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ABBREVIATIONS 
aq. «• aqueous 
a t m . =• a t m o s p h e r i c or a tmosphere (s ) 
a t . vol. = a t o m i c volume(s) 
a t , wt . = a t o m i c weight (s) 
T° or 0 K » abso lu te degrees of t e m p e r a t u r e 
b .p . = boi l ing point (s) 
0° = cen t ig rade degrees of t e m p e r a t u r e 
coeff. =3 coefficient 
cone . » concen t r a t ed or concen t r a t i on 
di l . — d i lu te 
eq. = equivalent(s) 
f.p. = freezing point (s) 
m . p . «=• m e l t i n g point(s) 
mol(s) ^ / g r a m - m o l e c u l e l s ) v ' \ g r a m - m o l e c u l a r 

m o l . h t . = molecu la r hea t ( s ) 
m o l . vol. =» molecu la r volume(s) 
mo l . w t . = molecu la r weight(s) 
press . = p ressure (s) 
sa t . «= s a t u r a t e d 
soln. «» solut ion (s) 
sp . gr. = specific g rav i ty (gravities) 
sp . h t . = specific heat(s) 
sp . vol. = specific volume(s) 
t e m p . = t empera tu re ( s ) 
vap . = vapour 

Xn t h e crOSS r e f e r e n c e s t h e first n u m b e r in c l a rendon type is t h e n u m b e r of t h e 
vo lume ; t h e second n u m b e r refers to t h e c h a p t e r ; a n d t h e succeeding n u m b e r refers fco t h e 
" § , " sect ion. T h u s 5 . 88, 24 refers to § 24, c h a p t e r 38, v o l u m e 5. 

T h e oxides, hyd r ides , ha l ides , su lph ides , su lpha t e s , ca rbona tes , n i t r a t e s , and phospha tes 
a re considered w i t h t h e basic e l e m e n t s ; t h e o t h e r c o m p o u n d s a r e t aken in connec t ion w i t h 
t h e acidic e l emen t . T h e doub le or complex sa l t s in connec t ion w i t h a given e l emen t inc lude 
those associa ted w i th e l e m e n t s previous ly discussed. T h e carbides , si l icides, t i t an ides , 
phosph ides , a r sen ides , e t c . , a re considered in connec t ion w i t h carbon, si l icon, t i t a n i u m , e tc . 
T h e i n t e rme ta l l i o c o m p o u n d s of a g iven e l e m e n t i nc lude those associated w i t h e lements 
previous ly cons idered . 

T h e use of t r l a n g f U l a r d i a g r a m s for r ep resen t ing t h e proper t ies of th ree -componen t 
sy s t ems was suggested by G. G. S tokes (Proc. Boy. Soc, 4 9 . 174, 1891). Th« m e t h o d was 
i m m e d i a t e l y t a k e n u p i n m a n y d i rec t ions a n d it h a s proved of g rea t value . W i t h prac t ice i t 
becomes as useful for r ep re sen t ing t h e p roper t i es of t e r n a r y m i x t u r e s as squared paper is for 
b ina ry m i x t u r e s . T h e p r inc ip le of t r i a n g u l a r d i a g r a m s is based on t h e fact t h a t in a n equi­
l a t e ra l t r i ang le t h e s u m of t h e pe rpend icu la r d i s tances of a n y po in t from t h e t h ree sides is 
a c o n s t a n t . Given a n y t h r e e subs tances A9 B9 a n d C, t h e composi t ion of a n y possible 
c o m b i n a t i o n of these can be represen ted by a po in t in or on t h e t r i ang le . The apices of t h e 
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X I l ABBREVIATIONS 

triangle represent the single components A9 B, and C9 the sides of the triangle represent binary 
mixtures of A and B9 B and C9 or C and A ; and points within the triangle, ternary mixtures. 
The compositions of the mixtures can be represented in percentages, or referred to unity, 10, 
etc. In Fig. 1, pure A will be represented by a point at the apex marked A. If 100 be the 

P io . 1. F I G . 2. F i a . 3. 

standard of reference, the point A represents 100 per cent, of A and nothing else; mixtures 
containing 8O per cent, of A are represented by a point on the line 88, 60 per cent, of A by a 
point on the line 66, etc. Similarly with B and C—Figs. S and 2 respectively. Combine 
Figs. 1, 2, and 3 into one diagram by superposition, and Fig, 4 results. Any point in this 

F I G . 4.—Standard Keference. Triangle. 

diagram, Fig . 4, thus represents a ternary mixture. For instance, the point M represents 
mixture containing 2O per cent, of A, 2O per cent, of B9 and 60 per cent, of C. 
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CHAPTER LIX 
TFJLh URIUJM 

§ 1. The History and Occurrence of Tellurium 

U P to near the end of the e ighteenth century, t h e peculiar mineral known as white 
gold-ore or grey gold-ore, occurring in the sandstone near Zalathna, Transylvania, 
appears t o have been considered b y chemists and mineralogists as a kind of alloy 
of ant imony and b ismuth. One var ie ty of the mineral was called Gelberz, Schrifterz, 
Blattererz, or blatterige Graugolderz b y G. A. Scopoli ; x and or gris lamelleux b y 
I . Eques a Born. Later, i t became the Nagyager Erz of A. G. Werner ; the 
Blattertellur of J. F . Tu. H a u s m a n n ; and the nagyagile of W. Haidinger. Another 
variety, Weissgolderz, was called or blanc d'Offeribanya, or or graphique, or aurum 
graphicum, b y I. E q u e s a Born ; prismatische Weissgolderz b y J. E . v o n Fichtel ; 
and aurum bismuticum b y J . Gr. Schmeiseer. The Weissgolderz was afterwards 
called sylvane graphique b y A. J . M. B r o c h a n t ; Schriftellur b y J . F . L . H a u s m a n n ; 
Schrifterz b y J. Esmark ; sylvane b y F . S. B e u d a n t ; sylvanite b y Li. A. Necker ; and 
aurotellurite b y J. D . Dana . 

C A . Gerrard's analys i s g a v e : 76 per cent , of su lphur a n d b i s m u t h , 18 per cent , of gold, 
and 6 per cent , of s i lver ; -while A . v o n Ruprecht ' s analys i s g a v e : gold, 11-6 ; s i lver, 2-33 ; 
lead oxide , 25 ; iron ox ide , 16-66 ; arsenic ox ide , 1*00 ; a n t i m o n y ox ide , 2-08 ; sulphur, 
41*66 per cent . 

I n 1782, F . J . Muller v o n Reichenste in 2 showed tha t the Weissgolderz gave no 
indicat ion of the presence of either a n t i m o n y or b ismuth, and he suspected that it 
contained a new metal , which he called metallum problematieum or aurum paradoxum. 
T. Bergman received a sample of t h e mineral, and examined i t b y the blow-pipe. 
H e said t h a t the metal is of a different nature from ant imony, b u t he did not 
venture to g ive a decided opinion ; a l though, according to P . Diergart, T. Berg­
man concluded t h a t F . J . Muller v o n Reichenste in had discovered a new element. 
About 1789, P . Kita ibel also suspected the presence of a new e lement ; and, a few 
years later, M. H . Klaproth extracted t h e u n k n o w n metal and observed a number of 
i ts properties, from which he concluded t h a t the mineral contains a peculiar, dist inct 
meta l essential ly different from every other metal l ic substance hitherto known ; 
and he added t h a t since these properties had previously been described in the 
crude mineral, i t is t o F. J. Muller v o n Reichenste in t h a t t h e merit belongs of 
hav ing first suspected i n Weissgolderz a new and dist inct metal , and of hav ing 
demonstrated i t s probable existence. This was verified b y J. F . Gmelin. 
M. T ihavsky tried t o show t h a t te l lurium and ant imony are the same ; b u t the 
a t t e m p t was abortive. 

Tellurium occurs in only a few places and in small quanti t ies ; i t is less 
abundant ly distributed than a n y other e lement of the sulphur family. I t rarely 
occurs in the e lemental s tate , and i t is present only in tellurides and in a few oxidized 
ores. According t o F . W. Clarke and H. S. Washington , 3 the igneous rocks on the 
earth's crust contain 8 X 10~~2 per cent , of sulphur, n X 10~~8 per cent, of selenium, 
and n X 1 0 ~ 9 per cent, of tel lurium ; and tel lurium is about as abundant as gold. 
J . H . L . V o g t gave for sulphur 6 X l O 2 , selenium nxlO 9, and tellurium n x l O " 3 0 

per cent . W . Vernadsky gave O 0 5 6 for the percentage amount , and O 0 6 5 for the 
atomic proportion. H . A. Rowland 4 failed to detect the lines of tellurium in the 

VOL. XI. 1 B 

16 



2 I N O R G A N I C A N D T H E O R E T I C A L , C H E M I S T R Y 

T e 
. 80-39 

97-92 
96-91 
93-64 

. 97-94 

. 99-45 
96-935 
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0-33 
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.— 

0-4O 

S 
9-26 
— 

— 

— 

A u 
0-33 
0 1 5 
0-60 
2 1 8 
1 0 4 
— 

2-399 

A g 

0 0 7 
1 1 5 
0 20 
— 
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8-55 
0-53 
— 

0 1 8 
0-89 
O i l 
— 

Gangue 
1-64 
1-62 (Cu) 
2-42 
2-85 
0-32 (Zn) 
— 
— 

solar spec t rum ; and the subject was discussed by F . E . Baxenda l l . Accord ing t o 
C. E . St . J o h n , i t is ye t uncer ta in whe the r or no t te l lur ium lines occur in t h e solar 
spec t rum. . . , 

T h e occurrence of na t ive te l lur ium a t Nagyag , T ransy lvan ia , was d iscussed b y 
V. R . von Zepharovich ; 5 a t Oravicza, Transy lvan ia , b y B . v o n Co t t a ; m R u d a , 
Erzgebirge, b y F . B e r w e r t h ; in t h e v ic in i ty of Za la thna , b y M. H . K l a p r o t h , W . P e t z , 
J . Loczka, V. R. von Zepharovich, L . Tokody , G. Rose , A. Brez ina , H . v o n F o u l l o n , 
a n d G. Benko ; in Asia Minor, b y G. Cesaro ; in Colorado, b y W . P . H e a d d e n , 
G. Rol land, B . Silliman, F . A. Genth , G. v o m R a t h ; in California, b y D . L.. M a t h e w -
son, G. Kuste l , a n d F . A. Gen th ; in Chile, b y E . B e r t r a n d ; in N e w Sou th Wa le s , b y 
A. I . iversidge; in Wes te rn Austra l ia , b y R. W . E . MacTvor, M. M a r y a n s k y , a n d 
A. Frenzel ; a n d in t h e Transvaa l , b y A. Frenze l . The following are ana lyses of 
some na t ive te l lur ium selected from these repor t s : 

Z a l a t h n a 
Z a l a t h n a . 
Magnol ia (Colorado) 
Ba l l e r a t (Colorado) 
J o h n J a y (Colorado) 
Gunn i son (Colorado) 
W e s t Aus t ra l i a . 

Tellur ium occurs combined wi th gold, silver, b i s m u t h , a n d m a n y o the r m e t a l s . 
I t is r a t he r a nuisance in cer ta in auriferous d is t r ic ts where t h e gold a n d silver 
ores are unfit for ama lgama t ion , e tc . , because t h e te l lur ide ores do n o t g ive u p 
the i r gold to mercury , to cyanide , or t o chlorine ; t h e ores also c o n c e n t r a t e b a d l y ; 
t h e y a re difficult t o roas t on accoun t of the i r Iow m . p . a n d gold is lost du r ing t h e 
removal of t he te l lur ium. T h e te l lur ide ores a re smel ted e i ther w i t h lead or copper 
ores which ac t as a flux. Large a m o u n t s of t e l lu r ium en te r t h e copper m a t t e . 
The m a t t e s a re t h e n bessemerized, a n d t h e copper refined by electrolysis . T h e 
copper conta ins no t far from 0-04 per cent , of t e l lu r ium. T h e slimes con ta in 
mos t of t h e tel lur ium, an t imony , caesium, a n d b i smu th toge the r wi th silver a n d 
gold. The chief te l lur ium minerals a re t h e tel lur ides ; a n d t h e oxidized minera l s 
are represented by tel lurous acid, t h e tel luri tes and t h e te l lura tes . The tellurides 
include tellurium, bismuth glance, B i 2 Te 3 ; tetradymite, B i 2 Te 2 S ; wehrlite, B i 7 T e 7 A g ; 
a n d pila&onite, B i 3 Te 2 —as well as t h e non-homogeneous oruetite, B i 2 Te 3 -Bi 2 S 3 . 
There are also joseite, Bi 3TeS ; grunlingite, Bi 4 S 3 Te ; ric7eardite, Cu 4 Te 3 ; altaite, 
P b T e ; melonite, N i 2 Te 3 ; coloradoite, H g T e ; stiXtzite, Ag4Te(monoclinic) ; hessite, 
Ag2Te(cubic) ; empressite, AgTe ; petzite, (Ag9Au)2Te ; muthmannite, (Ag 9Au)Te ; 
sylvanite, AuAgTe 4 ; Jcrennerite, (Au,Ag) T e 2 ; goldschmidtite, A u 2 A g T e 6 ; calaverite, 
AuTe 2 ; aniamoJcite, a gold silver te l lur ide ; nagyagite, A u 2 S b 2 P b 1 0 T e 6 S 1 5 ; talapite, 
Bi(S9Te)3AG3 ; vondiestite, (Ag 3 Au) 5 BiTe 4 ; goldfieldite, 5CuS.(Sb,Bi ,As) 2(S,Te) ; 
arsenotellurite, Te 2 As 2 S 7 ; coolgardite, a m i x t u r e of coloradoi te , pe t z i t e , ca laver i t e , 
and sylvani te ; TcalgoorlUe, a m i x t u r e of coloradoi te , pe tz i t e , a n d t e l l u r ium ; white 
tellurium, an an t imonia l te l lur ide of gold, silver, a n d lead ; a n d likewise also Gelberz, 
and rnullerite ; a n d henryUe9 a m i x t u r e of lead te l lur ide a n d py r i t e s . T h e oxidized 
minerals include t h e tellurites—tellurite, T e O 2 ; durdenite, Fe 2 (TeOg) 8 . 4H 2 O, w i t h a 
litt le selenium ; and emmonsite, a m i x t u r e of ferric te l lur i te , e t c . — a n d t h e te l lu-
rates—montanite, B i ( O H ) 2 T e O 4 ; inagnolite, H g 2 T e O 4 ; a n d ferrotellurite, F e T e O 4 . 

According to A. Cossa,0 te l lur ium occurs a m o n g t h e e rup t ion p r o d u c t s of Vu lcana , 
I^ipari Is lands . F . Zambonin i a n d L. Coniglio observed i t a m o n g s t t h e p r o d u c t s 
of Vesuvius. E . Divers a n d T. Shimidzu found 0-17 per cent , of t e l l u r ium i n t h e 
orange-red sulphur of J a p a n , a n d te l lur ium was also found in t h e c h a m b e r - m u d of 
t h e sulphuric acid works a t Osaka, J a p a n . D . P layfa i r observed a b o u t 0-002 p e r 
cent , of te l lur ium in the flue-dust of a furnace roas t ing Span i sh pyr i t e s . D . F o r b e s 7 

repor ted 5-9 per cent , of te l lur ium in t he na t ive b i s m u t h of Bol iv ia ; F . A. G e n t h , 
0-042 per cent . ; a n d R . Schneider, 0-14 per cent . T h e presence of t e l l u r ium i n 
commercia l b i s m u t h preparat ions—e.g . t h e o x y n i t r a t e — w a s discussed b y 
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J. O. Braithwaite, E . Isnard, G. Brownen, M, Reisert, E . A. Letts , Ronz und Sohne, 
etc. The gold and silver ores of Colorado and other American States were dis­
cussed b y C. Whi tehead , 8 C. Vincent, H . J . Burkart, F . A. Genth, C. Palache, 
W. P . Headden, etc. E . Thomson found tellurium in Canada, in the ores of M o n t -
bray, Quebec. C. Rossler, and K.. B . Heberlein found i t in the silver ores of Spezia, 
Italy, when i t occurs associated wi th p la t inum telluride ; P . Krusch, and 
L. J. Spencer, in the gold ores of Kalgoorlie, W e s t Australia ; E . Weckwarth, near 
Quisque, in Peru ; and it has also been reported in the gold ores of Offenbanya, 
Siebenbiirgen. K. B. Heberlein found tellurium in the lead ores of Tasmania, and 
of Spezia, I ta ly ; and C. H. Eulton, T. Egleston, E . Keller, and V. Lenher, in 
American copper ores. A. Schoep found up to 0-67 per cent, tel lurium trioxide in 
fourmarierite. E . Priwoznik, 9 and S. Skowronsky made some general observations 
on the occurrence of tellurium. 
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§ 2. The Extraction of Tellurium 
According t o M. J l . K l a p r o t h , 1 n a t i v e t e l l u r i u m — c o n t a i n i n g , say , 97 p e r c e n t , 

of t e l lu r ium associated with iron, gold, a n d s u l p h u r — c a n b e d issolved i n a q u a 
regia ; t h e soln. d i lu ted wi th as m u c h w a t e r as c an b e a d d e d w i t h o u t p r o d u c i n g a 
prec ip i ta te , a n d t r e a t e d wi th a n excess of po t a sh - lye . T h e f i l t ra te is n e u t r a l i z e d 
wi th hydrochlor ic acid. The p r e c i p i t a t e d t e l l u r i u m d iox ide is washed , d r ied , m i x e d 
wi th oil or with one- ten th i t s we igh t of charcoa l , a n d h e a t e d in a glass r e t o r t . T h e 
reduced te l lu r ium is found p a r t l y a t t h e b o t t o m of t h e r e t o r t , a n d p a r t l y a s 
a sub l imate . 

J . J . Berzelius e x t r a c t e d t e l l u r i u m f rom tetradymite—containing a p p r o x i m a t e l y 
60 per cent , of b i s m u t h , 36 of t e l lu r ium, a n d 4 of s u l p h u r — b y m a k i n g t h e finely 
powdered ore in to a stiff p a s t e wi th s o d i u m a n d p o t a s s i u m c a r b o n a t e s a n d ol ive oil ; 
a n d hea t ing t h e p roduc t , in a closed porce la in crucible , g r a d u a l l y t o ca rbon ize 
t h e oil, a n d a f te rwards t o a w h i t e - h e a t . T h e ob jec t he re is t o s e p a r a t e t h e s u l p h u r , 
selenium, a n d arsenic . T h e arsenic vola t i l izes a n d t h e s u l p h u r a n d se len ium r e m a i n 
in soln. after t h e t e l lu r ium h a s been p r e c i p i t a t e d b y a c u r r e n t of a ir . T h e m a s s is 
cooled o u t of c o n t a c t wi th air , qu i ck ly pu lver ized , q u i c k l y w a s h e d w i t h air-free 
water , a n d a cu r r en t of air passed t h r o u g h t h e f i l t ra te t o p r e c i p i t a t e t h e t e l l u r i u m . 
T h e fil trate conta in ing t e l lu r ium su lph ide ( a n d selenide) a n d a lka l i su lph ide is t r e a t e d 
with hydrochlor ic acid t o p r ec ip i t a t e t h e t e l l u r ium. T h e w a s h e d t e l l u r i u m is t h e n 
fused, and distil led in a c u r r e n t of h y d r o g e n so a s t o s e p a r a t e i t f rom t h e gold , i r on , 
manganese , a n d copper . F . Becker used a s imi lar process . A. Schul le r sa id t h a t 
t h e dist i l lat ion is easily conduc ted in v a c u o . F . W o h l e r f o u n d t h a t t h e v a c u u m 
dis t i l la t ion in hyd rogen removes t h e se len ium as h y d r o g e n se lenide ; a n d 
E . Pr iwoznik , t h a t t h e selenium is s imi lar ly r e m o v e d f rom m o l t e n t e l l u r i u m i n a 
c u r r e n t of hydrogen . J . J . Berzel ius said t h a t a t r a c e of se len ium a l w a y s r e m a i n s 
associa ted with t h e t e l lu r ium dist i l led in h y d r o g e n . F . S to lba t r e a t e d p o w d e r e d 
t e t r a d y m i t e wi th hydrochlor ic ac id t o r e m o v e t h e l imes tone ; a n d h e a t e d t h e 
washed res idue wi th cone, hydroch lo r ic acid, w i t h t h e g r a d u a l a d d i t i o n of n i t r i c 
acid, un t i l t h e res idue is whi te . As m u c h w a t e r w a s a d d e d t o t h e cold l i qu id a s 
could be done w i t h o u t t h e s epa ra t i on of t e l l u r i u m ; i ron w a s t h e n a d d e d t o t h e 
filtered soln., w h e n c rude te l lu r ium, con ta in ing b i s m u t h a n d copper , w a s p r e c i p i t a t e d . 
I n a n o t h e r process , t h e powdered minera l was h e a t e d w i th su lphur i c ac id of s p . g r . 
1-842 so long a s su lphu r d ioxide w a s g iven off. T h e l iqu id w a s d i l u t e d w i t h w a t e r , 
a n d t h e t e l l u r i um p rec ip i t a t ed f rom t h e f i l t ra te b y m e a n s of i ron ; t h e r e s idua l 
m a t t e r w a s t r e a t e d w i t h cone, hydroch lor ic acid, a n d t e l l u r i um p r e c i p i t a t e d f rom 
t h e soln. b y i ron, or b y s o d i u m hydrosu lph i t e . T h e t e l l u r i u m w a s purif ied b y dis­
so lu t ion in n i t r i c acid, t h e l iquid m a d e a lka l ine wi th soda- lye , a n d t h e t e l l u r i u m 
p r e c i p i t a t e d b y glucose. T h e e x t r a c t i o n of t e l l u r i um from b i s m u t h ores w a s d i s ­
cussed b y E . M a t t h e y . E . P r iwozn ik , F . M. H o r n , a n d J . Lowe e m p l o y e d modif ica-
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t ions of t h e process for o t h e r mine ra l s a n d ores . F . M. H o r n dissolved t h e ore 
f rom t h e Allerhei l igen Mine, S i ebenbu r g , in boi l ing cone , su lphur i c acid, a n d precipi­
t a t e d t h e si lver w i t h h y d r o c h l o r i c ac id , a n d t h e t e l l u r i u m b y zinc. 

J . J . Berze l ius o b t a i n e d t e l l u r i u m f rom silver telluride—containing a p p r o x i m a t e l y 
35 p e r cen t , of t e l l u r i u m , 46 t o 61 of si lver, a n d 1 t o 18 of g o l d — b y h e a t i n g t h e 
p o w d e r e d m i n e r a l in a c u r r e n t of ch lor ine , w h e n si lver ch lor ide , a n d vola t i le te l lu­
r i u m t e t r a c h l o r i d e a r e fo rmed . T h e r e escapes a m i x t u r e of su lphur , se lenium, a n d 
a n t i m o n y chlor ides . T h e t e l l u r i u m t e t r a c h l o r i d e is d isso lved in di l . hyd roch lo r i c 
acid , a n d t h e t e l l u r i u m p r e c i p i t a t e d b y s o d i u m h y d r o su lph i t e . T h e t e l l u r i u m is 
purif ied b y d i s t i l l a t ion in h y d r o g e n . J . J . !Berzelius also o b t a i n e d t e l l u r i u m b y fusing 
t h e p o w d e r e d ore w i t h a m i x t u r e of p o t a s s i u m n i t r a t e a n d c a r b o n a t e in a si lver 
crucible n o t q u i t e t o r ednes s . W h e n t h e b l a c k m a s s b e c o m e s redd i sh-grey , t h e t e m p , 
is inc reased t o redness , a n d t h e m a s s a l lowed t o cool. I t is t h e n l ix iv ia ted w i t h 
w a t e r , a n d fi l tered. T h e clear l iquid , w h i c h b e c o m e s t u r b i d w h e n h e a t e d , is 
e v a p o r a t e d t o a small vo l . , m i x e d w i t h a l a rge p r o p o r t i o n of p o w d e r e d charcoa l , 
a n d e v a p o r a t e d t o d r y n e s s . T h e p r o d u c t is h e a t e d in a cove red crucib le , a n d t h e n 
t r e a t e d a s in t h e e x t r a c t i o n of t e l l u r i u m f rom t e t r a d y m i t e . H . H e s s e m p l o y e d a 
s o m e w h a t s imi lar p rocess . J . J . Berze l ius also h e a t e d t h e n a t i v e si lver t e l lu r ide 
w i t h cone , n i t r i c ac id—free f rom chlor ine . W h e n all is oxid ized , t h e l iqu id is 
e v a p o r a t e d t o d r y n e s s ; t h e d r y m a s s e x t r a c t e d w i t h w a t e r ; a n d t h e res idua l 
t e l l u r ium d iox ide m i x e d w i t h s o d i u m c a r b o n a t e a n d oil a s in t h e e x t r a c t i o n of 
t e l l u r i u m f rom t e t r a d y m i t e . 

P . B e r t h i e r o b t a i n e d t e l l u r i u m f rom finely p o w d e r e d nagywjite—containing 
a p p r o x i m a t e l y 30 p e r cen t , of t e l l u r i u m , a n d 50 pe r cen t , of lead a long w i t h some 
gold, copper , a n t i m o n y , a n d s u l p h u r — b y r e p e a t e d l y boi l ing w i t h cone, h y d r o ­
chloric acid , a n d w a s h i n g w i t h boi l ing w a t e r ; t h e res idue was t r e a t e d w i t h n i t r i c 
acid, a n d t h e d e c a n t e d l iqu id e v a p o r a t e d t o d r y n e s s ; t h e r e su l t i ng t e l l u r i um 
d iox ide w a s d i sso lved in h y d r o c h l o r i c ac id , a n d t h e t e l l u r i u m p r e c i p i t a t e d w i t h 
s u l p h u r o u s ac id . P . B e r t h i e r also fused t h e p o w d e r e d m i n e r a l w i th a m i x t u r e of 
p o t a s s i u m n i t r a t e a n d c a r b o n a t e , a n d p r e c i p i t a t e d t h e t e l l u r i u m from t h e acidified 
e x t r a c t b y m e a n s of i ron . F . S t o l b a e x t r a c t e d t h e p o w d e r e d m i n e r a l w i t h h y d r o ­
chloric ac id , d iges t ed t h e r e s idue w i t h a q u a regia , a n d a d d e d w a t e r so long as a 
p r e c i p i t a t e — t e l l u r i u m d iox ide a n d a n t i m o n y o x y c h l o r i d e — w a s fo rmed . T h e gold 
was p r e c i p i t a t e d f rom t h e f i l t ra te b y fer rous s u l p h a t e , a n d t h e t e l l u r i u m b y i ron 
i n t h e p resence of a l i t t l e s t a n n o u s ch lor ide . T h e m i x t u r e of t e l l u r i u m d iox ide a n d 
a n t i m o n y oxych lo r ide w a s bo i led w i t h cone , soda- lye , a n d t h e t e l l u r i u m p re ­
c ip i t a t ed f rom t h e a lka l ine l iquor b y g lucose . Accord ing t o B . B r a u n e r , t h e p r e ­
c ip i t a t e o b t a i n e d b y d i l u t i n g t h e a b o v e - i n d i c a t e d soln. w i t h w a t e r m a y also c o n t a i n 
bas ic t e l lu r i t e s w h i c h a r e n o t c o m p l e t e l y d e c o m p o s e d b y t h e boi l ing soda- lye ; if 
bas ic coppe r t e l lu r i t e is fo rmed , some c o p p e r m a y pas s i n t o soln. , a n d b e p re ­
c ip i t a t ed as c u p r o u s ox ide b y t h e g lucose . E . JDonath, a n d L . K a s t n e r u sed 
modif ica t ions of t h e process . J . F a r b a k y r e c o m m e n d e d t h e following process for 
e x t r a c t i n g t e l l u r i u m on a l a rge scale f rom go ld - t e l lu r ium ores : 

The ore is s l owly t h r o w n into boi l ing cone, sulphuric acid, w h e n lead, copper, zinc, 
te l lurium, a n d also a port ion of the s i lver c o m p o u n d s present go into soln.., go ld and silicic 
acid remaining undisso lved . The product i s t h e n h e a t e d w i t h water conta in ing from 
IO t o 15 per cent , of hydrochlozic acid, w h e n t h e lat ter prec ipi tates the dissolved silver and 
dissolves the h y d r a t e d te l lur ium ox ide prec ip i tated b y t h e water . On filtering, a residue 
of go ld a n d s i lver is ob ta ined w h i c h i s "worked u p separate ly . Sulphur dioxide is passed 
through t h e filtrate, and as th i s takes p lace in sulphuric or hydrochloric acid soln. , only 
te l lurium and se len ium are t h r o w n d o w n . Thi s residue is found t o conta in from 72—85 per 
cent , of te l lurium, a n d after a repet i t ion of the process , the percentage is increased to 9 7 - 9 8 . 
The crude p o w d e r is m e l t e d a n d cas t in m o u l d s . 

A . v o n S c h r o t t e r t r e a t e d i m p u r e n a g y a g i t e w i t h hydroch lo r i c ac id t o r e m o v e 
soluble c a r b o n a t e s , e t c . ; a n d a f t e r w a r d s d iges t ed w i t h a q u a r eg i a—wi th a n 
excess of h y d r o c h l o r i c a c id u n t i l t h e inso luble res idue w a s wh i t e . W a t e r , a n d 
hydroch lo r i c ac id were added t o k e e p t h e t e l l u r i u m d iox ide in soln. T h e l iquid 
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w a s filtered from t h e silver chloride, a n d t h e soln. t r e a t e d w i t h fe r rous s u l p h a t e , 
oxalic? acid, or glycerol in a neu t ra l i zed soln., t o r e m o v e gold. T h e filtrate w a s 
t r e a t e d wi th su lphu r d ioxide w h e r e b y scar le t - red se len ium w a s first p r e c i p i t a t e d , 
a n d a f t e rwards da rk -g rey te l lu r ium. This w a s m e l t e d u n d e r a l aye r of s o d i u m 
hyd rox ide . E . Pr iwoznik , F . M. H o r n , H . Schni tz ler , H . Schwarz , a n d J . L o w e 
used modificat ions of th i s process. W . P e t h y b r i d g e discussed t h e e x t r a c t i o n of 
t e l lu r ium from gold ores. 

M. Shimose e x t r a c t e d t e l lu r ium from c h a m b e r - m u d in t h e s u l p h u r i c ac id w o r k s 
of Osaka , J a p a n , b y digest ing i t wi th a w a r m soln. of p o t a s s i u m c y a n i d e a n d s o d i u m 
c a r b o n a t e ; t h e m i x t u r e was d i lu ted wi th w a t e r a n d boi led ; t h e f i l t ra te w a s s t r o n g l y 
acidified wi th su lphur ic acid, t r e a t e d w i t h a l i t t le n i t r i c ac id , a n d t h e t e l l u r i u m 
prec ip i ta ted as su lphide b y a cu r r en t of h y d r o g e n su lph ide . T h e ye l low s u l p h u r i c 
acid from t h e chamber s was t r e a t e d in a s imilar m a n n e r . T h e p r e c i p i t a t e s w e r e 
mel ted with potass ium cyanide , a n d t h e t e l l u r i u m p r e c i p i t a t e d f rom a n aq . soln. 
of t he mel ted mass b y t h e passage of a c u r r e n t of air . C. W h i t e h e a d sa id t h a t t h e 
slimes obta ined in t he electrolyt ic refining of coppe r m a y c o n t a i n m u c h t e l l u r i u m . 
The slimes are digested wi th hydroch lor ic acid, a n d t h e r e su l t ing soln. is d e c a n t e d 
from t h e insoluble siliceous m a t t e r s , a n d p o u r e d i n t o w a t e r . T e l l u r i u m d iox ide , 
along with some a n t i m o n y oxychlor ide , is p r e c i p i t a t e d . T h e p r e c i p i t a t e is d issolved 
in cone, hydrochlor ic acid a n d t r e a t e d w i t h s u l p h u r d iox ide w h e n a r e d j j r ec ip i t a t e , 
consist ing largely of selenium, s epa ra t e s o u t ; t h e f i l t ra te is d i l u t ed a n d a g a i n t r e a t e d 
with su lphur dioxide w h e n t h e t e l l u r i u m is p r e c i p i t a t e d . T h e t e l l u r i u m c a n b e 
further purified b y fusion w i t h p o t a s s i u m c y a n i d e w h e n p o t a s s i u m te l lu r ide K 2 T e 
is formed. A cu r r en t of a i r is pas sed t h r o u g h t h e a q . soln. 2 E l 2 T e + 2 H 2 O + O 2 
^ 4 K O H + 2 T e . The p r e c i p i t a t e d t e l l u r i u m is t h e n fused a n d dis t i l led in a c u r r e n t 

of hydrogen . Several of t h e t e l l u r i u m ores c a n b e t r e a t e d w i t h ac id i n a s imi la r 
way , or fused wi th p o t a s h or soda , or w i t h a m i x t u r e of s o d i u m c a r b o n a t e a n d 
po t a s s ium n i t r a t e . I n t h e case of t h e a lkal i fusion, t h e t e l l u r a t e is e x t r a c t e d w i t h 
wa te r , t r e a t e d wi th hydroch lor ic ac id , a n d a f t e rwards w i t h s u l p h u r d iox ide , w h e n 
glucose or sugar p rec ip i ta tes t e l l u r i u m from soln. of a lka l i t e l l u r a t e s . O b s e r v a t i o n s 
on th i s subject were m a d e b y E . Kel ler , V. Xienher, A. T . v o n Gersdorif a n d 
W . L. Kol reu te r , A. Wehrle , a n d F . D . Crane . T h e e x t r a c t i o n of t e l l u r i u m f rom 
lead and silver ores was discussed b y K . B . Heber l e in . 

P . H u l o t fused t h e t e l lu ra t e w i t h p o t a s s i u m n i t r a t e , a n d , on e x t r a c t i n g t h e cold 
mass wi th water , t he re r ema ined insoluble p o t a s s i u m t e l l u r a t e , K 2 T e 4 O 1 3 , which, 
furnishes t e l lu r ium w h e n suspended in w a t e r a n d reduced w i t h n a s c e n t h y d r o g e n 
from zinc a n d hydrochlor ic acid, or a l u m i n i u m a n d a lkal i - lye . 

K. W . E . Mac lvo r found t h a t w h e n t h e v a p o u r of s u l p h u r m o n o c h l o r i d e is p a s s e d 
over t e l lu r ium minera l s—nat ive t e l lu r ium, calc ini te , e t c . — t h e t e l l u r i u m is 
volat i l ized as t h e t e t rach lor ide . T h e solid is w a s h e d w i t h c a r b o n d i su lph ide , 
dissolved in hydrochlor ic acid, a n d t h e t e l l u r i um p r e c i p i t a t e d b y p o t a s s i u m 
h y drosulph i te . 

According t o A. Outbier , t h e a b o v e descr ibed m e t h o d s of pur i f i ca t ion furn ish 
c rude t e l l u r i u m c o n t a m i n a t e d wi th foreign me ta l s—coppe r , si lver, gold, z inc , a r sen ic , 
a n t i m o n y , b i s m u t h , i ron, e t c .—as well a s b y su lphur , se len ium, silica, e t c . O w i n g 
t o t h e a n o m a l y in t h e a t . w t s . of iodine a n d t e l l u r i u m — 1 . 6, 6 — t e l l u r i u m h a s b e e n 
t o r t u r e d m n u m e r o u s w a y s in order t o find if t h e p resence of a sma l l p r o p o r t i o n 
of some unsuspec t ed i m p u r i t y would a c c o u n t for t h e d i sc repancy . T h e e l e m e n t 
w a s o b d u r a t e — t h e resul t s were n u g a t o r y . T h e impur i t i e s in se l en ium were 
r e m o v e d b y conve r t i ng t h e se len ium t o t h e d ioxide a n d h e a t i n g t h e p r o d u c t n e a r l y 
t o i t s m . p . in a ir , when all b u t a t r a c e of t h e se len ium is vola t i l ized a s t h e d iox ide ; 
t h e s u l p h u r a n d se len ium c a n be r e m o v e d b y oxidiz ing t h e e l emen t s t o te l lur ic ac id , 
e t c . , a d d i n g b a r i u m chlor ide t o p r ec ip i t a t ed b a r i u m s u l p h a t e a n d se lena te . H . R o s e 
r e m o v e d s u l p h u r b y h e a t i n g t h e m i x t u r e w i th a q u a regia , e v a p o r a t i n g w i t h h y d r o ­
ch lor ic ac id , a n d p rec ip i t a t i ng t h e t e l l u r i um b y s u l p h u r d iox ide . H . R o s e a l so 
m e l t e d t h e c r u d e t e l l u r i u m w i t h p o t a s s i u m c v a n i d e in a n a t m of h y d r o g e n 
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potassium telluride, se lenocyanate , and sulphocyanate are formed. The telluride 
is then treated as indicated below for crude tel lurium. A. Oppenheim observed 
that when the crude tel lurium is heated on a water-bath wi th a soJn. of potass ium 
cyanide, only a l ittle tel lurium, but all t h e sulphur and selenium, pass into soln. 
Hydrochloric acid added to the soln. precipitates the selenium. A current of air 
passed through the soln. converts the tel lurium into alkali tellurite and the soln. s 
when treated wi th sulphur dioxide, gives a precipitate of tellurium. H. Rose, and 
M. Shimose added t h a t tel lurium is only s l ightly at tacked b y a boil ing soln. and i t 
passes into soln. in a form not precipitable b y air, or b y a hot soln. of potass ium 
hydroxide and glucose, b u t which, like selenium, is precijntable b y hydrochloric 
acid. A. v o n Schrotter, E . Priwoznik, C. Alexi , and M. Shimose said that when a 
cone, hydrochloric acid soln. is treated with sulphur dioxide, the selenium is first 
precipitated, and this is followed b y grey tel lurium. The process was discussed 
b y J . J. Berzelius, E . Priwoznik, and A. v o n Schrotter. This subject has been dis­
cussed b y E*. Keller, and his results are summarized in Eigs. 1 and 2 of the preceding 
chapter. F . D . Crane replaced the sulphur dioxide b y hydrazine, hydroxy !amine, 
or magnesium, but P. Kdthner said tha t these precipitants offer no advantages over 
sulphur dioxide. E . Divers and M. Shimose worked with sulphuric in the place of 
hydrochloric acid. They said tha t selenium and tellurium are sharply distinguished 
from each other in. their behaviour towards sulphur dioxide in the presence of 
sulphuric acid, and absence of hydrochloric acid. With precautions easy to be 
observed, the whole of the selenium is precipitated wi thout a trace of the tellurium 
accompanying it. The sulphur dioxide soln. m u s t be added to the undiluted or 
very sl ightly dil. soln. of the oxidized e lements in cone, sulphuric acid. Some 
dilution of the sulphuric acid is indeed necessary, as the precipitation of the 
selenium is incomplete wi thout it, bu t this is most safely and s imply effected b y the 
sulphur dioxide soln. itself. H . Rose said tha t the precipitation b y sulphur dioxide 
in the presence of sulphuric acid alone is imperfect, but , added E . Divers and 
M. Shimose, this is only the case when the cone, of the sulx>huric acid is too low. In 
the sulphuric acid process, the crude tel lurium is heated wi th cone, sulphuric acid 
to form a colourless soln., and until no more sulphur dioxide is evolved ; four vols , 
of sulphurous acid are added, and only the selenium is precipitated. The soln. is 
warmed on a sand-bath, di luted and filtered. The tel lurium is then precipitated 
from the nitrate b y adding hydrochloric acid, and passing a current of sulphur 
through the liquid. M. Shimose said tha t when an alkaline tellurite soln. is boiled 
with glucose, the tel lurium is first precipitated and afterwards t h e selenium. 
F . Stolba made some observations on this subject. 

B . Brauner purified tel lurium b y dissolving i t in hydrochloric acid mixed with 
as little nitric acid as possible, and removing the nitric acid b y repeated evapora­
tion with hydrochloric acid. The soln., at 60° to 70°, is treated wi th sulphur dioxide 
to precipitate the selenium and tellurium which m a y be contaminated with lead or 
copper. The dry product is fused wi th five t imes its weight of potass ium cyanide 
in an a tm. of hydrogen t o protect i t from air. The cold mass is extracted with 
water, and a current of air passed through the claret-red soln. of potass ium telluride. 
The washed and dried precipitate of tel lurium is distilled in a current of 
hydrogen. 

According to P. Kothner, tel lurium m a y be separated from its common impurities 
(copper, silver, gold, b ismuth, ant imony, arsenic, and selenium) b y dissolving the 
crude substance in hydrochloric acid containing a l ittle nitric acid, evaporating off 
the excess of the latter reagent, di luting the cooled soln. with water until the deep 
yel low colour of tel lurium tetrachloride disappears, filtering from the precipitate 
of silver chloride and the oxychlorides of ant imony and bismuth, and treating the 
warm nitrate with sulphur dioxide. The treatment is repeated, and b y fractional 
precipitation t w o or three t imes , and collecting the middle fraction, pure tellurium 
is obtained. The first fractions contain arsenic, whilst the third fraction shows 
traces of copper and gold. The e lement m a y be obtained in a crystalline form b y 
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pass ing s u l p h u r d ioxide i n t o a h o t soln. of t h e t e t r a c h l o r i d e in cone , h y d r o c h l o r i c 
ac id (20-3 pe r cent . ) ; t h e c rys ta l s be ing o p a q u e w i t h a s i lvery l u s t r e . 

L.. S t a u d e n m a i e r ob t a ined t e l lu r ium of a h igh degree of p u r i t y b y d i sso lv ing freely 
p o w d e r e d c r u d e t e l lu r ium in dil . n i t r i c ac id ; e v a p o r a t i n g t h e soln. w i t h cone , n i t r i c 
acid, a n d filtering. T h e t e l lu r ium is t h e n p r e c i p i t a t e d w i t h s u l p h u r d iox ide , a n d 
washed wi th hydrochlor ic acid a n d wa te r . I t is t h e n d issolved in a n excess of d i l . 
n i t r i c acid, a n d a s l ight excess of ch romic ac id is a d d e d . T h e soln . is e v a p o r a t e d for 
crys ta l l iza t ion , wi th t h e c rys ta l s w a s h e d w i t h n i t r i c ac id a n d d i s so lved in a s m a l l 
q u a n t i t y of wa te r . The soln. is t r e a t e d w i t h a few d r o p s of a lcohol t o r e d u c e a n y 
chromic acid remain ing , a n d p r e c i p i t a t e d b y t h e a d d i t i o n of n i t r i c ac id . F i n a l l y , t h e 
p r o d u c t is dissolved in w a t e r a n d e v a p o r a t e d t o d r y n e s s on t h e w a t e r - b a t h — t e l l u r i c 
acid remains . This reduces t o t e l l u r i um d iox ide w h e n h e a t e d , a n d i t c a n b e r e d u c e d 
t o t e l lu r ium b y h e a t i n g i t in h y d r o g e n , or b y t h e a c t i o n of s u l p h u r d iox ide . 
P . K o t h n e r said t h a t t h i s p r o d u c t still c o n t a i n s spec t roscop ic t r a c e s of c o p p e r a n d 
silver. 

D . Kle in a n d "Li. Morel d issolved t h e t e l l u r i u m in cone , n i t r i c ac id , a n d e v a p o r a t e d 
t h e soln. for crys ta l l iza t ion. T h e bas ic n i t r a t e c rys ta l l izes o u t l eav ing t h e o t h e r 
me ta l n i t r a t e s in soln. T h e p r o d u c t af ter w a s h i n g w i t h h o t w a t e r , is h e a t e d t o f o r m 
te l lu r ium dioxide. Th i s is d isso lved in h y d r o c h l o r i c ac id , a n d t h e t e l l u r i u m 
prec ip i t a ted wi th s u l p h u r d iox ide . J . E . Nor r i s , H . E a y a n d IX W . E d g e r l y d i s ­
solved t h e oxide o b t a i n e d f rom t h e purif ied bas ic n i t r a t e in h y d r o c h l o r i c ac id , p r e ­
c ip i ta ted t h e t e l lu r ium 'with s u l p h u r d iox ide , a n d dis t i l led t h e r e s u l t i n g m e t a l . 
P . K o t h n e r said t h a t t h e bas ic n i t r a t e is c o n v e n i e n t l y p r e p a r e d b y d i sso lv ing 
small quan t i t i e s of t e l l u r i u m in a s l ight excess of n i t r i c ac id a n d e v a p o r a t i n g t h e 
soln. ob t a ined from severa l e x p e r i m e n t s . I n t h i s w a y , t h e s e p a r a t i o n of t e l l u r i u m 
is reduced t o a m i n i m u m . T h i s sa l t , howeve r , e v e n af ter r e p e a t e d c rys t a l l i za t ion , 
still con ta ins t r aces of si lver a n d copper . A c c o r d i n g t o P . K o t h n e r , t e l l u r i u m c a n 
be separa ted from all o t h e r e l e m e n t s e x c e p t a n t i m o n y b y d i s t i l l a t ion in a v a c u u m , 
a n d since t h i s e l emen t is r e m o v e d in pu r i fy ing t h e bas ic n i t r a t e , i t follows t h a t a 
combina t ion of t h e t w o processes s h o u l d l ead t o t h e p r o d u c t i o n of p u r e t e l l u r i u m . 
T h e p r o d u c t ob ta ined b y r e d u c i n g t h e rec rys ta l l i zed n i t r a t e w i t h s u l p h u r d i o x i d e 
is disti l led u n d e r 9 -12 m m . press , i n a t u b e d i v i d e d i n t o s e g m e n t s b y a s b e s t o s 
pa r t i t ions . After r e p e a t e d d is t i l l a t ion t h r o u g h t h r e e or four of t h e s e c o m ­
p a r t m e n t s a specimen is o b t a i n e d w h i c h is q u i t e free f rom i m p u r i t i e s . 
G. W . A. K a h l b a u m a n d co-workers , a n d E . KrafTt a n d L.. Merz also pur i f ied t h e 
e lement b y dist i l la t ion in v a c u o . K . B . H e b e r l e i n t r e a t e d t h e c r u d e t e l l u r i u m w i t h 
n i t r ic acid (or a q u a regia or, if l ead was p re sen t , w i t h boi l ing cone , s u l p h u r i c ac id ) , 
a n d a d d e d an excess of aq . a m m o n i a — t h e lead, b i s m u t h , i ron , e tc . , a r e p r e c i p i t a t e d 
as te l lur i tes , a n d t h e f i l t rate w a s t r e a t e d w i t h a n a m m o n i a c a l soln. of a n a m m o n i u m 
m a g n e s i u m salt . W h i t e m a g n e s i u m te l lu r i t e w a s p r e c i p i t a t e d . T h e w a s h e d 
p rec ip i t a t e was dissolved in a l i t t le hydroch lo r i c ac id , a n d r e p r e c i p i t a t e d b y a q . 
a m m o n i a . T h e t e l lu r ium w a s p r e c i p i t a t e d f rom t h e h y d r o c h l o r i c ac id soln . of t h i s 
p r o d u c t b y su lphu r d ioxide . K. Schelle boi led t h e c r u d e t e l l u r i u m w i t h p o w d e r e d 
s u l p h u r a n d a soln. of sod ium sulphide , a n d a d d e d s o d i u m s u l p h i t e w h e n a g rey i sh -
b lack p r e c i p i t a t e of p u r e t e l lu r ium was ob t a ined . Se len ium, a r sen ic , t i n , gold , a n d 
p l a t i n u m a re n o t p r ec ip i t a t ed b y th i s m e t h o d , b u t coppe r is r e m o v e d b v t h e 
in i t ia l t r e a t m e n t wi th sod ium su lph ide . F . Kraff t a n d K. E . L y o n s p r e p a r e d 
d i p h e n y l te l lur ide , Te(C6H5)O, b y t r e a t i n g t e l l u r i u m wi th d i p h e n y l m e r c u r i d e . 
O. b t e m e r purif ied t h i s p r o d u c t b y f rac t ional d is t i l la t ion in v a c u o . G Pel l in i con­
v e r t e d t h e purif ied d i p h e n y l te l lu r ide i n t o d i b r o m i d e which w a s t h e n purified b y 
r e c r y s t a l h z a t i o n f rom benzene ; t h e d i b r o m i d e w a s c o n v e r t e d i n t o t e l lu r i c a c id ' 
t h i s w a s r e d u c e d t o t e l l u r ium, a n d t h e p r o d u c t dis t i l led in v a c u o . 

C. H i m l y used a n e lec t ro ly t ic process for pur i f icat ion. T h e c a t h o d e w a s m a d e 
b y d i p p i n g a p l a t i n u m wi re i n t o m o l t e n t e l l u r i u m ; a n d i t w a s s u r r o u n d e d b y a 
wool len o r l inen b a g ; t h e a n o d e was of p l a t i n u m ; t h e e l ec t ro ly te , di l p o t a s h - l y e 
T h e p o t a s s i u m t e l lu r ide fo rmed a t t h e c a t h o d e is ox id ized t o t e l lu r i t e b y t h e o x y g e n 

23 



T E L L U B I U M 9 

a t t h e a n o d e . A c c o r d i n g t o C. W h i t e h e a d , t e l l u r i u m is r ead i ly depos i t ed b y a n 
electr ic c u r r e n t e i t he r f rom a n ac id or a lka l ine soln. I t h a s b e e n found possible 
t o s e p a r a t e t e l l u r i u m f rom c o p p e r b y a d d i n g a n excess of s o d i u m h y d r o x i d e a n d 
a b o u t 3 g r m s . of p o t a s s i u m c y a n i d e for each g r m . of coppe r p resen t , a n d pass ing 
a n e lectr ic c u r r e n t t h r o u g h t h e soln. ; t h e t e l l u r i u m is t h r o w n d o w n as a b lack , 
n o n - a d h e r e n t p r e c i p i t a t e w h i c h c a n r e a d i l y b e fi l tered off ; t h e soln. c a n t h e n be 
s l igh t ly acidified w i t h s u l p h u r i c ac id a n d t h e c o p p e r e s t i m a t e d in t h e u s u a l w a y b y 
e lect rolysis . A c c o r d i n g t o F . C. M a t h e r s a n d H . L . T u r n e r , t e l l u r i u m can b e 
depos i t ed f rom a soln. of 300 g r m s . of t e l l u r i u m d iox ide (49-6 pe r cen t . T e O 2 a n d 
46-I p e r c e n t . N a 2 T e O 3 ) , 50O g r m s . of 48 p e r cen t , hydrof luor ic acid , a n d 200 g rms . 
of su lphu r i c ac id p e r l i t re , u s i n g 1-6 a m p . p e r sq . d m . a t a l e ad c a t h o d e a t o r d i n a r y 
t e m p . The t e l l u r i u m a n o d e d i sso lved a n d t h e 0-9 pe r cen t , of se len ium r e m a i n e d 
in t h e s l imes . T h e d e p o s i t e d t e l l u r i u m is l i gh t g r e y a n d b r i t t l e . T h e depos i t s 
a r e less s a t i s f ac to ry if h y d r o c h l o r i c ac id b e s u b s t i t u t e d for hydrof luor ic acid . 

J . J . Berze l ius 2 r e fe r red t o t h e b l u e l i qu id c o n t a i n i n g finely-divided t e l l u r ium 
w h i c h is o b t a i n e d w h e n a v e r y di l . soln . of p o t a s s i u m te l lu r ide is exposed t o a i r ; 
a n d 33. B r a u n e r , t o t h e b l u e , g reen i sh -b lue , o r v io le t l iqu id o b t a i n e d b y t h e ac t ion 
of s u l p h u r o u s ac id o n a h y d r o c h l o r i c ac id soln. of t e l l u r i u m d iox ide . A. Grutbier 
o b t a i n e d co l lo idal t e l lur ium b y r e d u c i n g a di l . soln. of t e l l u rous or te l lur ic ac id b y 
m e a n s of h y d r a z i n e h y d r a t e , p h e n y l h y d r a z i n e , h y d r o x y l a m i n e hydroch lo r ide , 
h y p o p h o s p h o r o u s ac id , s u l p h u r o u s ac id , s o d i u m h y d r o s u l p h i t e . If t h e r e d u c t i o n 
occurs i n t h e p r e sence of g u m a rab i c , or a n e x t r a c t of t h e seeds of JPlanlago psyllium, 
t h e h y d r o s o l is ausserordentlich bestdndig. Ia. Li l ienfeld u s e d ge la t in , g u m a rab ic , 
a n d p r o t e i n s a s p r o t e c t i v e colloids. A . Grutbier a n d F . R e s e n s c h e c k f o u n d t h a t 
w h e n a n a q . soln. of t e l lu r ic ac id c o n t a i n i n g p o t a s s i u m c y a n i d e is e lec t ro lyzed w i t h 
a c u r r e n t of 0*5 a m p . , t h e soln . g r a d u a l l y b e c o m e s b rowni sh -v io l e t owing t o t h e 
f o r m a t i o n of t e l l u r i u m i n the h y d r o s o l fo rm ; a s t h e e lec t rolys is is c o n t i n u e d , t h e 
t e l l u r i u m s e p a r a t e s a s a f locculent p r e c i p i t a t e . W h e n a m m o n i u m o x a l a t e is s u b ­
s t i t u t e d for p o t a s s i u m c y a n i d e , t h e s tee l -b lue h y d r o s o l of t e l l u r i u m is first of all 
fo rmed . B y dia lys is , t h e n e w b rowni sh -v io l e t h y d r o s o l fo rm m a y b e o b t a i n e d 
in b r i l l i an t ly -co loured soln. , w h i c h a r e n o t d e c o m p o s e d af ter s ix m o n t h s . Accord­
ing t o C P a a l a n d C K o c h , t h e b r o w n modi f i ca t ion of col loidal t e l l u r i u m is easi ly 
o b t a i n e d b y w a r m i n g a n a lka l ine a q . soln . of te l lur ic ac id , c o n t a i n i n g p ro t a lb i c or 
lysalbic ac id , w i t h h y d r a z i n e h y d r a t e o n t h e w a t e r - b a t h ; i n n e u t r a l o r a lka l ine soln. , 
c o n t a i n i n g s o d i u m p r o t a l b a t e or l y s a l b a t e , t e l lu r ic ac id is r e d u c e d b y h y d r o x y l a m i n e 
on ly o n boi l ing, a s is t e l l u r i u m d iox ide b y h y d r a z i n e h y d r a t e ; in t h e s e cases, t h e 
b r o w n modif ica t ion , a t first fo rmed , c h a n g e s i n t o t h e b l u e a s t h e boi l ing p roceeds . 
A. G u t b i e r a n d F . R e s e n s c h e c k ' s b rown i sh -v io l e t t e l l u r i u m h y d r o s o l is p r o b a b l y 
a m i x t u r e of t h e b r o w n a n d b l u e modi f ica t ions . A s in t h e case of col loidal se lenium, 
t h e l iqu id h y d r o s o l s of t e l l u r i u m , c o n t a i n i n g s o d i u m p r o t a l b a t e or l y sa lba t e , a r e 
v e r y s t ab l e , a n d , o n careful e v a p o r a t i o n , y ie ld t h e solid hydroso l s , wh ich a re soluble 
in w a t e r a n d r e m a i n u n c h a n g e d w h e n h e a t e d t o 100° i n v a c u o . On a d d i t i o n of 
ace t ic ac id t o t h e l i qu id hyd roso l s , t h e solid hyd roso l s c o n t a i n i n g p ro t a lb i c or 
lysa lb ic ac id a r e p r e c i p i t a t e d ; t h e s e c o n t a i n u p w a r d s of 8 0 p e r cent , of t e l lu r ium, 
a n d a r e v e r y s t a b l e w h e n p r o t e c t e d f rom t h e a t m . o x y g e n , t h e b r o w n modif ica t ion 
r e t a i n i n g i t s so lub i l i ty a f te r t h r e e y e a r s . P . P . v o n W e i m a r n a n d B . V. Maljisheff 
o b t a i n e d col loidal t e l l u r i u m b y a d d i n g 0-1 g r m . of t h e e l e m e n t t o 5 c.c. of a boi l ing 
soln . of p o t a s s i u m h y d r o x i d e , s a t . a t t h e o r d i n a r y t e m p . , a n d a d d i n g t h e soln. of t h e 
m e t a l t h u s f o r m e d t o 1000 c.c. of cold w a t e r , t h e m i x t u r e b e i n g s t i r r ed v igorous ly . 
T h e s t a b i l i t y of t h e col loidal t e l l u r i u m soln. d e p e n d s d i r ec t ly on t h e p e p t i z a t i o n 
processes , a n d c a n b e g r e a t l y inc reased . T h e soln . c a n also b e m a d e m o r e s tab le 
b y the addit ion of g e l a t i n or s imi la r s u b s t a n c e s . C. Lievadit i found t h a t a 30 per 
cen t . aq. soln. of d e x t r o s e a d d e d t o a 5 p e r cen t . a q . soln. of s o d i u m te l lur i te , a n d 
heated t o bo i l ing for half a n h o u r , furnishes colloidal t e l l u r ium. 

G. B r e d i g o b t a i n e d a col loidal soln. of t e l l u r i u m b y t h e c a t h o d i c sx>luttering of 
the e lement. E . Miiller and R . L u c a s found t h a t w i t h a n app l i ed e.m.f. of four or 
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more vol ts , in water , a te l lur ium ca thode loses weight , a n d yields a colloidal soln. 
of te l lur ium. The ve ry dil. soln. a re reddish-violet in colour, t h e m o r e cone. soln. 
are b rown a n d opaque . The te l lur ium goes in to soln. w i th a n a p p a r e n t v a l e n c y of 
a b o u t 1-2, which indicates t h a t t h e pulver iza t ion is n o t mere ly mechan ica l . T h e 
dissolution is i ndependen t of the presence of oxygen in soln. a n d is therefore not due 
t o oxida t ion of te l lur ium hydr ide . No hydrogen is evolved a t t h e t e l l u r i u m c a t h o d e . 
T h e phenomena m a y be explained b y assuming t h a t t h e t e l l u r ium goes i n t o soln. 
in t h e form of t h e Te'-ion, which t h e n passes in to b iva l en t t e l l u r ium ions e i the r b y 
di rec t a ssumpt ion of a second charge from t h e electrode or b y t h e r eac t ion 2 T e ' 
= T e + T e " . I n alkaline soln., t h e pulver izat ion t akes p lace also, b u t a lka l i po ly-
tel lurides are also formed. I n acidic soln., hydrogen is evolved a n d on ly a t r a c e 
of pulver iza t ion can be observed, t h e discharge po ten t i a l of h y d r o g e n in t h e acidic 
soln. being lower t h a n t h a t required for t he dissolut ion of t e l lu r ium. A. Gu tb i e r 
a n d 13. Ot tens te in prepared a sol of te l lur ium b y reducing te l lur ic ac id w i t h dex t rose 
in t h e presence of ammonia . The presence of te l lurous acid, a n d abso rbed dex t rose , 
even after dialysis, p robably makes the sol ve ry s table . T h e y also o b t a i n e d a pu rp l e 
colour b y deposi t ing the colloid in s tannic hydrox ide . E . F o u a r d ob t a ined colloidal 
t e l lu r ium b y electrolyzing a soln. of a sal t of t h e me ta l con ta in ing a pu re organic 
colloid (albumin, s tare ft, or gelatin) with a cu r ren t of a few mil l iamperes . A t t h e 
ca thode the meta l ions are neutral ized b y t h e repelled nega t ive ly-charged colloid 
micelles. A colloidal organo-metall ic complex is t h u s formed. T h e a n o d e is 
sepa ra ted b y immersion in. a collodion cell r endered semi-permeable b y p r ec ip i t a t ed 
copper ferrocyanide. The ca thode should b e a b a d conduc tor , so as t o r educe t h e 
f requency wi th which format ion of t h e complex occurs on t h e c a t h o d e . T h e 
flocculation of t he colloidal soln. b y boil ing or b y t h e add i t ion of e lec t ro ly tes w a s 
s tudied b y A. Gutbier , C. PaaJ a n d C. Koch , W . Bil tz, J . J . Doolan, e tc . S. U t z i n o 
observed t h a t t h e m a x i m u m stabi l i ty of colloidal t e l lu r ium g round in t h e so-called 
colloid mill, is no t necessarily ob ta ined wi th t h e finest subdivis ion. R . A u e r b a c h 
s tud ied t h e coloured soln. of te l lu r ium in sulphur ic acid—vide infra, oxysu lpha t e s . 
A. Gutb ie r a n d B . Ot tens te in said t h a t t h e colloidal par t ic les a re nega t ive ly cha rged . 
W . Reinders discussed the d is t r ibu t ion of t h e colloid be tween t w o l iquid so lven ts . 
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§ 3. The Physical Properties of Tellurium 
J . J . Berzel ius 1 descr ibed t e l l u r i um cooled f rom t h e mo l t en s t a t e , as a t in-

wh i t e crys ta l l ine mass w i t h a meta l l ic lus t re , a n d a d d e d t h a t i t is b r i t t l e a n d easily-
powdered ; a n d K. Schelle a d d e d t h a t af ter fusion t e l l u r ium is s i lver-white , a n d if 
fused in sod ium h y d r o s u l p h a t e , a n d cooled in c a r b o n dioxide , a crys ta l l ine s t a r 
resembl ing t h a t of a n t i m o n y is formed. A. W'. W r i g h t said t h a t a t h i n film is dull 
pu rp l e ; a n d D . Gernez, t h a t t h e v a p o u r is golden-yel low or orange -yellow. 
Gr. Magnus said t h a t t e l l u r ium usua l ly occurs mas s ive— co lumnar or g r a n u l a r — d a r k 
grey or b lack in colour. J . C. L*. Schroder v a n der KoIk said t h a t t he s t r eak of 
t e l lu r ium is reddish viole t -grey. W h e n p rec ip i t a t ed b y t h e act ion of air o n a dil. soln. 
of po t a s s ium te l lur ide , b y t h e a d d i t i o n of w a t e r t o a cone, su lphur ic acid soln., or by 
t h e ac t ion of su lphu r d ioxide on a soln. of a te l lur i te , i t furnishes a b r o w n powder . 
N . W . F i scher observed t h a t t h e t e l lu r ium p rec ip i t a t ed b y metals—e.g. zinc, t in , 
i ron, e tc .—from a soln. of t e l lu r ium dioxide in hydroch lor ic acid as a b lack powder , 
which has a meta l l ic lus t re w h e n r u b b e d w i t h a bu rn i sh ing tool ; if p rec ip i t a t ed b y 
lead, t h e t e l l u r ium is dendr i t i c . IX BeI-
j a n k i n sa id t h a t t e l l u r i u m p rec ip i t a t ed 
f rom a lka l ine soln. consis ts of micro­
scopic r h o m b o h e d r a . Ju. P . Sieg said 
t h a t a film of sp lu t t e r ed t e l lu r ium 
p r o b a b l y consis ts of c rys ta l s few or 
m a n y in n u m b e r . W . Phi l l ips m a d e 
some obse rva t ions on t h e n a t u r a l 
crys ta ls , a n d G. R o s e showed t h a t t h e 
n a t u r a l c rys ta l s a re t r igona l w i t h t h e 
axia l ra t ios a : c = l : 1-3298 ; a n d ob­
serva t ions were m a d e b y A. B r e i t h a u p t , 
F . A. Gen th , L.. T o k o d y , G. v o m R a t h , A. des Cloizeaux, J . Loczka , IT. von 
Foul lon , a n d G. Ro l l and . C. Haushofer , a n d F . F o u q u e a n d A. Michel-L.evy, 
descr ibed t h e sub l imed c rys ta l s as r h o m b o h e d r a , a n d G. W . A. K a h l b a u m , as 
hexagona l p r i sms . G. Rose , a n d C. W . Zenger said t h a t t h e crys ta ls ob ta ined b y 
freezing t h e m o l t e n m e t a l a re r h o m b o h e d r a . J . M a r g o t t e t gave a : c = l : 1-33595 
for t h e ax ia l r a t i o of t h e artificial c rys ta l s . G. Rose represen ted t h e hexagonal 
p r i sms of t h e n a t u r a l c rys ta l s b y Fig . 1, a n d t h e c rys ta l s m a y also be acicular and 
those o b t a i n e d f rom soln. of p o t a s s i u m or a m m o n i u m te l lur ide are also needie-iiite, 
K g . 2. 

T h e c rys t a l s show signs of twinn ing . The (211)-cleavage is comple te , a n d the 

F i o . 1 N a t u r a l 
C r y s t a l . 

F I G . 2 .—Crys t a l prec ip i ­
t a t e d f rom P o t a s s i u m 
Te l lu r ide . 
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(111) c leavage is incomple te . L.. P . Sieg found t h a t a sp lu t t e red t u n g s t e n film h a s 
a crystal l ine s t ruc tu re . The X - r a d i o g r a m s ob ta ined b y A. J . B r a d l e y co r r e sponded 
wi th crys ta ls hav ing a sjmce-latt ice w i t h a s imple t r igona l s t r u c t u r e h a v i n g in t e r -
axia l angles a lmos t 90° in which each a t o m is sl ightly displaced t o w a r d s t w o of t h e 
six ad jacen t a t o m s . This furnishes a threefold spiral composed of t h r e e in te r ­
p e n e t r a t i n g simple t r i angu la r lat t ices—vide selenium. M. K . S l a t t e r y found 
t h a t b o t h e lements crystall ize in a s imple t r i angu la r la t t ice w i t h 3 a t o m s assoc ia ted 
wi th each p o i n t of t h e la t t ice . The side a of t h e basa l t r iangle is 4-44 A. ; t h e he igh t , 
Ji, is 5-912 A. ; t h e axia l ra t io , c, 1-33, a n d t h e dens i ty , 6-25. T h e a r r a n g e m e n t of 
t h e a t o m s in t h e space- la t t ice a b o u t t h e p r i sm edge, h9 forms a n ascend ing hel ix , 
wi th a threefold s y m m e t r y , so t h a t each a t o m is exac t ly above t h e t h i r d a t o m below 
in t h e same helix. T h e X-radiograrn does no t dis t inguish b e t w e e n a r igh t - a n d left-
handed screw. The pr isms edge is t h u s a screw-axis ; a n d t h e in t e rac t ions of t h e 
screw-axis wi th t h e basal p lan, form t h e un i t basal t r iangles . T h e r ad iu s of t h e 
helix is 1-20 A., so t h a t th i s represents t h e d is tance from t h e cen t re of each a t o m t o 
t h e axis of t he helix. The shor tes t d is tance be tween t h e a t o m s in t h e s a m e hel ix , 
2-8G A., is less t h a n 3-46 A., t h e shor tes t d i s tance be tween a t o m s in different hel ices. 
This m e a n s t h a t t he a t o m s in t he same helix a re held t oge the r b y cohesive forces 
m u c h grea te r t h a n those b ind ing a t o m s in different helices, a n d t h a t t h e c r y s t a l is 
ha rde r in t h e direct ion of t h e screw axis t h a n perpendicu la r t o i t . T h e un iquenes s 
of th i s axis was emphasized b y A. J . Bradley , a n d R . F . Mehl a n d B . J . Mair , w h o 
showed t h a t i t accounts for m a n y of t h e di rect ional p roper t i e s of t h e t w o e l emen t s , 
a n d t h a t crystal l izat ion is p robab ly preferent ia l a long th i s l ine. Th i s w a s s h o w n 
t o be t h e case b y F . W . Br idgman , who found t h a t t h e t r igona l or screw ax i s lies 
longi tudina l ly in t he casting-—vide infra, S. v o n Olshausen, a n d Cx. W a s s e r m a n n 
m a d e some observat ions on th i s subject ; t h e d a t a were also s u m m a r i z e d b y 
P . P . E w a l d a n d C. H a u s m a n n . W. H u m e - R o t h e r y ,studied t h e l a t t i ce -cons t an t s 
of t h e elements . 

I t is n o t p robable t h a t i somorphism exis ts be tween te l lu r ium a n d arsenic , 
a n t i m o n y , a n d b i smu th ; b u t t e l lu r ium is i somorphous wi th t h e t r igona l fo rm of 
se lenium. The isomorphism wi th selenium was discussed by G. Rose , C. F . R a m m e l s -
berg, P . Groth , W. M u t h m a n n , e tc . J . W. Re tge r s s tud ied t h e i somorph i sm of 
su lphur , selenium, a n d te l lur ium, a n d conc luded t h a t while su lphur a n d se len ium 
showed comple te c rys ta l s imilar i ty , t e l lu r ium was i somorphous w i th ne i the r e lement . 
N o i somorphous mix tu r e s a re formed be tween po t a s s ium te l lu ra t e on t h e one h a n d , 
a n d wi th po t a s s ium su lpha te , selenate , c h r o m a t e , m o l y b d a t e , t u n g s t a t e , m a n g a n a t e , 
or fer ra te on t h e o the r h a n d . N o r could J . F . Norr i s a n d W . A. K i n g m a n p r e p a r e 
i somorphous hydrose lena tes a n d hydro te l lu ra tes . The only case of i somorph i sm 
k n o w n t o J . W. Re tge r s was t h a t be tween t h e sulphides , selenides, a n d te l lur ides 
which crystal l ize in t he cubic sys tem, b u t he a rgued t h a t t h e c rys ta l s in th i s s y s t e m 
h a v e such a h igh degree of crys ta l lographic s y m m e t r y t h a t the i r power t o form 
mixed crys ta ls is n o t a sa t is factory proof of t r u e i somorphism. P o t a s s i u m t e l l u r a t e 
is n o t i somorphous w i th t h e selenate , b u t i t is i somorphous w i th t h e osmia te . T h i s 
wi th t h e a tomic weight of te l lur ium has been used as a n a r g u m e n t for p lac ing 
te l lu r ium m t h e e igh th g roup . T h e i somorphism of c o m p o u n d s of t h e t y p e K ^ T e B r t 
—where b romine m a y be replaced b y chlorine, a n d po t a s s ium b y a m m o n i u m 
r u b i d i u m or caesium—observed b y H . L . Wheeler , a n d W . M u t h m a n n w i t h t h e 
™ Z ^ T ^ s*}*™^ c o m p o u n d a n d wi th t h e analogous p l a t i n u m sal t , is also a 
IW Kl 1 crysta l l iz ing m t h e cubic sys tem. J . F . Norr is a n d R . M o m m e r s found 
^ L S " * ^ U b l e

+
b r 0 ? U ? e ° f P i a t l » u m a n d d ime thy lamine , crystal l iz ing in t h e 

^ ^ ^ ^ 7 1 ? ™ ' 1 S TOf5^ho™ T l t h t h e analogous c o m p o u n d s of se len ium a n d 
tellurium a n d th i s case of i somorph i sm is n o t open t o t h e object ions ra i sed b y 
J. W. ±Cetgers; a n d similar r e m a r k s a p p l y t o t h e i sod imorphism of G Pe l l in i ' s 
S S S F 1 T r ° m 0 t f 1 T 1 I ' [ C « H *>? T e . B r *- F - K *af f t a n d O. S te iner L c u s ^ S h e 
G ^ u l ^ F l T ^ ^ ° f 2 $ ^ ' s t l e ? i U m i \ n d ^ ^ ^ m t h i s family of e l emen t s 
G. Pe l l un a n d G. Vio, a n d Y . K i m a t a found t h a t t h e f .p. cu rve of m i x t u r e s of se len ium 
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a n d t e l l u r i u m show t h a t solid soln. a r e fo rmed in a g r e e m e n t w i t h t h e i somorph i sm 
of t h e t r i gona l fo rms of t h e s e t w o e lements—v ide t e l l u r i u m selenide in t h e preced ing 
c h a p t e r . G. Pel l in i also c a m e t o a s imi lar conc lus ion w i t h r e spec t t o su lphur . Some 
of t h e i s o m o r p h o u s c r y s t a l s h a v e t h e fo rm of r h o m b i c s u l p h u r . A s imilar conclusion 
was d r a w n b y B . Bi l lows. T h e s t r u c t u r e of t h e c rys t a l s of t e l l u r i u m w a s discussed 
b y V. M. G o l d s c h m i d t . 

F r o m t h e vapour dens i ty a t 2100°, H . v o n W a r t e n b e r g found t h e molecular 
we ight t o b e 160. E . Moles found t h e mol . w t . d e d u c e d f rom t h e f .p. a n d con-
d u c t i v i t y of soln. i n s u l p h u r i c ac id t o b e a b n o r m a l . A . J o u n i a u x inferred t h a t 
t e l l u r i u m is m o n a t o m i c a t 357° a n d m o r e c o m p l e x a t lower t e m p . ; i t is d i a t o m i c 
a t a b o u t 1500° . F o r t h e m o l w t . in i od ine soln. , vide infra, t e l l u r i u m ha l ides . 
R . A u e r b a c h ' s c ryoscopic o b s e r v a t i o n s s h o w e d t h a t t e l l u r i u m dissolves as T e i n 
p y r o s u l p h u r i c ac id . T h e specific gravi ty of n a t i v e t e l l u r i u m va r i e s w i t h i t s degree 
of p u r i t y . T h u s , J . L o c z k a g a v e 6-084 ; R . W . K. M a d v o r , 6-2 ; V . R . v o n Z e p h a r o -
v ich , 5-86 ; a n d F . A. G e n t h , 6-275. F o r t h e art if icial c rys t a l s M. H . K l a p r o t h gave 
6-115 ; F . J . Miiller v o n R e i c h e n s t e i n , 6-393 ; J . L o w e , 6-180 ; E . M a t t h e y for 
98-7 p e r c e n t . Te , 6-27 ; G. M a g n u s , 6-1379 ; a n d D . K l e i n a n d L.. Morel , 6 -204-
6-215. J . J . Berze l ius g a v e 6-245 for t h e a v e r a g e of five d e t e r m i n a t i o n s of c rys ta l s 
o b t a i n e d f rom t h e m o l t e n e l emen t , b u t p re fe r red "the h igher v a l u e 6-258 because of 
pores . E . P r i w o z n i k g a v e 6-2459 a t 18-2° for a s a m p l e w h i c h h a d been m e l t e d in 
h y d r o g e n , a n d C. F . R a m m e l s b e r g , 6-38 t o 6-42 ; D . B e l j a n k i n g a v e 6-338 a t 18°-22° ; 
a n d H . F a y a n d C. B . Gillson, 6-243. F o r dis t i l led t e l l u r i u m , V . L e n h e r a n d 
J . L.. R . M o r g a n g a v e 6-194 t o 6 -204—mean 6-199, a n d G. W . A. K a h l b a u m , 6-23538 
a t 20°. D . B e l j a n k i n g a v e 6-157 for t h e s p . gr . of t e l l u r i u m p r e c i p i t a t e d f rom alkal ine 
soln. ; a n d 6-015 a t 20° for a m o r p h o u s p r e c i p i t a t e d t e l l u r i u m . C. F . R a m m e l s b e r g 
g a v e 5*93 for t h e sp . gr . of t h e a m o r p h o u s t e l l u r i u m p r e c i p i t a t e d b y s u l p h u r 
d iox ide ; h e a d d e d t h a t t h e a m o r p h o u s t e l l u r i u m suffers n o c h a n g e if h e a t e d t o 
300° . W . S p r i n g g a v e for t e l l u r i u m w h i c h h a d b e e n s u b j e c t e d t o h igh compress ion , 
a s well a s for t h e e l e m e n t wh ich h a d n o t b e e n c o m p r e s s e d : 

0° 20° 40° 60° 80° 100° 
« ( N o t compressed 6-2322 6-2194 6-2052 6 1 5 0 0 6 1 3 6 6 6-0640 
^P- ^ r - \Compressed . 6-2549 6-2419 6-2294 6-2170 6-303G 6-1891 

M. Li. H u g g i n s ca lcu la ted for t h e a t o m i c radius , 2-46 A. ; J . C. Sla ter , 1-22 A. ; 
a n d W . F . d e J o n g a n d H . W . V. Wi l l i ams , 1-33 A. W . L . B r a g g ca lcu la ted 1-33 A. 
for t h e a t . r a d i u s ; A. F e r r a r i , 3-025 A . E . T . W h e r r y g a v e 0-81 t o 0-89 A. for 
q u a d r i v a l e n t t e l l u r i u m , a n d 0-56 A. for s ex iva l en t t e l l u r i um. F . H . Bur s t a l l a n d 
S. S u g d e n discussed t h e p a r a c h o r of some b i v a l e n t t e l l u r i u m c o m p o u n d s . 

V. L e n h e r a n d co-workers sa id t h a t t h e m e t a l e x p a n d e d s l ight ly af ter solidifi­
ca t ion . E . Cohen a n d J . F . K r o n e r 2 obse rved t h a t t h e t r e a t m e n t t o which t e l l u r i u m 
h a s been sub jec t ed g r e a t l y influences t h e sp . gr . , a n d i t va r i e s b e t w e e n 6-272 a n d 
5-949. Te l l u r i um, p r e p a r e d b y t h e r e d u c t i o n of t e l lu r ic ac id b y h y d r a z i n e s u l p h a t e , 
h a d a sp . gr . of 3-242. Th i s low v a l u e w a s t r a c e d t o occ luded n i t rogen . T h e y 
a s s u m e t h a t t e l l u r i u m exis t s in t w o forms p r e s e n t as d y n a m i c al lotropes in equili­
b r i u m a—Te^/J—Te. T h e v a r i e t y w i t h t h e smal le r s p . gr . is s t ab le a t t h e h igher 
t e m p . T h u s , t h e s p . g r . of a s a m p l e before h e a t i n g t o 350° w a s 6-233, a n d af ter 
h e a t i n g t o t h i s t e m p . , 6-203. A. D a m i e n s sa id t h a t obse rva t i ons on t h e sp . gr . of 
t e l l u r i u m purif ied b y d i s t i l l a t ion in v a c u o , a n d e i the r sub l imed , or s lowly cooled 
f rom t h e m o l t e n s t a t e , l end n o s u p p o r t t o E . Cohen a n d J . F . K r o n e r ' s t h e o r y of 
d y n a m i c a l l o t ropy . S u b l i m e d t e l l u r i u m of sp . gr . 6-310 is n o t c h a n g e d b y pro longed 
h e a t i n g a t v a r i o u s t e m p . T e l l u r i u m p r e p a r e d i n o t h e r w a y s m a y a p p e a r t o h a v e 
a smal le r sp . gr . owing t o i t s po ros i ty . A m o r p h o u s t e l lu r ium, of sp . gr. 5-85 to 5-87, 
is t r a n s f o r m e d b y h e a t i n t o c rys ta l l ine t e l l u r ium, a n d h e a t is evolved du r ing t h e 
t r a n s f o r m a t i o n . W . H a k e n r e p o r t e d t h a t t h e e lectr ical c o n d u c t i v i t y i nd i ca t ed t h e 
ex is tence of t w o alio t r o p i c fo rms w i t h a t r a n s i t i o n t e m p , a t 354° ; b u t A. D a m i e n s 
inferred f rom o b s e r v a t i o n s on t h e sp . gr. , r a t e of cooling a n d hea t ing , sp . lit . a n d h e a t 
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of react ion, t h a t t he ana logy between t h e allotropy of su lphur a n d t e l l u r i u m does 
n o t a p p l y since te l lu r ium is charac ter ized b y t h e exis tence of a single c rys ta l l ine 
form. A t t e m p t s b y H . S taud inger a n d W . Kre is t o p r e p a r e solid r ed t e l l u r i u m 
b y cooling t h e vapou r a t 1000° in l iquid air were unsuccessful. C. del F r e s n o , a n d 
I . T. Sas lavsky s tud ied t h e a t . vol . of t e l lu r ium in i t s c o m p o u n d s . Li. S. R a m s d e l l 
ca lcula ted 1-27 A. for t h e a tomic rad ius ; H . G. G r i m m m a d e obse rva t ions o n t h i s 
subject . 

M. Toepler 3 observed a n i r regular i ty in t h e vol . changes of t e l l u r i u m as i t cools 
from t h e mol ten s t a t e , a n d th i s he a t t r i b u t e d t o t h e fo rma t ion of a n a m o r p h o u s 
p las t ic v a r i e t y of t e l lu r ium j u s t before i t solidifies. J . R . R y d b e r g gave 2-3 for t h e 
hardness of t e l lu r ium (d iamond 10). P . Sa ldau gave 18-43 k g r m s . p e r sq. m m . for 
t h e ha rdness of te l lur ium w h e n t h a t of lead is 3-92 k g r m s . per sq. m m . E . S c h m i d 
a n d G. W a s s e r m a n n discussed t h e percussion figures of t h e c rys ta l s , a n d also t h e 
p las t ic deformat ion. P . W . B r i d g m a n found t h e cubic compress ibi l i ty t o b e 
0*0000024: kg rm. per sq. cm. ; Poisson's ratio, 0-33 ; t h e tensi le s trength exp res sed 
as a b reak ing load in tens ion was 115 kg rms . per sq. cm. A piece of t e l l u r i u m wire 
8 cms . long a n d 0*0348 cm. d iameter , fas tened r igidly a t one end , a n d b e n t b y a 
weight a t t h e other , showed a m a x i m u m p e r m a n e n t set of 0*11 cm. , a n d b r o k e u n d e r 
a deflection of 1*82 cm. The br i t t leness is ex t r eme for a me ta l , b u t is n o t as h igh 
as for glass. P . W. "Bridgman measured t h e e last ic cons tant s ; h e found t h e in i t i a l 
l inear compressibil i ty, j> in kgrms . per sq. cm., for angle c rys ta l s t o be , a t 30° , 
— 4-11 X 10~ 7 when parallel, a n d 27*48 X 1 0 ~ 7 when ver t ica l t o t h e t r i gona l a x i s ; 
a t 30°, when perpendicular t o t h e t r igonal axis — -o7/Z=27-48 x 10~ 7 p— 52*7 X 10~12/>* 
a t 30°, a n d a t 75°, 2 7 - 7 x 1 0 - ^ — 5 3 * 6 x 1 0 - 2 a t 75° ; a t 75°, w h e n para l le l t o t h e 
t r igonal axis, ~f-SZ//=4-137 X J O - ^ - 9 - 6 X IQ-mpZ, a n d a t 75°, 5 1 3 2 X l O " ^ 
— 13-2XlO- 1 2Jy 2 . The r emarkab le fact is t h a t t h e compress ib i l i ty a long t h e 
t r igonal axis is negat ive , so t h a t when t h e crys ta l is subjec ted t o h y d r o s t a t i c p r e s s . 
all over, i t e longates along t h e t r igonal axis . The cubic compress ib i l i tv is n o r m a l 
— StYi-O- 5 0 * 8 2 x 1 0 - 7 ^ —101-1 X 10-i2p2 a t 30°, a n d 50*41 x 10~7^— 85 r6 X lQ-i*p* 
a t 75°. The cubic compressibi l i ty t h u s decreases wi th rise of t e m p . R . F . Mehl a n d 
B . J . Mair explain th is as follows : 

I t is ev ident that tints crystal structure is riot closely packed, and it is conceivable that 
a change in either of the major dimensions, that of the side of the unit basal triangle, a, 

or that of the prism edge, h, should cause a change 
in density resulting merely from a difference in the 
closeness of the packing of the a toms , the t w o inter­
atomic distances remaining unchanged. In such 
a process a lengthening of the pr ism edge , h, would 
cause a shortening of a and also a shortening of t h e 
radius of the helix. If such an e longat ion would 
result in an increase in densi ty , i t is entirely reason­
able t o suppose t h a t an increase in press, tending 
towards an increase in density , would in fact cause a 
lengthening of this axis , with an a t t endant shortening 
of the other two dimensions. Such a lengthening 
would obviously cause the abnormal coeff. observed 
b y P. W. Bridgman. F ig . 3 shows a curve represent­
ing densi ty as a function of the height of the uni t 
prism. The values from which the curve was p lo t ted 
were calculated by taking a series of va lues for h 
and keeping the inter-atomic distances, 2-86 A . and 
3-46 A. , unchanged, calculating t h e radius of the 
hel ix and the side of the unit basal triangle, a, and 

mi t̂ x - - from these the dens i ty of the hypothet ica l crystal 
The c u r v e p a ^ e s t h r o u g h a m i n i m u m at a dens i ty s l ightly greater than 6-20, corresponding 
to a va lue for h of 5-55 A . For a prism of height less t h a n 5 5 5 A. an increase in p r e S ! t e n d ? 
m g t o cause an increase in dens i ty could do so on ly by shortening H9 the t w o interatomic 
d is tances remaining unchanged, an d the screw-axis would there/ore show the usual pos i t ive 
compressibi l i ty coefT. On the other hand, if the value for /* lay t o the riffht of Gr55 A 
an increase in press, would cause a lengthening in H9 s ince such a process would result in an' 
increase in dens i ty . T h e actual va lue of h for tel lurium, indicated b y the arrow in the 

*•# 5*0 5-2 W o-6 SS 6-0 62 6-4 Te 
*2 4-4+-6+-8 S-O 52 5* &6 S-SSe 

//e/gfits af i/zr/t pr/sms A 
F I G . 3.—Calculated Densit ies of 

Tel lurium and Selenium wi th 
Space-Latt ices of Different 
H e i g h t s . 
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figure, is 5*93 A . a n d i s t h e r e f o r e t o t h e r i g h t of t h e m i n i m u m , so t h a t a n inc rease in p r e s s , 
s h o u l d c a u s e a n i n c r e a s e i n h9 o r , i n o t h e r w o r d s , a n e g a t i v e compres s ib i l i t y cpeff. a l o n g t h i s 
a x i s . 

M e a s u r e m e n t s h a v e n o t b e e n m a d e w i t h se len ium, b u t H . F . Mehl a n d B . J . Mair , 
a p p l y i n g t h e s a m e a r g u m e n t , s t a t e : 

T h e a c t u a l v a l u e for h, i n d i c a t e d b y t h e a r r o w , d o t t e d l ine . F i g . 3 , a p p e a r s t o lie v e r y 
s l i gh t ly t o t h e lef t of t h e m i n i m u m , a n d t h e r e f o r e , t h e h e i g h t of t h e u n i t p r i s m w o u l d v e r y 
l ike ly d e c r e a s e w i t h t h e a p p l i c a t i o n of p r e s s , ( a s s u m i n g , of cou r se , t h a t t h e l a t t i c e d i m e n s i o n s 
u s e d in t h e c a l c u l a t i o n s a r e c o r r e c t ) ; b u t s ince t h e s c r ew-ax i s is i n a s t a t e of g r e a t e r com­
pre s s ion t h a n t h e t r i a n g u l a r a x e s t h e c o m p r e s s i b i l i t y a l o n g t h i s a x i s is p r o b a b l y low. 
R e s i s t i n g t h e e l o n g a t i o n (or c o n t r a c t i o n ) of t h e h e l i x u p o n t h e a p p l i c a t i o n of p r e s s . , t h e r e 
is t h e t e n d e n c y w i t h i n t h e l a t t i c e t o m a i n t a i n t h e a n g l e f o r m e d b y a n y t h r e e a t o m s in t h e 
s a m e h e l i x a t (for t e l l u r i u m ) 126*5°, a n d t h i s t e n d e n c y d o u b t l e s s b e c o m e s m o r e a n d m o r e 
u r g e n t a s t h e a n g l e d e p a r t s f u r t h e r a n d f u r t h e r f r o m t h i s v a l u e , so t h a t i t m a y b e a s s u m e d 
t h a t t h e a d j u s t m e n t of d e n s i t y b y t h e l e n g t h e n i n g or s h o r t e n i n g of t h e he l ix m e e t s w i t h 
i nc reas ing r e s i s t a n c e a s t h e p r e s s , r i ses . I t i s t h i s r e s t r a i n t w h i c h p r e v e n t s t h e he l ix f rom 
s t r a i g h t e n i n g c o m p l e t e l y u p o n t h e f irs t a p p l i c a t i o n of p r e s s . 

H . F i z e a u g a v e c t=0 -00001675 for t h e eoeff. of thermal expans ion—linea r— 
b e t w e e n 0° a n d 40° ; a n d 0-00001732 b e t w e e n 0° a n d 50° ; whi l s t W . Spr ing gave 
for coeff. of cubica l e x p a n s i o n 0-043440 b e t w e e n 0° a n d 20° ; 0-043737 b e t w e e n 0° 
a n d 60° ; a n d 0-043687 b e t w e e n 0° a n d 100°. P . W . B r i d g m a n g a v e for t h e l inear 
t h e r m a l e x p a n s i o n a t 20° — l - 6 x ! 0 ~ 6 w h e n para l le l a n d 27-2 X 1 0 ~ 6 w h e n 
pe rpend i cu l a r t o t h e t r i g o n a l ax i s . E . J a n n e t a z found t h a t t h e r a t i o of t h e sq. roo t 
of t h e thermal conduct iv i ty , ky9 in t h e d i rec t ion of t h e p r inc ipa l ax is , a n d ka, in 
t h e d i rec t ion of t h e ba se , is (haJky)* = 0 - 8 1 . H . K o p p g a v e 0-0475 for t h e specific 
hea t ; H . V . R e g n a u l t , 0-0474 for dis t i l led t e l l u r ium, a n d 0-0516 for t h a t p re ­
c i p i t a t e d b y s u l p h u r d iox ide ; M. B e r t h e l o t a n d C. F a b r e g a v e 0-0483 for fused 
t e l l u r i u m s lowly cooled, 0-0524 for t h a t p r e c i p i t a t e d b y s u l p h u r d ioxide , a n d 0-0518 
for t h a t d is t i l led i n a c u r r e n t of s u l p h u r d iox ide ; A. W i g a n d , for c rys ta l l ine 
t e l l u r i u m b e t w e e n 15° a n d 100°, g a v e 0*0483, a n d for a m o r p h o u s t e l l u r ium, 0 0 5 2 5 ; 
a n d Gr. W . A . K a h l b a u m a n d co-workers , 0-04878 for t h a t dis t i l led in v a c u o . 
W . A. T i lden g a v e 0-0469 b e t w e e n —182° a n d 15° ; 0-0483, b e t w e e n —15° a n d 100° ; 
0-0487, b e t w e e n —15° a n d 200° ; a n d 0-0500, b e t w e e n —15° a n d 380°. J . D e w a r 
gave 0-0288 b e t w e e n —253° a n d —196° . T h e co r r e spond ing a t o m i c h e a t s a re 
3-68 b e t w e e n —253° a n d —196° ; 5-98 b e t w e e n —182° a n d 15° ; 6-16 b e t w e e n 15° 
a n d 100° ; a n d 6-38 b e t w e e n 15° a n d 380° . E . Adinolefi * found t h a t t h e sp . l i t . 
of t e l l u r i u m is i nc reased b y a b o u t 8 p e r cen t , a f ter e x p o s u r e t o t h e X - r a y s , a n d th i s 
is a t t r i b u t e d t o a c h a n g e in t h e s t r u c t u r e of t h e e l e m e n t . T h e re la t ions of t h e 
sp. h t . were s t u d i e d b y I . Mayde l . 

T . Carne l ley a n d W . C. Wi l l i ams found t h e m e l t i n g point of t e l l u r i u m t o b e 
b e t w e e n 452° a n d 455° ; R . P i c t e t , 525° ; H . F a y a n d co-workers , a n d S. U m i n o . 
446° ; K . M o n k e m e y e r , 428° ; W . Gue r t l e r a n d M. P i r a n i , 450° ; I I . P e l a b o n , 452° ; 
W . R . M o t t , 452° ; W . Bi l t z a n d W . Meck lenburg , 455° ; M. Chikashige , 438° ; 
M. K o b a y a s h i , 437° ; a n d E . M a t t h e y , for 97-O pe r cen t . Te , 450°. A. D a m i e n s 
gave 453° for t h e m . p . , a n d obse rved n o b r e a k in t h e h e a t i n g or cooling cu rve 
b e t w e e n t h i s t e m p , a n d t h e o r d i n a r y t e m p . W . Gruertler a n d M. P i r a n i g a v e 450° 
for t h e b e s t r e p r e s e n t a t i v e v a l u e . A . S i m e k a n d B . S teh l ik g a v e 452° for t h e m . p . 
in v a c u o ; in h y d r o g e n , t h e m . p . is lowered 0-15°, a n d in c a r b o n d ioxide 0-2°. There 
is a m a r k e d c o n t r a c t i o n d u r i n g t h e freezing of t h e mothe r - l i qu id , a n d wi th slow 
cooling, a c a v i t y is f o rmed in t h e m i d d l e of t h e m a s s ; a n d if qu ick ly cooled, 
t h e sur face freezes first, a n d n u m e r o u s smal l cav i t i e s fo rm in t h e inter ior . If 
t e l l u r i u m b e m e l t e d in a glass vessel , t h e glass is incl ined t o s h a t t e r on cooling 
owing t o t h e f o r m a t i o n of p o r e s b e t w e e n t h e c rys t a l s p r o d u c i n g a n a p p a r e n t 
e x p a n s i o n . H . Ca r l sohn f o u n d t h a t t h e m . p . of t e l l u r i u m c o m p o u n d s does n o t 
foliow t h e a d d i t i v e ru l e . J . J . Berze l ius sa id t h a t t e l l u r i um boils a t a t e m p . 
h ighe r t h a n t h e sof ten ing t e m p , of glass, a n d i t is c o n v e r t e d i n to a yel low v a p o u r , 
t h e colour of ch lor ine . M. H . K l a p r o t h a d d e d t h a t when h e a t e d t o redness in 
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a r e to r t , t h e t e l lu r ium subl imes in to t h e neck in t h e fo rm of sh in ing d r o p s . 
F . Wohler , a n d A. Oppenhe im distilled t h e e l emen t m a porce la in r e t o r t a t a 
red-hea t , J . J . Berzelius distilled i t in a c u r r e n t of h y d r o g e n ; a n d A. Schul le r 
ob t a ined well-defined crys ta ls b y dist i l la t ion in v a c u o . I i . S t a u d e n m a i e r o b s e r v e d 
t h a t a l i t t le volat i l izat ion occurs a t 300° ; H . S t . C. Devi l le a n d Ts. T r o o s t g a v e 
1390° for t h e boi l ing point ; a n d W . R . Mot t , 1390° ; whi le F . Kra f f t a n d L . Merz 
a d d e d t h a t in t h e v a c u u m of a c a t h o d e l igh t m a r k e d s u b l i m a t i o n occurs a t 430 , 
a n d t h e b . p . a t 58 m m . press , is 478°. J . J o I y obse rved t h a t s u b l i m a t i o n of t e l l u r i u m 
d iox ide occurs a t 850° w i t h na t i ve te l lu r ium, a n d a t 700° w i t h pur i f ied t e l l u r i u m ; 
a n d of t h e monox ide , respect ively a t 525°, a n d 470°. J . J . D o o l a n a n d J . R . P a r t ­
i ng ton found t h e vapour pressure of t e l lu r ium t o b e 0*0186 a t m . a t 671° ; 0-00440 a t 
578° ; a n d 0-000610 a t 488°. T h e cor responding l a t e n t h e a t of vo la t i l i za t ion is 
24-7 CaIs. per mol . be tween 578° a n d 671°, a n d 28-2 CaIs. p e r mo l . b e t w e e n 488° a n d 
578°—assuming t h e d ia tomic Te 2 -molecule . T h e m e a n v a l u e is 26-5 CaIs. p e r m o l . 
H . Bil tz ob ta ined a vapour density of 9 1 3 a t 1880° co r r e spond ing w i t h t h e Tea-
molecule . H e a d d e d t h a t H . S t . C. Devil le a n d L . T r o o s t ' s d e t e r m i n a t i o n s a r e 
i naccu ra t e . H . Pc labon ca lcula ted t h e l a t e n t heat of fus ion t o b e 20 t o 21 CaIs. 
p e r mol . W . H e r z gave 7-4 CaIs. pe r g r a m ; a n d S. U m i n o , 33*5 cals . p e r m o l . 
J . J . v a n L.aar discussed t h e equa t ion of s t a t e of t h e solid. 

M. Ber the lo t a n d C. F a b r e found t h e hea t of s o l u t i o n of t e l l u r i u m in b r o m i n e 
a n d b romine wa t e r is 66*7 Cals. in t h e case of c rys ta l l ine t e l l u r i u m ; 42-6 Cals . i n 
t h e case of t e l lu r ium p rec ip i t a t ed b y su lphu r d iox ide ; 66-7 Cals . for t e l l u r i u m 
p rec ip i t a t ed b y oxygen f rom p o t a s s i u m te l lur ide ; a n d 67-0 Cals. for t e l l u r i u m 
s e p a r a t e d b y oxygen from h y d r o g e n te l lur ide . Te l lu r ium s e p a r a t e d f rom ferr ic 
chlor ide b y hydrogen te l lur ide is c rys ta l l ine . Te l lu r ium r a p i d l y cooled f rom t h e 
m o l t e n s t a t e develops 41-4 t o 58-1 Cals. i nd ica t ing t h a t i t is a n indef ini te m i x t u r e 
of a m o r p h o u s a n d crysta l l ine t e l lu r ium. T h e ca lcu la ted hea t of crystal l izat ion f rom 
a m o r p h o u s se lenium is t h u s 12-096 cals. for 64 g rms . , b u t A. D a m i e n s o b t a i n e d 2*63 
cals . for t h i s cons t an t . S. U m i n o gave 0-63 cal. pe r mo l . for t h e h e a t of t r a n s ­
format ion a t 348°. Gr. N . Lewis a n d co-workers g a v e 12*8 for t h e entropy of t e l ­
l u r i u m a t 25°, a n d B . Bruzs , 17-2 a t t h e m . p . E . K o r d e s ca lcu la t ed 1-63 for t h e 
ra t io Qcai»,/T for Te , and 6-52 for Te 4 . W . H e r z s t ud i ed t h e sub jec t . J . E r a n c k 
ca lcu la ted 69 Cals. for t h e work of dissociat ion of T e 2 ; a n d V. Kondra teef f , 65 Cals . 

C. C u t h b e r t s o n a n d E . P . Metcalfe 5 found t h e index of refraction of t e l l u r i u m 
v a p o u r t o be 1-002620 for A—546^/x ; 1-002495 for A=589-3 jLt/x ; a n d 1 0 0 2 3 7 0 for 
A—656-3^^. H . F . Miller found t h a t t h e refract ive indices for single c rys t a l s w i t h 
t h e l ight para l le l a n d pe rpend icu la r t o t h e p l ane of inc idence a re , respec t ive ly , 
1*9 a n d 1-7. T h e whole r ange of wave- l eng th , L . P . Sieg a n d Gr. D . v a n D y k e g a v e 
2*50 t o 3-14 a n d 2-05 t o 2-68 respec t ive ly w h e n t h e l igh t falling o n one of t h e 
h e x a g o n a l faces is po lar ized w i t h t h e electr ic v e c t o r r espec t ive ly para l l e l a n d 
pe rpend i cu l a r t o t h e p r inc ipa l c rys t a l axis . T h e a b s o r p t i o n c o n s t a n t s a r e r e spec­
t ive ly 0-40 t o 0-56, a n d 0-54 t o 0-67. Obse rva t ions were also m a d e b y A. H . P f u n d , 
a n d E . O. H u l b u r t . W . W . Coblentz gave for t h e p e r c e n t a g e reflecting power , It9 
of t e l l u r i u m for r a y s of w a v e - l e n g t h A : 

A . . O-6/x O-8/A 1-Of* 2-0/* 4-0/x 7-0/x 
H . - 4 9 4 8 5 0 5 2 5 7 6 8 p e r c e n t . 

R . F . Miller found t h a t t h e reflecting powers of single c rys t a l s w i t h t h e c r y s t a l 
a x i s para l le l a n d p e r p e n d i c u l a r t o t h e p l a n e of inc idence respec t ive ly a r e 2-9 a n d 2*7 
o v e r t h e whole r a n g e of w a v e - l e n g t h s ; L . P . Sieg a n d G. I ) . v a n D y k e g a v e 0-28 t o 0*34 
a n d 0-26 t o 0-30 w h e n t h e l igh t falling o n one of t h e h e x a g o n a l faces is po la r ized w i t h 
t h e electr ic v e c t o r r espec t ive ly para l le l a n d p e r p e n d i c u l a r t o t h e p r inc ipa l c r y s t a l 
a x i s . F r o m o b s e r v a t i o n s o n t h e ha l ides a n d o rgan ic t e l l u r i u m c o m p o u n d s , G. Pe l l in i 
a n d A. Men in found t h e a t o m i c refraction w i t h t h e y^-formula t o b e 32-06-33-81 , 
a n d w i t h t h e /x 2 - formula 15-28-16-66. J . E . C a l t h r o p s t u d i e d t h e r e l a t i on b e t w e e n 
t h e a t . vol . , a n d t h e i n d e x of ref rac t ion. K . S p a n g e n b e r g c o m p a r e d t h e m o l , 
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refract ions of t h e ox ides , su lph ides , selenides, a n d te l lu r ides . M. A, S h i r m a n n 
s t u d i e d t h e p o l a r i z a t i o n of l i g h t b y s u b microscopic pa r t i c l e s of t e l l u r ium. 

R . T . S immle r 6 ob se rved t h a t t h e flame sp ec t ru m of t e l l u r i u m in a colourless 
gas-f lame is c o n t i n u o u s , a n d a s imi la r r e su l t -was o b t a i n e d b y G. W e r t h e r ; 
A. Mi tscher l ich a l so o b s e r v e d t h a t t h e s p e c t r u m of t h e v a p o u r of t e l l u r i u m in b u r n i n g 
h y d r o g e n is c o n t i n u o u s . T h e f lame s p e c t r u m of t e l l u r i u m w a s also e x a m i n e d b y 
G. Sale t , W . N . H a r t l e y , a n d J . M. E d e r a n d E . V a l e n t a . T h e spark spec trum of 
t e l l u r i u m b e t w e e n e lec t rodes of t h a t e l e m e n t w a s o b s e r v e d b y W . A. Miller, 
W . H u g g i n s , R . J . !Lang, H . N a g a o k a a n d co-workers , L*. a n d E . Block, A. M. Vieweg 
a n d co-workers , J . C. M c L e n n a n a n d A. C. Lewis , a n d T . R . R o b i n s o n . As in t h e 
case of su lphu r , t e l l u r i u m furn ishes t w o s p e c t r a — t h e l ine, a n d t h e b a n d spec t r a . 
T h e l ine spec trum of t e l l u r i u m o b t a i n e d b y t h e gas d i s cha rge b e t w e e n t e l l u r i u m 
e lec t rodes w a s m e a s u r e d b y H . T h a l e n , A. D i t t e , Gr. Sa le t , R . C a p r o n , G. L . Ciamic ian , 
W . N . H a r t l e y , W . N . H a r t l e y a n d W . F . A d e n e y , R . J . L a n g , E . D e m a r c a y , C. R u u g e 
a n d F . P a s c h e n , A. d e G r a m o n t , F . E x n e r a n d E . H a s c h e k , P . K d t h n e r , P . G. N u t t i n g , 
A. H a g e n b a c h a n d H . K o n e n , E . Go lds t e in , a n d J . M. E d e r a n d E . V a l e n t a . T h e 
p r inc ipa l l ines in t h e vis ible r eg ion a r e 6438 in t h e red , 6040-7, 6011-3, 5974, a n d 5936 
in t h e orange-ye l low ; 5982 , a n d 5756 i n t h e ye l low ; 5707, a n d 5648 i n t h e yel lowish-
green ; 5575 , 5489, 5478 , 5448, 5367, 5 3 1 1 , 5218, 5153 , a n d 5105 in t h e g reen ; 4302, 
4275, a n d 4260 i n t h e ind igo-b lue ; a n d 4 2 2 1 , 4062, 4055 , 4006, 3984, a n d 3969 in 
t h e v io le t . W . L . D u d l e y a n d E . V. J o n e s f o u n d t h a t t h e s p a r k s p e c t r u m r e m a i n e d 
t h e s a m e af ter t h e e l e m e n t h a d been f r ac t iona l ly p r e c i p i t a t e d b y h y d r a z i n e h y d r o ­
chlor ide t w e n t y t i m e s . E . J . All in s t u d i e d t h e u n d e r - w a t e r s p a r k s p e c t r u m . T h e 
arc spec trum w a s e x a m i n e d b y F . E x n e r a n d E . H a s c h e k , A. H a g e n b a c h a n d 
H . K o n e n , H . S. U h l e r a n d R . A. P a t t e r s o n , M. K i m u r a , J . S t a r k a n d R . ICiich, 
E . Gehrcke a n d O. v o n B a e y e r , a n d J . M. E d e r a n d E . V a l e n t a . T h e band spec trum 
w a s o b t a i n e d b y Gr. Sa l e t b y pas s ing a s p a r k t h r o u g h t h e vapour , of t e l l u r i u m . 
D . Gernez o b t a i n e d a n absorpt ion spec trum, e x t e n d i n g f rom t h e yel low t o t h e violet , 
b y pass ing l i gh t t h r o u g h t h e v a p o u r of t e l l u r i u m in a n atnu-spf c a r b o n d iox ide . T h e 
a b s o r p t i o n s p e c t r u m w a s s t u d i e d b y A. W . W r i g h t , J . J . D o b b i e a n d A. J . F o x , 
J . C. M c L e n n a n a n d R . F . B . Cooley, B . R o s e n , A . Michael is , R . V. Z u m s t e i n , 
E . R i i t t e n , C. H . C a r t w r i g h t , a n d W . F r i e d e r i c h s ; a n d t h e b a n d s p e c t r u m , b y 
R . Mecke. F . K . Bel l e x a m i n e d t h e u l t r a - r e d a b s o r p t i o n s p e c t r u m of o rgan ic s u l p h u r 
comj>ounds. T h e ref lection s p e c t r u m w a s e x a m i n e d b y J . T r o w b r i d g e a n d 
W. C. Sabine; the cathode ray spectrum, by P. Lewis; the emission spectrum 
of t h e v a p o u r b y E . P a t e r n o a n d A. Mazzucchel l i ; a n d t h e r e sonance s p e c t r u m , by 
B . Rosen , w h o g a v e y = < x — 2 5 0 ' 4 n + 0 - 5 3 n * , w h e r e <x-=23930, 25451 a n d 22411 respec­
t ive ly for t h e exc i t ing m e r c u r y l ines 4359 A. , 4046 A. , a n d 5461 A. T h e u l tra-v io le t 
spectrum is p a r t i c u l a r l y r ich in l ines. I t w a s o b s e r v e d b y F . E x n e r a n d E . H a s c h e k , 
A. Gr i inwald , R . J . L a n g , P . L a c r o u t e , R . V. Z u m s t e i n , a n d V. S c h u m a n n . 
J . C. M c L e n n a n a n d co-workers , H . Schu le r a n d H . Br i ick , E . V. C o n d o n a n d 
Gr. H . Shor t l ey , A. P o r z e b o r s k y , a n d R . C. G i b b s a n d A. M. Vieweg discussed t h e 
structure of t h e a rc s p e c t r u m . R . J. L a n g d iscussed t h e ser ies spec trum. 

Accord ing t o W . S t e u b i n g , 7 t h e v a p o u r s of t h e four e l e m e n t s of t h e s u l p h u r 
fami ly show a m a r k e d fluorescence d i scussed i n connec t i on w i t h se len ium, a n d 
s imilar ly also w i t h t h e obse rva t ions of D . Dies te lmeier , H . R . Pogorze l ska , a n d 
B . R o s e n ; J . C. M c L e n n a n a n d co-workers s t u d i e d t h e fluorescence s p e c t r u m of 
t e l l u r i u m v a p o u r . H . R . Pogorze l ska e x a m i n e d t h e b a n d e d fluorescence of t h e 
r e sonance s p e c t r u m of t e l l u r i u m v a p o u r . W . S t e u b i n g found t h a t a m a g n e t i c field 
h a s no effect on t h e i n t e n s i t y of t h e r e sonance a n d fluorescent spec t r a . W. Kesse l 
also s t u d i e d t h e r e sonance s p e c t r u m ; a n d A. S m e k a l , t h e R a m a n effect. 

T h e K-ser ies i n t h e X - r a y s p e c t r u m of t e l l u r i u m w a s obse rved b y F . C. B l a k e 
a n d W . Duane,** A. Le ide , S. B j o r c k , B . W a l t e r , B . B . R a y , M. S iegbahn , K . C h a m b e r ­
la in a n d G. A. L i n d s a y , M. S i e g b a h n a n d B . J o n s s o n , a n d t h e r e occur t h e lines 
0456<x,a ; a n d 0404/8,J3. T h e L-ser ies w a s m e a s u r e d b y D . Coster , Y . Ni sh ina , 
A. Le ide , B . B . R a y , E . H j a l m a r , K . C h a m b e r l a i n a n d G. A . L i n d s a y , S. B jorck , 
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M. L i n d s a y , M. S iegbahn , a n d H . H i r a t a . T h e y inc lude 3-2910Oa2O.1 ; 3-28199cxa ; 
3-06997/3/3 ; 2-877£ 2y ; 2-70647y2S ; 3 0 4 0 0 4 £ 4 y ; a n d 300133£3<£. S. B jo rck , 
a n d Y . N i s h i n a also m e a s u r e d t h e M-, N - , a n d O-series. W . H e r z g a v e 2-43 X 10 1 2 

for the vibration frequency. 
H . Miiller 9 obse rved t h a t t h e exposu re of t e l l u r ium t o i n t ense ct-rays d i d n o t 

affect t h e i n d u c e d radioact ivi ty . N . Pil tschikoff s t u d i e d t h e Moser r a y s e m i t t e d b y 
t e l l u r ium ; a n d T. Pavo l in i , a n d R . S. B a r t l e t t , t h e photoe lec tr ic effect of t e l lu r ium 
films. E . R u p p s tud i ed t h e abso rp t ion of slow e lec t rons b y t e l lu r ium. B . R o s e n 
discussed t h e r e sonance po ten t i a l s . G. P icca rd i ca lcu la ted 8-43 vo l t s for t h e 
ion izat ion potent ial . E . R a b i n o w i t s c h a n d E . Thi lo s t ud i ed t h e sub jec t . J . Vrede 
found t h a t t e l l u r i um is n o t a good radio-detector . 

A. de la R i v e 1 0 no t i ced t h a t t e l l u r i u m is electrified b y r u b b i n g i t w i t h wool ; 
a n d P . E . S h a w a n d C. S. J e x said t h a t t h e t r iboe lec t r ic i ty a cqu i r ed w i t h glass is 
nega t i ve . K . F . Herzfe ld discussed t h e meta l l ic c o n d u c t i v i t y of t e l l u r i u m . 
P . W . B r i d g m a n sa id t h a t t h e electr ical p rope r t i e s of t e l l u r i um a re u n u s u a l a n d 
v a r i a b l e ; i t is se ldom t h a t t w o observers o b t a i n t h e s a m e numer i ca l va lues for a n y 
of i t s p rope r t i e s . This is t a k e n t o m e a n t h a t t e l l u r i u m u n d e r o r d i n a r y cond i t ions 
c o n t a i n s t w o modif icat ions in u n s t a b l e equi l ib r ium, a n d t h e p r o p o r t i o n s of t h e 
t w o forms change g rea t ly w i t h t h e m a n n e r of t r e a t m e n t — t h u s , t h e t e m p , coeff. 
of t h e s a m e piece m a y be pos i t ive or n e g a t i v e accord ing t o i t s t r e a t m e n t . 
A. Ma t th i e s sen said t h a t t h e electrical conduct iv i ty is such t h a t if s i lver a t 0° b e 
100, t h a t of t e l l u r ium is 0 0 0 0 7 7 7 a t 19-6°. This w o r k s o u t a t a b o u t 0*000466 m h o 
a t 19-6° (silver 6 0 x l 0 ~ 4 ) , or r o u g h l y a n e lectrical res is tance of 2000 o h m s . 
P . W . B r i d g m a n gave for t h e sp . res i s tance of s imple c rys ta l s a t 20°, 56,000 o h m s 
w h e n para l l e l a n d 154,000 o h m s w h e n ver t i ca l t o t h e chief ax i s . A. M a t t h i e s s e n 
a n d M. v o n Bose a d d e d t h a t -when h e a t e d , t h e res i s tance increases wi th t e m p , u p 
t o 70°—80°. A. Schulze gave 2*1 for t h e r a t i o of t h e res i s tance i n t h e solid a n d 
l iqu id s t a t e ; A. Gi in ther -Schulze m a d e some obse rva t ions on th i s sub jec t . F . E x n e r 
sa id t h a t a t 20° t h e c o n d u c t i v i t y is O-00293 if t h e e l emen t h a s been r a p i d l y cooled, 
a n d , if s lowly cooled, 0-00437. H e found t h a t t h e res i s tance R, a r b i t r a r y un i t s , of 
a r o d w a s ; 

2 0 ° 
7 0 7 

50° 
7-86 

101° 
8 1 0 

180° 
5 -25 

290° 
4 - 4 0 

182° 
5-21 

100° 
1 4 - 7 5 

51° 
3 1 - 1 

2 2 ° 
4 0 0 R 

T h e de ta i l ed resu l t s a re p l o t t e d in F ig . 4. T h e res i s tance increases a s t h e t e m p 
rises t o a b o u t 140°, a n d t h e n falls u p t o 200° ; as t h e t e m p , falls f rom 200°, t h e 

res i s tance increases s t ead i ly so t h a t a t o r d i n a r y 
t e m p , i t is n ine t i m e s a s g r e a t as i t was a t 200°, 
a n d four t o six t i m e s as g r e a t as i t w a s in i t ia l ly 
a t o r d i n a r y t e m p . On r e p e a t i n g t h e e x p e r i m e n t 
t h e m a x i m u m no longer a p p e a r s , b u t t h e resis t­
ance s tead i ly decreases f rom t h e lowest t o t h e 
h ighes t t e m p . T h e m o r e r a p i d l y t h e s a m p l e is 
cooled, t h e smal le r t h e final r es i s tance , a n d con­
verse ly . T h e e x p l a n a t i o n is a t t r i b u t e d t o t h e 
b e t t e r d e v e l o p m e n t of t h e c rys ta l s w i t h slow 
cooling. E . M a t t h e y found t h e res i s t ance of a 
s amp le of 97 p e r cent , t e l l u r i u m t o b e a b o u t 80O 

t i m e s a s g r e a t a s t h a t of copper . F o r t h e r a t i o of t h e res i s tance R a t 6° a n d 
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R e s i s t a n c e F I G . 4 . — T h e E l e c t r i c a l 
of T e l l u r i u m ( H e a t i n g a n d C o o l ­
i n g ) . 

JF?o a t 
a s 
0° H . K . O n n e s a n d B . B e c k m a n found a m i n i m u m a t —225° 

RIR* 
— 80° 

0-773 
— 100° 
0 - 7 3 2 

— 140° 
O-659 

— 180° 
0 - 5 9 6 

— 220° 
0 - 5 4 7 

— 225° 
0 - 5 4 6 

— 240° 
0 - 5 6 8 

—258-6° 
O-62 4 

H . Pe r l i t z s t u d i e d t h e r e l a t i on b e t w e e n t h e space- la t t i ce a n d t h e c h a n g e of r e s i s t ance 
w i t h fus ion ; a n d R . S c h u h m a n n found n o difference in t h e e.rn.f. of cells w i t h 
a m o r p h o u s a n d c rys ta l l ine t e l l u r ium. V. I^enher a n d J . I J . R . Morgan , A . M a t t h i e s s e n , 
F . W . W a r b u r t o n , F . E x n e r , W . G. A d a m s , a n d A. G u n t z a n d W . B r o n i e w s k y , 
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showed t h a t t h e structure h a s a g r e a t inf luence on t h e r e s i s t ance ; t h e y f o u n d t h a t 
t h e sp . r e s i s t ance of t e l l u r i u m v a r i e d f rom 279 t o 1152 o h m s . A. G u n t z a n d 
W . B r o n i e w s k y found t h a t t h e s p . r e s i s t ance of t e l lu ­
r i u m a t 2° is 0*102 o h m , a n d , inc reas ing w i t h t e m p . , 
a t t a i n s a m a x i m u m a t a b o u t 50° . I t t h e n d imin i shes 
u n t i l t h e m . p . is r e ached , F i g . 5 ; a n d a d d e d t h a t , in 
a g r e e m e n t w i t h F . E x n e r , t h e a b n o r m a l v a r i a t i o n is 
d u e t o t h e s e p a r a t i o n of c rys t a l s of v a r y i n g sizes, a n d 
n o t t o t h e f o r m a t i o n of a n a l lo t rop ic modif ica t ion of 
t e l l u r i u m a s w a s s u p p o s e d b y E . Cohen a n d J . F . K r o n e r . 
F o r J . M. R i v i e r e ' s o b s e r v a t i o n s , vide infra, s i lver 
t e l lu r ide . B . B e c k m a n found t h e sp . r e s i s t ance va r i ed 
f rom 0-0493 t o 0*617 o h m per c m . cube , a n d t h e 
pressure coefF. v a r i e d l inear ly f rom —9-1 X 10~~5 t o 
—26*6 X 10~~". P . W . B r i d g m a n o b t a i n e d a r e s i s t ance 
of 0-00645 o h m j>er c m . cube ; a n d a press , coeff. of 
t e m p , coeff. f rom 0° t o 24° w a s —0-0063 

!Fia. 5 . — T h e Variat ion of 
t h e Electr ical Res i s tance 
of Tellixrium w i t h Tem­
perature . 

-0-00012 ; a n d t h e a v e r a g e 
W . Gr. A d a m s sa id t h a t t h e c o n d u c t i v i t y 

of t e l l u r i u m is s l ight ly inc reased b y exposure to light, b u t n o t t o t h e s a m e e x t e n t 
as t h a t of se len ium. T . W . Case f o u n d t h a t t e l l u r i u m h a s a r e s i s t ance less t h a n 
a m e g o h m , a n d does n o t c h a n g e i t s r e s i s t ance o n e x p o s u r e t o l igh t . R . S. B a r t l e t t 
obse rved t h a t t e l l u r i u m show's a pho toe l ec t r i c effect a t o r d i n a r y t e m p . , a n d a 70 
per cen t , g r e a t e r effect a t —185°. P . KLapitza s t u d i e d t h e c h a n g e of t h e resist­
ance i n a m a g n e t i c field. L . A m a d u z z i a n d M. P a d o a f o u n d t h a t i somorphous 
m i x t u r e s of se len ium a n d t e l l u r i u m show pho toe l ec t r i c sens ib i l i t i es—rat io of t h e 
c o n d u c t i v i t y in d a r k n e s s a n d in l i g h t — s u c h t h a t w i t h 0-887 t o 10*081 a t . pe r 
cen t . Te , t h e c u r v e falls r a p i d l y a t first a n d t h e n s lowly w i th inc reas ing t e l l u r i u m 
c o n t e n t . 

C A . K r a u s a n d E . W . J o h n s o n g a v e for t h e s p . r e s i s t ance , R, of t e l l u r i u m : 

H x 10 3 
480-5° 
0-488 

4 6 6 0 ° 
0*525 

4 4 9 1 ° 
0-579 

431-8° 
O 663 

404-7° 
11-69 

380-5° 
13-31 

303° 
14-81 

Liquid Solid 

a n d for t h e r e s i s t ance a t 440° of m i x t u r e s of t e l l u r i u m a n d s u l p h u r : 

S 
R 

OO 
0-036410 

5-0 
0-0 38910 

3 0 0 
0-2390 

5 0 0 
15-71 

70-0 75-O 77-5 8 0 0 85-O per cent . 
187O 10,92O 33-650 114,50O 231 ,700 

B . L a n g e a n d W . He l l e r s t u d i e d t h e thermoelec tr ic force of t h e t e l l u r ium-
p l a t i n u m coup le b e t w e e n —75° a n d 90°, a n d f o u n d t h a t t h e t h e r m o e l e c t r i c force 
is a l m o s t c o n s t a n t , b u t i t inc reases l inea r ly f rom 0° t o 40° , a n d n e a r l y l inear ly u p 
t o 400° . A. T e i c h m a n n also m e a s u r e d t h e t h e r m o e l e c t r i c force of t h i s coup le . 
W . O g a w a also found t h e e.m.f. of t h e t h e r m o c o u p l e w i t h c o p p e r a n d t e l l u r i u m t o 
be —lOOO/x vo l t s , a n d t h e c u r r e n t passes f rom t e l l u r i u m t o t h e c o p p e r a t t h e h o t 
j u n c t i o n . 

M. A. L e v i t s k y a n d M. A . I i u k o m s k y f o u n d t h a t t h e b i s m u t h - t e l l u r i u m couple 
gives a c u r r e n t of 360 m i c r o v o l t s p e r degree or t h r e e t i m e s t h a t of t h e i ron-con-
s t a n t a n coup le . 

A . v o n E t t i n g h a u s e n o b s e r v e d t h e c h a n g e in t h e r e s i s t ance of t e l l u r i u m w h e n 
exposed t o a magnetic field ; C. W . H e a p s f o u n d t h a t for sma l l m a g n e t i c fields, of 
s t r e n g t h H9 t h e effect o n t h e res i s tance , R is dRj R=IQO-O xlO-mH^ for t r a n s v e r s e 
fields, a n d dR/R=27-7 XlO-^H* for l o n g i t u d i n a l fields. T h e s u b j e c t w a s s t u d i e d 
b y P . K a p i t z a . A c c o r d i n g t o P . I . W o l d , t h e c h a n g e of r e s i s t ance in t h e m a g n e t i c 
field is p r o p o r t i o n a l t o t h e s q u a r e of t h e field s t r e n g t h . T h e r e s i s t ance of t e l l u r i um 
was v e r y v a r i a b l e a t o r d i n a r y t e m p . , d e p e n d i n g o n t h e p r e v i o u s h e a t - t r e a t m e n t , 
b u t d imin i shed w i t h r ise of t e m p , a n d i n all cases a p p r o x i m a t e d t o t h e s a m e v a l u e 
a t 150° C. T h e i n c r e m e n t in r e s i s t ance in t h e m a g n e t i c field w a s g rea t e r a t t h e 
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lower t e m p . , t h e cu rve connec t ing change of res i s tance a n d t e m p , be ing v e r y s imi lar 
t o t h a t for res is tance a n d t e m p . 

T h e Ha l l effect in t e l lu r ium is a b n o r m a l l y large (s ix ty t imes g rea t e r t h a n m 
b i s m u t h ) , so t h a t if t h e r e is a n y close connec t ion be tween t h e H a l l effect a n d t h e 
change of res i s tance i n a m a g n e t i c field one wou ld expec t t h e cu rve for t h e l a t t e r 
p h e n o m e n o n t o exh ib i t a b n o r m a l p roper t i es . The re la t ively large va lues oidR/Rxn. 
t e l lu r ium, however , a re smal l c o m p a r e d w i th those of dRJR in b i s m u t h . P . I . W o l d , 
a n d F . W . W a r b u r t o n s tud i ed t h e H a l l effect w i t h te l lu r ium. P . I . W o l d f o u n d t h e 
H a l l effect is p rac t ica l ly i n d e p e n d e n t of t h e field s t r e n g t h — u p t o 15,000 c.g.s. u n i t s . 
The re is a d i s y m m e t r y w i t h reversa l of field, b u t since t h i s is p r o p o r t i o n a l t o t h e 
s q u a r e of t h e field i t is d u e t o t h e Ha l l electrodes n o t be ing e x a c t l y o n a n 
equ ipo ten t i a l . A t o r d i n a r y t e m p , t h e Hal l cons t an t is posi t ive , b u t i t d imin i shes 
r a p i d l y w i t h rise of t e m p . , changes sign, a n d wi th fur ther rise of t e m p , r eve r ses t o 
pos i t ive aga in . T h e in i t ia l va lue depends on t h e h e a t - t r e a t m e n t , b u t t h e r e is 
a l w a y s t h e doub le reversa l as t h e t e m p , rises. I t is only a t o r d i n a r y t e m p , t h a t 
wide ly different va lues of t h e c o n s t a n t a re ob ta ined ; a t h igher t e m p , t h e c u r v e s for 
different h e a t t r e a t m e n t s a p p r o a c h each other , a n d t h e reversa l t o t h e second 
pos i t ive v a l u e occurs a t 245° C. This behav iou r c anno t be r e g a r d e d a s d u e t o 
impur i t i e s , special p recau t ions hav ing been t a k e n in p r e p a r a t i o n of t h e spec imen , a n d 
ana lys is showed t h e a m o u n t of oxide p resen t t o be exceedingly smal l . T h e a u t h o r 
considers i t due t o t h e existence of t w o crysta l l ine forms, a a n d /?. Acco rd ing t o 
W . H a k e n , t h e a modification is s table below 354° C. a n d t he / J form a b o v e t h i s t e m p . 
T h e a u t h o r a s sumes a posi t ive Ha l l c o n s t a n t for t h e /? modif icat ion a n d a n e g a t i v e 
for t h e a . As t h e Te is cooled t h e /? form passes i n to t h e a form, b u t t h e q u a n t i t y 
m a k i n g t h e t r ans i t i on will v a r y . A curve connect ing the rmoe lec t r i c p o w e r a n d 
t e m p , h a s a shape similar t o t h a t for Ha l l c o n s t a n t a n d t e m p . M e a s u r e m e n t s of t h e 
H a l l c o n s t a n t for l iquid t e l lu r ium were unsat is fac tory . The H a l l effect h a s n o t b e e n 
obse rved w i t h a m o r p h o u s subs tances—excluding gases—and i t s eems a s if a 
c rys ta l l ine s t r u c t u r e is necessary for t h e Ha l l effect. T h e E t t inghausen-ef fec t w a s 
found t o be p ropo r t i ona l t o t h e field s t r eng th a n d to increase w i t h rise of t e m p . 
T h e Nernst-effect w a s also a p p r o x i m a t e l y p ropor t iona l t o t h e field, b u t d i m i n i s h e d 
i n v a l u e w i t h increase of m e a n t e m p , of t h e p la t e . T h e Leduc-effect w a s 
p r o p o r t i o n a l t o t h e field s t r eng th . A d iminu t ion of a b o u t 19 per cent , in t h e t h e r m a l 
c o n d u c t i v i t y w a s observed in a field of 6500 c.g.s., t h e m e a n t e m p , of t h e p l a t e 
b e i n g 45-3° C. G. P o l v a n i observed a lag wi th respect t o t h e m a g n e t i c field of t h e 
H a l l effect. 

Obse rva t ions o n t h e electrolysis of dil. soln. of po t a s s ium h y d r o x i d e w i t h 
t e l l u r i u m elect rodes were m a d e b y J . W . H i t t e r , 1 1 H . D a v y , H . 6 . M a g n u s , 
J . C. Poggendorff, C. H i m l y , a n d Gr. Bred ig a n d F . H a b e r — a t t h e p l a t i n u m a n o d e , 
t h e r e is a n evo lu t ion of oxygen , b u t no h y d r o g e n is given off a t t h e c a t h o d e . T h e 
t e l l u r i um passes i n t o soln. a s v io le t po t a s s ium tel lur ide, a n d t h e n is p r e c i p i t a t e d 
b y t h e anodic oxygen . T h e obse rva t ions of E . Miiller, a n d H . L u c a s a r e i n d i c a t e d 
a b o v e in connec t ion w i th colloidal t e l lu r ium. E . Miiller a n d R . N o w a k o w s k y a d d e d 
t h a t in 0-IJV-KOH, se lenium dissolves a t t h e ca thode w i t h t h e v a l e n c y 0-67 t o 0-75, 
s u l p h u r w i t h t h e va l ency 0-57 t o 0-89, a n d t e l lu r ium dissolves wi th v a l e n c y a b o u t 
0-9. T h e po ten t i a l s a t wh ich soln. begins (measured aga ins t t h e 0-1JV ca lomel 
e lect rode) a r e s u l p h u r 0*53 vol t , se len ium 0-804 vol t , t e l lu r ium 0-07 vo l t . M. Ie 
B l a n c obse rved t h a t t e l lu r ium as c a t h o d e read i ly dissolves in a lkal ine soln. , b u t t h e 
d u s t obse rved b y E . Miiller, a n d R . L u c a s is n o t o b t a i n e d w i t h v e r y cone . so ln . of 
p o t a s s i u m h y d r o x i d e . M. Ie B l a n c found t h a t t e l l u r ium in iV-KOH dissolves b o t h 
a s a n o d e a n d c a t h o d e . A t t h e c a t h o d e i t y ie lds a r ed soln. of po ly te l lur ide . A t t h e 
a n o d e i t dissolves w i t h a v a l e n c y of n e a r l y four, in t h e form of Te*""-ions t h e g r e a t e r 
p a r t of wh ich r e a c t w i t h h y d r o x y l ions , fo rming TeCV'- ions . Te l lu r ium is inso luble 
i n a n o r m a l soln. of p o t a s s i u m h y d r o x i d e f rom which o x y g e n is exc luded . I n a 
10JV-soln., however , i t dissolves a t 100° t o a r ed soln., f rom which i t s e p a r a t e s a g a i n 
o n cool ing o r d i lu t ion . This p o i n t s t o t h e s i m u l t a n e o u s p resence of pos i t ive a n d 
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n e g a t i v e t e l l u r i u m ions . A r e d soln. p r e p a r e d b y c a t h o d i c soln. of t e l l u r ium, a n d 
c o n t a i n i n g on ly n e g a t i v e ions , is p e r m a n e n t . N o t e l l u r i u m dissolves w h e n a n 
a l t e r n a t i n g c u r r e n t is pas sed b e t w e e n t e l l u r i u m e lec t rodes in 2V-potassium h y d r o x i d e 
soln. , b u t i n lOjV-soln. d i sso lu t ion t a k e s p lace , t h e q u a n t i t y d i s so lved inc reas ing 
a s t h e n u m b e r of a l t e r n a t i o n s pe r m i n u t e decreases . R e d soln. a r e fo rmed f rom 
w h i c h t e l l u r i u m soon beg ins t o s e p a r a t e . T h e o b s e r v a t i o n s a r e m o s t s imp ly 
e x p l a i n e d b y suppos ing t h a t t e l l u r i u m dissolves a t t h e c a t h o d e i n t h e f o r m of 
T e " - i o n s a n d a t t h e a n o d e a s Te"""-ions. E q u i l i b r i u m ex i s t s in so ln . b e t w e e n t h e s e 
ions a n d free t e l l u r i um, 3 T e ^ 2 T e , / + T e . I n v e r y cone , a lka l ine soln. , t h e 
equ i l i b r i um requ i r e s t h e p resence of m e a s u r a b l e q u a n t i t i e s of t h e s u b s t a n c e s o n t h e 
r i g h t - h a n d side of t h e e q u a t i o n , b u t i n di l . soln. i t is d i sp laced a l m o s t en t i r e ly t o w a r d s 
t h e l e f t -hand side of t h e e q u a t i o n . Accord ing t o E . Muller , t h e c a t h o d i c 
d e c o m p o s i t i o n p o t e n t i a l of t e l l u rous ac id in 22V-sulphuric ac id is —0-08 v o l t . N o 
depos i t i on p o t e n t i a l could b e o b t a i n e d for t e l l u r i u m f rom a 22V-sulphuric ac id soln. 
of t e l lu r ic ac id , f rom w h i c h i t follows t h a t t e l l u r i u m c a n n o t b e d e p o s i t e d f rom te l lu r i c 
ac id . Acco rd ing t o L . S c h u c h t , w i t h dil . soln. of t e l lu rous ac id , t e l l u r i u m is depos i t ed 
loosely on t h e a n o d e ; a n d w i t h a cone . soln. t h e s e p a r a t e d t e l l u r i u m floats i n t h e 
l iqu id . E . Muller also o b s e r v e d t h a t w h e n f a in t ly a lka l ine soln . of s o d i u m t e l lu r i t e 
or t e l l u r a t e a r e e lec t ro lyzed t h e r e is a m a r k e d r e d u c t i o n t o t e l l u r i u m w h i c h is n o t 
h i n d e r e d b y t h e p resence of c h r o m a t e s . Acco rd ing t o J . L u k a s a n d A. J i l ek , a 
b r i g h t , a d h e r e n t depos i t of t e l l u r i u m w i t h a s i lvery l u s t r e c a n b e o b t a i n e d b y dis­
so lv ing s a y 3 g r m s . of a t e l l u r i u m c o m p o u n d in 3 c.c. of h o t , cone , s u l p h u r i c ac id . 
T h e cold soln. is d i l u t e d w i t h w a t e r a n d 0*5 g r m . of t a r t a r i c ac id a d d e d , fol lowed b y 
a m m o n i a u n t i l n e u t r a l t o m e t h y l - r e d ; t h e soln. is acidified w i t h 3 g r m s . of m a l o n i c 
ac id , cooled t o 18°, t r e a t e d w i t h 10 g r m s . of a m m o n i u m s u l p h a t e d i l u t e d t o 
120—150 c.c. a n d e lec t ro lyzed w i t h a r o t a t i n g a n o d e in a p l a t i n u m d i sh a t 2 vo l t s . 
T h e c u r r e n t , o r ig ina l ly 0-03—0-09 a m p . , falls t o 0-004—0*007 a m p . w h e n t h e t e l l u r i u m 
is c o m p l e t e l y depos i t ed . W i t h o u t s h u t t i n g off t h e c u r r e n t , t h e depos i t is w a s h e d 
first w i t h w a t e r , t h e n w i t h a lcohol , d r i ed a t 100°, a n d weighed ; i t shou ld possess a 
b r i g h t , s i lve ry l u s t r e a n d b e f i rmly a d h e r e n t t o t h e d i sh . T e l l u r i u m is a m p h o t e r i c , 
for, w h e n u s e d a s c a t h o d e in t h e e lect rolysis of p o t a s s i u m h y d r o x i d e , 
J . K a s a r n o w s k y f o u n d t h a t i t d issolves a s a u n i v a l e n t e l e m e n t fo rming p o t a s s i u m 
te l lu r ide , K 2 T e 2 , b u t w h e n u s e d a s a n o d e in t h e e lec t ro lys is of h y d r o c h l o r i c ac id , t h e 
t e l l u r i u m passes i n t o so ln . a s a q u a d r i v a l e n t m e t a l fo rming t e l l u r i u m t e t r a c h l o r i d e . 
T h e n o r m a l p o t e n t i a l of t h e s y s t e m TeZTe 2 " in p o t a s s i u m h y d r o x i d e soln. is —0-818 
v o l t ; a n d w i t h t h e s y s t e m T e / T e , 0*549 vo l t . T h e t h e r m a l v a l u e for t h e s y s t e m : 
3 T e ^ T e ** + 2 T e is 136 CaIs. ; of 5 T e ^ T e ***+2Te 2 " is —129 CaIs. ; a n d 
T e + T e " — T e 2 " is 3*5 CaIs. T e l l u r i u m as a m e t a l comes be tween coppe r a n d silver 
in t h e e l ec trochemica l ser ies , a n d i t is t h e " nob le s t " of t h e meta l lo ids . T h e 
h y p o t h e t i c a l s y s t e m T e | iV-Te—, ,ZV-Te2" j Te shou ld h a v e a n ionic p r o d u c t 
[Te 3 [ T e 2 ^ p = IO-9 r > , wh ich gives a m e a s u r e of t h e a m o u n t of ion iza t ion i n t o 
pos i t ive a n d n e g a t i v e ions . F . W . B e r g s t r o m found t h a t in l iquid a m m o n i a t h e 
e lec t rochemica l series is P b , Bi , Sn, S b , As , P , Te , Se, S, a n d I . W . H a k e n obse rved 
a d i s c o n t i n u i t y in t h e t h e r m o e l e c t r i c p r o p e r t i e s a t 354° d u e , he supposed , t o t h e 
ex i s t ence of t w o a l lo t ropes . 

H . E u l e r o b s e r v e d t h a t t h e cell T e | s a t . soln. H 2 T e O 4 , 2V-KCI | HgCl g a v e no 
potent ia l difference, b u t w i t h o t h e r spec imens of t e l l u r i u m h igher a n d lower va lues 
were o b t a i n e d ; a n d w i t h t h e cell T e J TeCl 2 , 2V-KC1 | HgCl , 0-19 vo l t w a s obse rved 
b y R . L o r e n z a n d J . EgI i . Q. C. S c h m i d t in s t u d y i n g t h e pa s s iv i t y of m e t a l s found 
t h a t t h e r e is so sma l l a c h a n g e of p o t e n t i a l o n po l i sh ing t e l l u r i u m as t o b e scarcely 
d e t e c t a b l e . G. Gal lo o b t a i n e d 127-61 for t h e e l ec tro -chemica l equiva lent of 
t e l l u r i u m , a n d a d d e d t h a t i t genera l ly goes i n t o soln. a s q u a d r i v a l e n t t e l lu r ium, 
b u t w i t h 2V-HC1, or 10 p e r cen t , p o t a s s i u m chlor ide , p o t a s s i u m n i t r a t e , or s o d i u m 
p y r o p h o s p h a t e a n d hyd roch lo r i c ac id , i t goes i n t o soln. a s sex iva len t t e l lu r ium, 
n e v e r a s b i v a l e n t t e l l u r i u m . E). He ich ins te in found for t h e e lec t rode po ten t i a l 
T e " * ~ > T e , 0-558 v o l t ; for T e - » T e 2 " , — 0 - 8 2 7 ; a n d t h e e.m.f. of t h e cell 
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Te I Te"*", Te 2
7 ' | Te is 1-385 vo l t . T h e solubi l i ty p r o d u c t [Te**" j | T e 2 " ]2 = 6-2 X 1 0 ~ 9 7 ; 

a n d t h e c o n s t a n t X = [ T e " ' * l [ O H ' ] 6 / [ T e O ' / ] is 2 x 1 0 ^ 7 . R . S c h u m a n n found 
t h a t t h e e.m.f. of t h e cell TeHol idTe02soiid I 0 1 0 t o 0-742V-HClO4 | H 2 ( I a t m . ) 
i s —0-5286 vo l t a t 25°, a n d —0-5213 vo l t a t 45°. T h e reduct ion potential for 
T e 8 0 i i d + 2 H 2 0 = T e O ( O H ) * + 3 H ' + 4( —) is —0-5509 vo l t . J . K a s a r n o w s k y g a v e 
—0-91 v o l t for t h e n o r m a l po ten t i a l T e 2 " - > T e m e t a i . F . Jo l io t measu red t h e deposi­
t ion po ten t ia l of te l lu r ium. A. C. K r u e g e r a n d L . Kah lenbe rg , a n d S. J . F r e n c h 
a n d L . K a h l e n b e r g s tud ied te l lu r ium-gas cells where t h e gas is oxygen , h y d r o g e n , 
he l ium, a rgon , or n i t rogen . 

E . T. W h e r r y 1 2 found t e l l u r ium t o be a poor rad io-de tec tor . W . Ogawa, a n d 
I . S t r a n s k y discussed t h e rect ifying act ion of tel lur ides. A . Gi in ther Schulze 
descr ibed t h e ca thod ic sp lu t t e r ing of te l lu r ium. 

T h e d i a m a g n e t i s m of te l lu r ium was observed b y J . C. Poggendorfr , 1 3 F . Z a n t e -
deschi , a n d A. Oppenhe im. J . Konigsberger found t h e magne t i c susceptibi l i ty 
t o be —2-1 X 10—*fvol. u n i t ; S. Meyer, —0-6x10"-« vol. u n i t a t 1 8 ° ; a n d A. v o n 
E t t i n g h a u s e n , —1-6 X 10~ 6 vol. un i t . P . Curie gave —0-3 x 1 0 ~ 6 m a s s u n i t 
be tween 20° a n d 3 0 5 ° ; G. Wis t r and , —1-70x10— 6 mass u n i t ; P . Curie , 
—0-303x10— 3 mass u n i t ; J . C. McLennan a n d E . Cohen, 0-308 XlO""6 m a s s 
u n i t ; K . H o n d a , —0-32 X H>~0 mass u n i t be tween 18° a n d 4 4 0 ° ; a n d for t h e 
mol t en e lement above 440°, —0*04 x 10~~6 mass un i t . A. Dauvi l l ie r d iscussed t h e 
d i a m a g n e t i s m and a t . s t ruc tu re of te l lur ium. P . Pasca l gave —378 X 10~~7 for t h e 
atomic susceptibility ; and S. S. B h a t n a g a r a n d C. L . D h a w a n , —40-5 X 1 0 ~ 6 . 
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§ 4. The Chemical Reactions of Tellurium 
In agreement with the general observation that the basic properties of the natural 

families of elements increase with rising atomic weight tellurium exhibits a greater 
basicity than selenium and sulphur. Sulphur is decidedly an acidic element, the 
acid character is weaker with selenium, and weaker still with tellurium. The 
last-named element exhibits feeble basic qualities since it forms a tartrate, basic 
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sulphi te a n d basic n i t r a t e , a n d in th i s respec t i t exhib i t s t h e cha r ac t e r s of a m e t a l . 
Te l lur ium also resembles me ta l in general appea rances . Liord Ray le igh a n d 
W . R a m s a y , 1 a n d F . Fischer a n d F . Schro t te r were u n a b l e t o form a c o m p o u n d 
of argon a n d te l lur ium. According t o H . D a v y , F . Becker , J . Lowe, E . P r iwozn ik , 
F . Jones , M. G. Weber , a n d B . B r a u n e r when t e l lu r ium is dist i l led in hydrogen a 
l i t t l e t e l lu r ium hydr ide is formed ; b u t A. Gu tb ie r sa id t h a t t h i s is n o t t h e 
case wi th purified te l lur ium. A. D i t t e observed t h a t t e l l u r i um h y d r i d e is fo rmed 
if t e l lu r ium be h e a t e d wi th hydrogen in a sealed t u b e . J . J . Berzel ius sa id t h a t 
crystal l ine te l lur ium does n o t change in air, b u t p rec ip i t a t ed t e l lu r ium, w h e n dr ied 
in air, is s l ightly oxidized, while B . Braune r , M. Be r the lo t a n d C. F a b r e , a n d 
A. Gutb ie r found t h a t a sl ight oxida t ion occurs du r ing t h e wash ing of p rec ip i t a t ed 
t e l lu r ium ; a n d te l lu r ium can be de tec ted in t h e r u n n i n g s f rom t h e filter ; if a l lowed 
t o s t a n d exposed to air in t h e presence of hydrochlor ic acid, m u c h t e l lu r ium t e t r a ­
chloride passes in to soln. J . J . Berzelius said t h a t t e l lu r ium, h e a t e d in air some­
w h a t above i ts m.p . , b u r n s wi th a b r i g h t b lue flame which is g reen a t t h e edges . 
The flame is a t t e n d e d b y a whi te c loud of t h e oxide , which, accord ing to J . J . Ber­
zelius, a n d H . G. Mn gnus , has a faint u n p l e a s a n t odour different f rom t h a t of 
se lenium ; t h e horse-radish oxide r epor t ed b y M. H . K l a p r o t h is a t t r i b u t e d t o t h e 
presence of a d m i x e d selenium. H . B . B a k e r a n d H . B . D i x o n observed t h a t 
t e l lu r ium is one of t h e few elements which will b u r n in t h o r o u g h l y dr ied o x y g e n . 
A. Mailfert said t h a t in t he presence of wa t e r o zone oxidizes t e l lu r ium t o te l lur ic 
acid. C. F . Cross a n d A. F . Higgin said t h a t water does n o t ac t on t e l l u r ium e i ther 
a t o rd ina ry t e m p , or when hea t ed in a sealed t u b e a t 160°. H . V. R e g n a u l t also 
found t h a t t e l lu r ium does n o t decompose w a t e r a t a r ed-hea t . I J . J . T h e n a r d 
observed t h a t hydrogen dioxide does n o t ac t on t e l lu r ium ; b u t A. Gutb ie r a n d 
F . Resenscheck found t h a t a soln. of t h e e lement in po tash- lye is oxidized to te l lu ra te . 
G- Schluck found t h a t colloidal t e l lu r ium is a c t e d on by ve ry diL soln. of t h e dioxide , 
whi ls t t h e crystal l ine modificat ion only reac t s slowly wi th 60 per cent , hyd rogen 
dioxide a t 100°. The r a t e of dissolut ion increases wi th t h e a m o u n t of tel luric 
acid formed. Amorphous te l lu r ium, p rec ip i t a t ed from hydrochlor ic acid soln. b y 
su lphur dioxide a n d dr ied a t 105°, behaves s imilar ly t o crysta l l ine te l lur ium, b u t 
if t h e a m o r p h o u s v a r i e t y is dr ied b y t r e a t m e n t wi th alcohol a n d e ther , i t dissolves 
qu i t e readi ly in cone, hydrogen dioxide soln. P . K o t h n e r observed t h a t a n aq . 
soln. of sod ium dioxide conver t s t e l lu r ium in to t h e t r iox ide which dissolves as 
t e l lu ra te . 

H . Moissan found t h a t fluorine r eac t s wi th t e l lu r ium wi th incandescence form-
ing a crysta l l ine fluoride. H . D a v y said t h a t t e l lu r ium b u r n s t o t h e t e t rach lo r ide 
in Chlorine. H . Rose found t h a t chlorine does n o t a t t a c k powdered crys ta l l ine 
t e l lu r ium in t h e cold ; b u t when feebly wa rmed , a reac t ion se ts in w i th incan­
descence forming te l lu r ium di- or t e t rach lor ide according as t h e t e l lu r ium or t h e 
chlorine is in excess. On t h e o the r hand , J . T h o m s e n said t h a t chlorine r eac t s 
slowly wi th t e l lu r ium a t o rd ina ry t e m p . , a n d if a l i t t le su lphur b e presen t , t h e 
reac t ion is faster. C. Wil lgerodt s tud ied t e l lu r ium as a catalyst—chlorubertrdger 
m t h e ch lo rmat ion of organic compounds . J . J . Berzel ius found t h a t bromine 
r eac t s w i th t e l lu r ium a t o rd ina ry t e m p . , w i th t h e d i sengagement of hea t , fo rming 
a b romide ; t e l lu r ium a n d iodine c an b e m e l t e d toge the r in a n y p ropor t ions ; a n d 
rf a m i x t u r e is hea t ed s t rongly enough t e l lu r ium iodide subl imes. O. Ruff a n d 
Txr" ; P U g s h o w e d t n a t t e l lu r ium reac t s w i th incandescence wi th ch lor ine fluoride 
W . E n g e l h a r d t observed t h a t colloidal t e l lu r ium readi ly reac t s w i t h a soln. of iodine 
a n d po ta s s ium iodide. J . Thomsen said t h a t hydrochloric acid is w i t h o u t ac t ion 
o n tel luriurn According t o V. Lenher , a l t h o u g h t e l lu r ium is ord inar i ly considered 
to be insoluble m hydrochlor ic acid, y e t i t is ac tua l ly a t t a c k e d s l ight ly b y t h e acid 
w n e n exposed t o t h e air , if sufficient t i m e is a l lowed for c o n t a c t . This ac t ion c a n 
* ^ r f ^ ^ s t r a t e d b y bubb l ing a c u r r e n t of air , for several weeks , t h r o u g h cone. 
• t o d w j f c ^ c aoid in which is suspended meta l l ic t e l lu r ium. I n a c o m p a r a t i v e l y 
shott % » f * h e acid becomes yellow, ind ica t ing t h e presence of t e t r ach lo r ide 
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J . J . Berzel ius sa id t h a t su lphur c a n b e m e l t e d w i t h t e l l u r i u m in all p ropo r t i ons 
—vide infra, t e l l u r i um su lph ide . R . W e b e r , a n d E . D ive r s a n d M. Shiniose observed 
t h a t d r y su lphur dioxide r e ac t s w i t h t e l l u r i u m a t 30° fo rming r e d t e l l u r i um su lpho-
t r iox ide . F . J . Miiller v o n Re ichens te in , a n d M. H . K l a p r o t h , N . W . Fischer , 
H . G. Magnus , a n d H . Rose , a n d E . Dive r s a n d M. Shimose found t h a t cone, or 
fuming sulphuric acid dissolves t e l l u r i u m a t o r d i n a r y t e m p , forming a r e d soln. ; 
a n d , accord ing t o N . W . Fischer , w i t h t h e cone, acid, s u l p h u r d iox ide is evolved . 
Te l lu r ium sepa ra t e s o u t w h e n w a t e r is a d d e d t o t h e soln. , a n d w h e n h e a t e d , s u l p h u r 
d ioxide is evolved. T h e colour of t h e soln. , sa id R . Webe r , is p r o b a b l y d u e t o t h e 
fo rma t ion of t e l l u r i u m su lpho t r iox ide . M. G. L e v i a n d co-workers found t h a t a 
soln. of p o t a s s i u m p e r s u l p h a t e dissolves t e l l u r i u m ; E . Moles found t h a t t e l l u r i u m 
r eac t s w i t h su lphur i c ac id g iv ing a soln. w i t h a n inc reased c o n d u c t i v i t y , a n d hence 
mol . w t . d e t e r m i n a t i o n s a r e a m b i g u o u s . Accord ing t o R . A u e r b a c h , t e l l u r i um in 
accord w i t h i t s meta l l i c c h a r a c t e r dissolves in pyrosulphuric acid a s m o n a t o m i c 
molecules , a n d in coagu la t ion , t h e colour changes f rom red , t h r o u g h viole t , t o b lue 
—cf. se len ium o x y s u l p h a t e s . J . T h o m s e n sa id t h a t t e l l u r i u m vigorous ly decom­
poses su lphur monochlor ide fo rming t e l l u r i u m t e t r ach lo r i de ; a n d t h i s w a s shown 
b y V. L e n h e r t o occur w h e n t h e monoch lo r ide is in excess , whi le F . KrafTt a n d 
O. S te iner found t h a t t h e d ichlor ide is p r o d u c e d if t h e t e l l u r i u m b e in excess. 
W . P r a n d t l a n d P . B o r i n s k y sa id t h a t se len ium or t e l l u r ium forms w i t h c h l o r o -
sulphuric acid a n u n s t a b l e soln. c o n t a i n i n g , r e spec t ive ly , SeSO^ or TeSO^ ; it 
r e ac t s w i t h pyrosulphuryl Chloride t o fo rm TeCl4-SO3 , in accord w i t h t h e e q u a t i o n : 
T e + 2 S 2 0 5 C l 2 = S 0 3 . T e C l 4 + 2 S 0 2 4 - S 0 3 ; ch lorosulphouic a c id r e a c t s : Te- I -HClSO 3 
= H C l + T e S 0 3 ; a n d su lphuryl chloride is w i t h o u t a c t i o n in t h e cold b u t forms 
t h e t e t r a c h l o r i d e w h e n h e a t e d , whi le B . v o n H o r v a t h sa id t h a t purified t e l l u r ium 
r e a c t s a t o r d i n a r y t e m p . , a n d a t a r e d - h e a t forms t e l l u r i u m t e t r ach lo r ide a n d 
s u l p h u r d iox ide ; th iouyl chloride y ie lds t h e s a m e p r o d u c t s t o g e t h e r with su lphu r . 
V . L e n h e r also s t u d i e d t h e a c t i o n of s u l p h u r y l a n d t h i o n y l chlor ides on t e l lu r ium. 
L . Tschugaeff a n d W . Chlopin found t h a t in a n a t m . free f rom oxygen t e l l u r i u m 
dissolves in s o d i u m h y d r o x i d e c o n t a i n i n g s o d i u m h y p o s u l p h i t e forming s o d i u m 
te l lu r ide . J . J . Berze l ius obse rved t h a t s e l e n i u m a n d t e l l u r i u m c a n b e m e l t e d 
t o g e t h e r in all p r o p o r t i o n s , a n d h e a t is a t t h e s a m e t i m e evolved—v ide supra. 
C. A. C a m e r o n a n d J . Maca l l an found t h a t s e l en i c a c id dissolves t e l l u r i u m in t h e 
cold fo rming a r ed soln. wh ich is d e c o m p o s e d b y w a t e r w i t h t h e s e p a r a t i o n of 
t e l l u r i um ; t h e red s u b s t a n c e is p r o b a b l y t e l l u r i u m se lenot r iox ide . 

G. Gore, E . C. F r a n k l i n a n d C. A. K r a u s , a n d C. H u g o t found t h a t t e l lu r ium 
is u n c h a n g e d b y l iquid a m m o n i a . F . W . B e r g s t r o m found t h a t t e l lu r ium reac t s 
fa i r ly qu ick ly w i th t h e amides of p o t a s s i u m a n d s o d i u m a t o r d i n a r y t e m p . , a n d 
s lowly a t —33°. C. A. K r a u s discussed t h e complex an ions formed b y t e l lu r ium 
in a m m o n i a soln. C. C. P a l i t a n d N . R . D h a r obse rved t h a t 13 a n d 26 pe r cen t . 
nitric ac id e x e r t b u t a s l ight a c t i on o n t e l l u r i um in 3 h r s . Accord ing t o A. Oppen-
he im , w h e n a m i x t u r e of phosphorus a n d p o w d e r e d t e l l u r ium is w a r m e d , p a r t of 
t h e t e l l u r i um forms a b l ack c o m p o u n d , a n d p a r t b u r n s t o phosphorus oxide. 
V. L e n h e r obse rved t h a t phosphorus trichloride, a n d p h o s p h o r y l t r i ch lo r ide a re 
w i t h o u t a c t i o n on t e l l u r i um. J . JT. Berzel ius , a n d A. Oj>penheim said t h a t t e l lu r ium 
a n d arsen ic c a n be m e l t e d t o g e t h e r in all p r o p o r t i o n s ; a n d s imi lar ly w i t h a n t i m o n y 
or b i smuth . F . J o n e s found t h a t ars ine is conve r t ed b y t e l lu r ium in to arsenic 
t e l lu r ide a n d h y d r o g e n te l lu r ide ; a n d Stibine behaves in a n ana logous m a n n e r . 
J . H o f f m a n n obse rved n o cha rac t e r i s t i c co lora t ion is p roduced b y te l lu r ium in 
m o l t e n borax ; t h e t e l l u r i u m is spa r ing ly dissolved, a n d forms a regulus . On t h e 
o t h e r h a n d , s o d i u m te l lu r ide colours t h e m o l t e n b o r a x b r o w n or b lack . Mol ten 
boric ac id d issolves some te l lu r ide a n d w h e n cold t h e mass is b rown ; wi th fused 
m i c r o c o s m i c salt , a n d s o d i u m te l lur ide , a r edd i sh -b rown glass is formed, which, 
o n t h e a d d i t i o n of bor i c oxide , becomes amber -ye l low. P . Fenaro l i found t h a t , 
a s i n t h e case of se len ium, t h e oxid ized e l emen t does n o t colour g l a s s , b u t if r educ ing 
cond i t i ons a r e p r e s e n t b lue , b r o w n , a n d r ed glasses are p roduced . Some con ta in 
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colloidal soln. of t h e e lement , a n d o thers , po ly te l lur ides . T h e former co r r e spond 
comple te ly w i th t h e t e l lu r ium hydrosols , a n d are , l ike t h e m , of t w o f u n d a m e n t a l 
colours, b lue a n d b rown, ana logous t o t h e r e d se len ium glass . T h e b l u e glass 
con ta ins larger colloidal par t ic les t h a n t h e b r o w n . T h e glass c o n t a i n i n g po ly t e l ­
lur ides is red, or violet-red, a n d h a s a n a b s o r p t i o n s p e c t r u m w h i c h co r r e sponds 
exac t ly -with t h a t of aq . soln. of poly te l lur ides , showing a n a b s o r p t i o n f rom t h e 
green t o t h e violet , wi th a d i s t inc t m a x i m u m b e t w e e n 48O a n d 490(/Lt//.. 

J . W. Re tgers found t h a t t e l l u r i um is n o t d issolved b y b e n z e n e , or x y l e n e ; 
a n d wi th methylene iodide i t forms a d a r k b r o w n so ln .—100 p a r t s of t h e so lven t 
dissolve 0-1 p a r t of t e l lu r ium a t 12°. W . M u t h m a n n sa id t h a t t h e m e t h y l e n e 
iodide dissolves t e l l u r ium on ly w h e n t h e l iqu id c o n t a i n s a l i t t l e free iod ine , b u t t h i s 
was con t r ad ic t ed b y J . W . Re tge r s . A. G u t b i e r a d d e d t h a t t e l l u r i u m decomposes 
t he me thy l ene iodide a n d passes i n t o soln. a s t e l l u r i u m iod ide . A . O p p e n h e i m ' s 
observa t ions on t h e ac t ion of a soln. of p o t a s s i u m cyanide h a v e b e e n discussed 
in connect ion wi th t h e s epa ra t i on of t h i s e l e m e n t f rom se len ium a n d s u l p h u r . 
V. !Lenhcr observed t h a t carbon tetrachloride does n o t r e a c t w i t h t e l l u r i um ; a n d 
K . L indne r a n d L.. A p o l a n t found t h a t w h e n t e l l u r i u m is h e a t e d w i th carbonyl 
chloride, t e l lu r ium dichlor ide is fo rmed . H . W a y t s a n d Gr. Cosyno s t u d i e d t h e 
ac t ion of t e l lu r ium on o r g a n o - m a g n e s i u m c o m p o u n d s . A. C. V o u r n a s o s found 
t h a t when h e a t e d w i t h s o d i u m formate , t e l l u r i u m h y d r i d e is fo rmed . J . D e a n 
s tud ied some organic c o m p o u n d s of t e l l u r ium. 

T h e ac t ion of t e l l u r ium o n t h e me ta l s is i n d i c a t e d in connec t ion w i t h t h e te l lu-
r ides. According t o M. Ie B lanc , w h e n t e l l u r i u m is h e a t e d w i th a iV-soln. of p o t a s ­
s ium hydroxide, while p r o t e c t e d f rom air , n o ac t ion occurs a t o r d i n a r y t e m p , or 
a t 100° ; b u t wi th a 10iV-soln., t h e l iquid becomes b lood- red a n d t h e dissolved 
te l lu r ium is p rec ip i t a t ed w h e n t h e soln. is d i lu ted . H . R o s e obse rved t h e fo rma t ion 
of te l lur ides when t e l l u r ium is m e l t e d w i t h a lkal i h y d r o x i d e ; a n d J . J . Berzel ius 
observed a similar resu l t w i th a lkal i carbonate . M. W e b s k y said t h a t w h e n te l lu­
r i u m is fused w i th po tas s ium hydrosulphate , t e l l u r ium dioxide , or po t a s s ium 
te l lur i te is formed ; a n d F . Becke r found t h a t fused potass ium nitrate forms a lka l i 
t e l lu ra t e ; a n d s imilar ly also wi th a fused m i x t u r e of p o t a s s i u m h y d r o x i d e a n d 
chlora te—vide t h e t e l lu ra tes . Te l lu r ium a c t s as a r educ ing a g e n t on m a n y sa l t s 
of t h e h e a v y me ta l s . T h u s , J . B . Senderens o b t a i n e d a p a r t i a l r e d u c t i o n of copper 
sulphate or acetate, a n d he r ep resen ted t h e r eac t ion of p o w d e r e d t e l l u r i um w i t h 
si lver nitrate a t 100° b y 4 A g N 0 3 + 3 T e + 3 H 2 0 = 2 A g 2 T e + H 2 T e 0 3 + 4 H N 0 3 . I u 
sea led t u b e s , t h e p rec ip i t a t ion of t h e silver b y t e l l u r ium is a lways comple te , a n d 
if t h e t e l l u r ium is in excess, t h e n i t r i c ac id which is fo rmed is decomposed wi th 
p r o d u c t i o n of n i t rogen peroxide even in dil . soln. Silver n i t r a t e i n soln. is com­
ple te ly a l t h o u g h slowly r educed b y se len ium a n d t e l lu r ium a t t h e o r d i n a r y t e m p . 
R . D . H a l l a n d V. Lrenher, a n d F . H u n d e s h a g e n , r ep resen ted t h e ac t ion on gold 
Chloride b y 4AuCl3~f 3 T e = 3 T e C l 4 + 4 A u . Se len ium reduced a soln. of gold chlor ide 
on ly w h e n boiled ; so t h a t t e l l u r ium is a m o r e ac t ive r educ ing a g e n t t h a n se len ium. 
R . B o t t g e r found t h a t ferric sa l t s—sulpha te , fe r rocyanide , e t c .—are r educed t o 
ferrous sa l ts . F . W . B e r g s t r o m found t h a t t e l l u r i um failed t o r e a c t w i t h m a g n e s i u m , 
arsenic , or copper in l iquid a m m o n i a , b u t d id dissolve v e r y slowly in soln. of 
a l u m i n i u m a n d p o t a s s i u m cyan ides . E v a p o r a t i o n of these soln. t o d r y n e s s a p p e a r e d 
t o cause decompos i t ion in to cyan ide a n d e l e m e n t a r y t e l l u r ium. N o definite com­
p o u n d s were isolated. Arsenic failed t o r e a c t w i th soln. of p o t a s s i u m or a l u m i n i u m 
cyan ides over a long per iod of t i m e . B . Kessler , a n d A. G u t b i e r a n d co-workers 
s t u d i e d t h e p u r p l e subs t ance , ana logous t o pu rp l e of Cassins, p r o d u c e d b y t h e 
depos i t ion of t e l lu r ium on s tannic h y d r o x i d e — t h a t is, tellurium-tin purple. 
M. "Lessheim a n d co-workers discussed t h e co-ord ina t ion n u m b e r of t e l l u r i u m in 
i t s c o m p l e x sa l t s . 

S o m e react ions of analyt ical in teres t .—As i n t h e case of se lenium, t e l l u r i um 
forms t w o ac ids—te l lu rous a n d te l lur ic ac ids . W h e n a soln. of a t e l lu r i t e is t r e a t e d 
wi th hydrochlor ic acid, a wh i t e p r ec ip i t a t e of t e l lu rous acid, H 2 T e O 3 , m a y b e formed 
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i n co&C; so ln . ; w i t h a so ln . of a t e l l u r a t e , t h e r e is n o p r e c i p i t a t i o n , b u t if t h e soln. 
b e boi led , ch lo r ine is evo lved , a n d w h e n w a t e r is a d d e d , t e l l u rous ac id m a y b e p re ­
c i p i t a t e d . Acidic soln. of a t e l l u r i t e y ie ld a b r o w n p r e c i p i t a t e of t e l l u r i u m su lph ide , 
T e S 2 , w h e n t r e a t e d w i t h h y d r o g e n su lphide , a n d t h e p r e c i p i t a t e is so luble in 
a m m o n i u m su lph ide soln . ; u n d e r s imi la r c o n d i t i o n s t h e t e l l u r a t e s b e h a v e l ike t h e 
t e l l u r i t e s t o w h i c h t h e y a r e r e d u c e d . As p r e v i o u s l y i nd i ca t ed—v ide F i g s . 1 a n d 2 
of t h e p r e v i o u s c h a p t e r — s u l p h u r dioxide p r e c i p i t a t e s t e l l u r i u m c o m p l e t e l y f rom 
diL h y d r o c h l o r i c ac id soln. , a n d t h i s e v e n i n t h e p re sence of t a r t a r i c ac id ; b u t 
w i t h a cone , h y d r o c h l o r i c ac id soln. , un l ike se lenious ac id , n o t e l l u r i u m is prec ip i ­
t a t e d e v e n o n boi l ing . Te l lu rous a n d te l lu r ic ac ids g ive s imi lar p r o d u c t s w h e n 
t r e a t e d w i t h r e d u c i n g a g e n t s — s t a n n o u s chlor ide p r e c i p i t a t e s b l a c k t e l l u r i u m if 
t h e soln. b e n o t t o o a c i d ; z i n c g ives a s imi lar p r e c i p i t a t e ; p h o s p h o r o u s acid p r e ­
c i p i t a t e s t e l l u r i u m f rom cone , soln. , b u t n o t f rom cold, d i l . soln . ; a n d ferrous 
su lphate g ives n o p r e c i p i t a t e w i t h t e l l u rous o r t e l lu r ic ac ids a l t h o u g h w i t h t h e 
s e l en ium ac ids p r e c i p i t a t i o n occur s . 

A c c o r d i n g t o P . J a n n a s c h , 2 a n a m m o n i a c a l soln . of h y d r o x y l a m i n e r educes 
t e l l u rous a n d te l lu r ic ac ids c a u s i n g t h e c o m p l e t e p r e c i p i t a t i o n of t h e t e l l u r i u m , 
whi l s t a n ac id ic soln. of t h i s r e a g e n t is -without a c t i o n o n t h e s e ac ids ; h y d r o x y l ­
a m i n e m a y the re fo re b e e m p l o y e d in s e p a r a t i n g s e l e n i u m a n d t e l l u r i u m . T h e 
se l en ium is c o m p l e t e l y p r e c i p i t a t e d w h e n a h y d r o c h l o r i c ac id soln. of t h e s e e l e m e n t s 
is boi led w i t h h y d r o x y l a m i n e , a n d t h e t e l l u r i u m s e p a r a t e s q u a n t i t a t i v e l y w h e n 
t h e n i t r a t e is r e n d e r e d a m m o n i a c a l a n d bo i led w i t h m o r e of t h e r e d u c i n g a g e n t ; 
four mol s . of h y d r o x y l a m i n e a r e r e q u i r e d for t h e r e d u c t i o n of o n e mol . of t e l l u rous 
ac id , w a t e r a n d n i t r o g e n b e i n g p r o d u c e d a t t h e s a m e t i m e . T e l l u r i u m is also 
p r e c i p i t a t e d f rom i t s h y d r o c h l o r i c a c id so ln . b y h y d r a z i n e su lphate , b u t n o t f rom 
i t s soln . i n n i t r i c ac id ; h y d r a z i n e p r e c i p i t a t e s t e l l u r i u m q u a n t i t a t i v e l y f rom a 
h o t a m m o n i a c a l soln . G. Pe l l in i sa id t h a t a feebly ac id ic soln. of s e l en ium con­
t a i n i n g a m m o n i u m t a r t r a t e g ives a p r e c i p i t a t e w i t h h y d r a z i n e s u l p h a t e , b u t n o t so 
w i t h t e l l u r i u m ; h y d r a z i n e ch lor ide p r e c i p i t a t e s b o t h se l en ium a n d t e l l u r i um. 
F o r t h e a c t i o n of o t h e r r e d u c i n g agen t s—v ide infra, t e l l u rous a n d te l lu r ic ac id . 
W i t h m a g n e s i a m i x t u r e , t e l lu r i t e s g ive a w h i t e p r e c i p i t a t e ; so a lso w i t h s o d i u m 
h y p o p h o s p h a t e , a n d w i t h b a r i u m ch lo r ide . (x. Den iges 3 f o u n d t h a t a soln. of 
10 g r m s . of m e r c u r o u s n i trate i n 10 c.c. of n i t r i c ac id a n d 1OO c.c. of w a t e r gives a 
ye l low c rys t a l l i ne p r e c i p i t a t e w i t h t e l lu r i c ac id o r t e l l u r a t e s . If a t e l l u r i u m com­
p o u n d o r t e l l u r i u m b e m e l t e d w i t h p o t a s s i u m c y a n i d e i n a c u r r e n t of h y d r o g e n , 
p o t a s s i u m t e l l u r i de is fo rmed . W h e n t h e cold m a s s is d i sso lved i n w a t e r , a n d a 
c u r r e n t of a i r p a s s e d t h r o u g h t h e soln. , u n l i k e t h e case w i t h se len ium, t h e e l emen t 
itself is p r e c i p i t a t e d . 

TbB phys io log ica l a c t i o n Of t e l lur ium. Soln . of t h e t e l l u r i u m sa l t s h a v e a 
m e t a l l i c t a s t e ; a n d , a c c o r d i n g t o K . H a n s e n , 4 a n d A. P . A. R a b u t e a u , t h e y a re 
po i sonous . B . T u r i n a f o u n d t h a t l ike s e l e n i u m sa l t s , t e l l u r i u m — a s t e l lu r i t e or 
t e l l u r a t e — d o e s n o t e n t e r t h e s y s t e m of g e r m i n a t i n g or m a t u r e p l a n t s in a p p r e ­
c iab le q u a n t i t i e s b y w a y of t h e r o o t - h a i r s ; r a t h e r does t h e roo t - s ap p l a y t h e 
i m p o r t a n t r61e of p o i n t of e n t r y a n d n i t r a t i o n for n u t r i f y i n g sa l t s . F. Czapek a n d 
J . W e i l s a id t h a t i n t h e o r g a n i s m t e l l u r i u m sa l t s a r e r a p i d l y r e d u c e d t o t h e meta l l ic 
s t a t e , w h i c h is h a r m l e s s . F . W o h l e r , K . H a n s e n , F . Myl ius , a n d J . I i . B e y e r were 
of t h e o p i n i o n t h a t a sma l l q u a n t i t y of t e l lu r i c o r t e l l u r o u s a c i d — s a y , 1 m g r m . — 
t a k e n i n t e r n a l l y is r e d u c e d t o t e l l u r i u m s i m u l t a n e o u s l y f o r m i n g a vo la t i le com­
p o u n d — p o s s i b l y m e t h y l t e l l u r i d e — w h i c h i m p a r t s t o t h e b r e a t h a m o s t offensive 
o d o u r . B\ L e h m a n n s a i d t h a t h i g h c o n c e n t r a t i o n s of t e l l u r i u m sa l t s a r e fa ta l t o 
t r y p a n o s o m e s , b u t a f t e r o n e h o u r ' s e x p o s u r e , t h e following d i lu t ions were n o t 
l e t h a l ; t e l l u r i t e s 1 : 500 ; a n d t e l l u r a t e s 1 : 300 . GL J o a c h i m o g l u a n d W . Hi rose 
o b s e r v e d t h a t o n a n i so l a t ed f rog 's h e a r t , s o d i u m t e l lu r i t e is a t l eas t t w o h u n d r e d 
t i m e s a s t o x i c a s s o d i u m t e l l u r a t e , a n d s o d i u m se len i te a t l e a s t one h u n d r e d t i m e s 
a s t o x i c a s s o d i u m se l ena t e . T h e se len i te is a lso m u c h m o r e t o x i c t h a n t h e t e l lu r i t e . 
T h e h e a r t m u s c a l a t u r e h a s a r e d u c i n g effect on t h e first t h r e e sa l t s m e n t i o n e d . 
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O n t h e r a b b i t ' s b lood-press . , sod ium seleni te a n d te l lu r i te h a v e a m o r e power fu l 
depressor ac t ion t h a n sod ium se lena te a n d t e l lu ra te . T h e y also s h o w e d t h a t 
d iph the r i a bacil l i a r e less sens i t ive t h a n t h e bacil l i of t h e typhus-co l i g r o u p t o w a r d s 
te l lur i tes a n d t e l lu ra te s . T h e former a re kil led b y cone, of te l lur i tes 1 : 42O, a n d 
t e l lu ra tes 1 : 125—while t h e l a t t e r a re kil led a t d i lu t ions 400 t i m e s t h e s e a m o u n t s . 
According t o A. Massen, t h e solid c o m p o u n d s of se lenium a n d t e l l u r i u m a re a t t a c k e d 
b y Penicillium brevicaule, fo rming volat i le subs tances . T h e vola t i le se len ium 
c o m p o u n d h a s a me rcap t an - l i ke odour , q u i t e d i s t inc t f rom t h a t of t h e a r sen ic 
compound , b u t cu l tu res con ta in ing t e l l u r i um emi t a n odour r e sembl ing t h a t of 
garl ic W h i l s t in t h e a n i m a l o rgan i sm se lenium a n d t e l l u r ium c o m p o u n d s a r e 
conve r t ed i n t o e thy l de r iva t ives , in microbes , m e t h y l de r iva t ives a r e fo rmed . 
T h e reduc ing p r o p e r t y of t h e cells of an ima l s a n d microbes is d u e t o t h e presence 
of a subs t ance which c a n exercise t h i s power even w h e n r e m o v e d f rom t h e t i s sues , 
b u t t h e fo rmat ion of m e t h y l or e t hy l de r iva t ives seems, however , t o b e rea l ly 
d e p e n d e n t on v i t a l processes occurr ing only in t h e o rgan ism. O. R o s e n h e i m , a n d 
A. Massen discussed t h e effects of t h e p resence of se len ium a n d t e l l u r ium o n t h e 
biological t e s t s for arsenic . B . Gosio a d d e d t h a t whi ls t all a rsenica l c o m p o u n d s 
a r e a t t a c k e d only by a c o m p a r a t i v e l y few species of h y p h o m y c e t e s ; on ly some of 
t e l l u r ium c o m p o u n d s a re a t t a c k e d b y all t h e var ie t ies of h y p h o m y c e t e s t r i ed . 
T h e ac t ion wi th t h e t e l lu r ium c o m p o u n d s is m o r e r a p i d t h a n wi th a rsenica l com­
p o u n d s , arid u n d e r favourable condi t ions c a n b e d e t e c t e d in 2 or 3 m i n . I t is 
sa id t o b e p robab le t h a t t h e decompos i t ion of t e l l u r ium c o m p o u n d s b y mic ro ­
organ isms is n o t b r o u g h t a b o u t b y m e a n s of p r o d u c t s formed b y t h e o rgan isms , 
b u t is a d i rect consequence of t h e life or d e v e l o p m e n t of t h e mou lds or bac t e r i a . 
R . Grosio, a n d E . Scheur len r e c o m m e n d e d t h e use of t e l lu r ium c o m p o u n d s a s t e s t s 
for bac te r i a l life in subs tances supposed t o h a v e been steri l ized. L*. D . Mead a n d 
W . J . Gies found t h a t non- tox ic doses of t e l l u r ium (as oxide , t e l lu r i te , t a r t r a t e , 
a n d te l lura te) do n o t ma te r i a l ly affect me tabo l i sm in dogs. T h e y a p p e a r t o s t imu­
la te ka t abo l i sm, a n d d imin ish fa t abso rp t ion s l ight ly ; t h e ur ine is r ende red d a r k 
b r o w n . La rge doses r e t a r d digest ion, a n d induce v o m i t i n g a n d somnolence . 
T h e y cause enter i t i s . Subcu taneous ly injected, t h e y cause diarrhoea, t r e m o r s , 
a n d d e a t h from asphyx ia . A t t h e p o i n t of inject ion, t e l lu r ium is depos i t ed in t h e 
meta l l ic form, a n d is d i s t r i bu t ed in m o s t of t h e o rgans a n d t i ssues . M e t h y l te l lu r ide 
a p p e a r s in t h e b r e a t h a few minu t e s after t h e i n t r o d u c t i o n of q u i t e smal l a m o u n t s 
of t e l l u r ium in to t h e sys t em. I t pers is ts for m o n t h s , slowly leav ing t h e b o d y , 
b y skin, lungs , u r ine , bile, a n d fseces. Of t h e diges t ive fe rments , t r y p s i n is t h e leas t 
res is t ive t o t h e des t ruc t i ve influence of t h e m e t a l . A l b u m i n a n d bile p i g m e n t a re 
usua l ly p r e s e n t in t h e u r ine . T . B o k o r n y said t h a t a 0-1 pe r cen t . a q . soln. 
of te l lur ic acid, or of p o t a s s i u m te l lur i te or t e l lu ra t e , h a s no ac t ion on va r ious algse 
a n d infusoria. W . Adolph i descr ibed a case of poisoning f rom t h e fumes of 
t e l lu rous oxide volat i l ized du r ing t h e smel t ing of some p l a t i n u m sl imes. 
N . M. S tove r a n d R . S. H o p k i n s found t h a t sod ium or p o t a s s i u m te l lur i te , or 
t e l l u r ium acid t a r t r a t e in 0-0005JV- t o 0'052V-SoIn., exe r t no pe rcep t ib le fungicidal 
ac t ion . 

S o m e uses of te l lur ium c o m p o u n d s . — O n a c c o u n t of some i n d u s t r i a l appl ica­
t ions , t e l l u r i u m is beg inn ing t o acqu i r e s o m e techn ica l i m p o r t a n c e . 5 I t h a s a very 
l imi ted app l i ca t i on i n t h e glass i n d u s t r y ; i t is u s e d in t h e p r e p a r a t i o n of o rgan ic 
dye-stuffs ; i n t h e m a n u f a c t u r e of e lectr ical e q u i p m e n t ; h igh res i s tance al loys 
a n d u l t r a m a r i n e ; in t h e colour ing of l i t h o p h o n e ; t h e s t a in ing of si lver ; a s a 
de l ica te t e s t of s ter i l iza t ion in bac te r io logy ; a n d as a t o n i n g a g e n t in p h o t o g r a p h y . 
A c o m p o u n d of t e l l u r i um h a s b e e n u s e d a s a n a n t i - k n o c k c o n s t i t u e n t of m o t o r 
fuels, a n d i t s use is sa id t o l ead t o g r e a t e r efficiency. R e m a r k a b l e p rope r t i e s a r e 
s h o w n b y t h e a l loys of t e l l u r i u m ; t h e t i n a l loys a r e e x t r e m e l y h a r d a n d h a v e 
v e r y g r e a t tens i le s t r e n g t h ; a n d t h e a l u m i n i u m al loys a r e v e r y duc t i l e . T h e s i lver 
a l loys h a v e b e e n used . T h e e l e m e n t is po i sonous , a n d is fair ly r ead i ly a b s o r b e d — 
e.g. f r om gold d e n t a l s t opp ings . F . C. M a t h e r s a n d J . P a p i s h used soln. of sa l t s 
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of tellurium for staining metals ; C. Dickens used colloidal tellurium as an insecti­
cide, germicide, fungicide, and wood preservative. 
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§ 5. The Atomic Weight and Valency of Tellurium 
L e teUure a done sub i t o u t e s les t o r t u r e s a u x q u e l l e s u n c o r p s p e n t e t r e s o u m i s . I I a. 

e t e fondu , s u b l i m e , o x y d e , h y d r o g e n e , d i s sous e t p r e c i p i t e , xnais, Ie n o m b r e 121$, repre-
s e n t a n t Ie po ids a t o m i q u e d e t e l l u r e p u r , i n s c r i t d a n s son t a b l e a u p e r i o d i q u e par m e n -
deleeff, n ' a e t e , j u squ ' i c i , conf i rme p a r personne .—Cr. N . W Y E O U B O F F . 

Tellurium shows a clear and definite relationship to selenium and t o sulphur. 
This is evidenced by the valencies as shown b y corresponding compounds . Thus , 
tellurium is bivalent in tel lurium dichloride, TeCl2 , hydrogen telluride, H 2 T e , t h e 
organic tellurides—e.g. e thyl telluride, (C2H5J2Te, prepared b y A. Marquardt a n d 
A. Michaelis 1 — a n d the inorganic tellurides—e.g. Ag 2 Te, etc. According t o 
F . Becker, and A. Cahours the organic tellurides form addit ive compounds wi th 
the alkyl iodides yielding the so-called telluronium salts—e.g. tr iethyl te l luronium 
iodide, (C2H5J3TeI, in which the tel lurium is quadrivalent. There are also com­
pounds like diethyl tellurium oxide, (C2H6J2TeO, and the salts (C2H5J2TeCl2 , e tc . , 
in which the tellurium is also quadrivalent. According to G. Pellini, (C 6 H 5 J 2 TeBr 2 
is isomorphous with the corresponding selenium compound (C 6H 5J 2SeBr 2 . Accord­
ing to T. M. Lowry, the tetrahedral configuration of the sulphur and selenium does 
not apply to tellurium since R. H. Vernon has isolated t w o stereoisomeric forms of 
E . A. X)einar cay's dimethyl tel luronium diiodide : 

C H 3 > T e < I a n d ™ 3 > T e < J H 3 

The isomerism is best explained on the assumpt ion t h a t t h e four valencies of te l lu­
rium lie in one plane. I n these compounds, t w o of the valencies of tel lurium appear 
to be different from the other two , whereas wi th sulphur and selenium, one va lency 
appears to be different from the other three. Hence , the same argument which 
indicates that the four radicles of isopropylidene iodide 

CH3 p, I 
C H 3

> 0 < I 
are not coplanar shows that the four radicles in the analogous compounds of tel lu­
rium have a square not a tetrahedral configuration. The subject was discussed 
b y R. E. Goldstein, and b y T. M. Lowry and co-workers. The quadrivalency of 
tellurium is also il lustrated b y tel lurium tetrachloride, TeCl4, which, according 
to A. Michaelis, has a normal vap . density, and passes into tellurous acid, TeO(OHJ2 , 
when treated with water. The sexivalency of tel lurium is represented b y t h e 
hexafluoride, TeF 6 , prepared b y E . B. R. Prideaux, b u t not so clearly in telluric 
acid, known only in the form of the dihydrate, H 2 TeO 4 . 2H 2 O, which m a y be ortho-
telluric acid, Te(OH) 6 , and in the tellurates which have a formal resemblance t o 
the selenates and sulphates. The isomorphism of these salts has been previously 
discussed. I. I . Tschernyeff discussed the constitution of the complex salts ; 
and J. N . Frers, the place of tellurium in the periodic table. 

According to the periodic law, tellurium should have an at. wt . be tween t h a t of 
ant imony and iod ine—that is, i t should be greater than 120, and less t h a n 126. 
J. J . Berzelius 2 gave 128 for the at. wt . of tellurium, while iodine has an at . wt . 
v e r y near to 126-5. D . I. Mendeleeff accepted 125 for the at . wt . based, he said, 
on the work of B . Brauner ; but this value for t h e at. wt . of tel lurium is t o o low ; 
all the best determinations agree that the at . wt . of tel lurium is above t h a t of iodine. 
This means t h a t either all the observations are affected b y a constant error, or else 
the theory is insufficient t o describe the facts. 

B . Brauner said tha t tellurium is not a simple substance, because on distil l ing 
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tel lurium in a current of hydrogen, or the tetrabromide, in vacuo , i t can be separated 
into t w o const i tuents , one more volat i le than the other, and having a different 
at . wt . H e added tha t as a result of fractional precipitation w i th ammonia , tel lu­
rium as ordinarily understood is probably a mixture of three e lements , and t h a t 
pure, red tel lurium remains t o be discovered. P . E . Browning and R. F l in t also 
said tha t if purified tel lurium tetrachloride be partial ly hydrolyzed b y water, and 
the precipitated te l lurium dioxide separated b y filtration the tel lurium has an at . 
wt . of 126-53 ; whereas the tel lurium salt remaining in soln., w h e n precipitated b y 
ammonia and a sl ight excess of acetic acid, contains tel lurium which has an at . wt . 
of 128-97. They called the former <x-tellurium,, and the latter fi-tellurium. These 
results were subsequent ly confirmed b y R. Flint . Gr. Pellini suggested t h a t tel lu­
rium contains a small quant i ty of an e lement of at . wt . 212, apparently correspond­
ing wi th D . I. MendeleefFs di-tellurium, D t , which B . Brauner called austriacum, 
and which is said t o be analogous t o the radioactive const i tuents of pitchblende. 
W. Griinewald said t h a t his spectroscopic observations on te l lurium agree wi th 
the assumpt ion that a dwi-telluriurn was present. E . W . Wetherell asked : 

M a y i t n o t bo possible t l iat the a t o m s of a n e l ement m a y in s o m e eases h a v e a satel l i te 
a m i n u t e b o d y inseparable from the a t o m b y a n y m e a n s a t our disposal , y e t one which 

m a y mater ia l ly affect t h e propert ies of an e l ement ? Such sate l l i te w o u l d in n o w a y upse t 
the law of Avogadro t h a t equal vo l s , of a gas under equal press , a n d t e m p , conta in equal 
numbers of molecules , as the satel l i te is an integral part of the molecule ; i t m i g h t e v e n 
account for the very s l ight dev ia t ion from t h e law which has been observed. 

These speculat ions and observat ions have not been supported b y others, and this 
in spite of a bias, so t o speak, in favour of the heterogeneity of tel lurium. 
A. G. V. Harcourt and H . B . Baker at tr ibuted the results b y P . E . Browning and 
R. Fl int to the failure of the m e t h o d s of purification t o remove some e lement of 
lower eq. wt . than tel lurium, and t h a t this impuri ty accumulated b y the process 
of fractionation employed . A. Gr. V. Harcourt and H . B. Baker were unable to 
confirm R. Fl int 's results. W . G. Morgan, and G. Pell ini obtained results in agree­
m e n t with those of A. G. V. Harcourt and H. B . Baker, and oj>posed t o those of 
R. Fl int . W. Marckwald bel ieved t h a t b y a laborious fractional crystall ization 
of telluric acid, lie obtained tel lurium of lower at. wt . t h a n t h a t of iodine, b u t on 
repeating the work b y a more trustworthy process, W. Marckwald and A. Foizik 
concluded t h a t no separation of the tel lurium had been effected. L. Staudenmaier 
fractionally crystal l ized telluric acid ; J. F . N orris and co-workers fractionally 
crystall ized potass ium bromotel lurate ; J . F . Norris fractionally disti l led tellurium 
dioxide ; H. B . Baker and A. H . B e n n e t t fractionally crystal l ized telluric acid, 
fractionally dissolved barium tellurate, and fractionally disti l led the metal , the 
chloride, and the dioxide, fractionally decomposed the hydride, fractionally pre­
cipitated the chloride, and fractionally electrolyzed the bromide and the chloride ; 
V. Lenher fractionally precipitated the tetrachloride or complex chlorides ; fraction­
ally precipitated the tetrachloride with ferrous salts, and fractionally dissolved 
tel lurium in hydrochloric acid in the presence of air. W. L. D u d l e y and P . C. Bowers 
fractionally precipitated tel lurium b y a hydrazine salt ; O. Steiner, and G. Pellini 
fractionally distilled phenyl telluride ; and G. Pellini fractionally hydrolyzed the 
tetrachloride, and fractionally electrolyzed a soln. of tel lurium dioxide in sulphuric 
acid and a m m o n i u m hydrotartrate . I n all cases, these invest igators were unable 
to dist inguish a n y difference in the at . wts . of the different fractions, and. they 
concluded t h a t tel lurium is chemical ly homogeneous ; i.e. if tel lurium is a mixture 
the components cannot be separated b y the processes so far invest igated. The 
differences observed b y W . Bet te l in the cupel lat ion of silver telluride ores were 
at tr ibuted b y H . B . Baker t o differences in the surface tensions of silver telluride 
and silver ; and have no bearing an the controversy on the complex i ty of tellurium 
*—vide infra 9 i sotopes . 

J , J . Berzelius 3 made the first a t t e m p t to determine the at . wt . of tellurium 
b y oxidizing the e lement to the dioxide by means of nitric acid, and from the ratio 
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T e : T e O 2 , lie ca lcu la ted 128-34 for t h e a t . w t . w h e n his d a t a a r e r e d u c e d t o o x y g e n 
16 a s t h e s t a n d a r d . W . L. Wills also o b t a i n e d resu l t s r a n g i n g from 126-64 t o 
129*66 ; a n d a whole series of obse rva t ions on t h e o x i d a t i o n of t e l l u r i u m t o t h e 
dioxide , or t h e r educ t ion of t h e d ioxide t o t e l l u r i u m h a v e b e e n m a d e . Thus, for 
t h e oxida t ion , B . B r a u n e r ob t a ined 125-72, a n d for t h e r educ t i on , 127*46 ; G. Pell ini 
ob ta ined for t h e ox ida t ion 127-657, a n d for t h e r educ t ion , 127-625 ; G. Gallo found 
127 053 ; V. Lenher , 127-50 ; A. Gutb ie r , 127-585, 127-609, and 126-74 ; L . Stauden-
maier , 127-60 ; R . Metzner , 128-032 ; K . B . Heber le in , 127-002 ; L.. M. D e n n i s 
a n d R. P . Anderson, 127-61 ; A. S tah le r a n d B . Tesch, 127-513 ; a n d P . Bruy-
lantfci a n d C. Desmet , 127-75. J . B . A. D u m a s b y a n u n p u b l i s h e d m e t h o d obtained 
129 for t h e a t . w t . of t e l lu r ium. 

C. v o n H a u e r ana lyzed po t a s s ium b r o m o t e l l u r a t e , a n d f rom t h e ratio 
K 2 T e B r 6 : 6AgBr, ob ta ined 127-64 ; W . L . Wil ls f rom t h e s a m e r a t i o o b t a i n e d 
127-10. B . B r a u n e r ob ta ined from t h e r a t io T e B r : 4Ag, 127-64 ; M. Chikash ige , 
127-42 ; H . B . B a k e r a n d A. H . B e n n e t t o b t a i n e d f rom t h e r a t i o Te : TeBr 4 , 127-53 
( B r = 7 4 - 9 2 ) . W . L . D u d l e y a n d P . C. Bowers p r e c i p i t a t e d t e l l u r i u m b y a h y d r a ­
zine sa l t a n d from t h e r a t io TeBr 4 : Te , ca lcu la ted 127-479. V . L e n h e r o b t a i n e d 
127-57 from t h e r a t io K 2 T e B r 6 : 2KCl. L. S t a u d e n m a i e r o b t a i n e d 127-16 f rom 
t h e ra t io H 6 T e O 6 : TeO 2 , a n d 127 31 from t h e r a t io H 6 T e O 6 : Te ; W . M a r c k w a l d 
gave 126-81 ; a n d K . B . Heber le in s imilar ly ob ta ined 126-72. H . B . B a k e r ob j ec t ed 
t o te l lur ic acid as a s t a r t i ng po in t because of t h e difficulty in o b t a i n i n g t h e ac id 
wi th exac t ly t h e r igh t p ropor t ion of w a t e r of c rys ta l l i za t ion , H 2 T e O 4 . 2 H 2 O . 
K . B . Heber le in t r e a t e d te l lur ic ac id w i t h hydroch lo r ic acid, col lected t h e l i b e r a t e d 
chlor ine in po ta s s ium iodide, a n d t i t r a t e d t h e freed iodine w i t h s t a n d a r d t h i o -
s u l p h a t e ; he t h u s o b t a i n e d Te = 127-223. O. S te iner a n a l y z e d p h e n y l t e l lu r ide , 
a n d from t h e r a t io (C 6 H 5 ) 2 Te : 12CO 2 ob t a ined T e = 1 2 6 - 4 2 ; A. S c o t t f rom t h e 
r a t io (CH 3 ) 3 TeI : AgI ob ta ined 127-56 ; a n d f rom t h e r a t io (CH 3 ) 3 TeBr : Ag, 
127-72. J . F . Norr i s igni ted t h e bas ic n i t r a t e , a n d from t h e r a t i o T e 2 H N O 7 : 2 T e O 2 
o b t a i n e d 127-48. W . L. D u d l e y a n d P . C. Bowers showed t h a t t h e bas ic n i t r a t e 
m e t h o d is n o t so rel iable owing t o va r i a t ions in compos i t ion w i t h v a r i a t i o n s in t h e 
n a t u r e of t h e p rec ip i t a t e . H . B . B a k e r a n d A. H . B e n n e t t h e a t e d t e l l u r i u m d iox ide 
wi th su lphur , a n d from t h e r a t io T e O 2 : SO 2 , o b t a i n e d 127-62. W . M a r c k w a l d 
a n d A. Foiz ik said t h a t t h e resul ts b y t h i s process a r e n o t so good owing t o t h e 
fo rmat ion of a l i t t le su lphur t r iox ide . F . A. Oooch a n d J . H o w l a n d oxidized 
a n a lka l ine soln. of t e l lu r ium dioxide t o te l lur ic acid b y a d d i n g a n excess of a 
s t a n d a r d soln. of p e r m a n g a n a t e , a n d after acidif icat ion w i t h su lphur ic acid, t i t r a t e d 
b a c k t h e excess w i t h oxalic acid. T h e y t h u s o b t a i n e d 126*92 for t h e a t . w t . of 
t e l l u r ium ; J . F . Norr i s a n d H . F a y d e t e r m i n e d t h e excess of p e r m a n g a n a t e iodo-
met r ica l ly . W . Marckwa ld a n d A. Foiz ik also ox id ized t h e t e l l u r i um d iox ide t o 
te l lur ic ac id b y p e r m a n g a n a t e in a n acidic or a n a lka l ine soln. T h e r e su l t s g a v e 
127-61 for t h e a t . w t . of t e l lu r ium. P . B r u y l a n t s a n d J . Michielsen ca l cu la t ed 
127-8 f rom t h e ra t io Te : H 2 in h y d r o g e n te l lur ide . G. Gallo found t h e e lectro­
chemica l equ iva len t of t e l l u r i um in t e r m s of silver, a n d h e found t h a t if t h e a t w t 
of si lver b e 107-880, t h a t of t e l l u r i u m is 127-053. 
_ T h e ava i lab le d a t a were rev iewed b y K . Seuber t , a n d P . K o t h n e r in 1903 ; a n d 
b y F W . Clarke m 1910. F . W . Clarke g a v e 127-5 as t h e be s t r e p r e s e n t a t i v e v a l u e 
for t h e a t . w t . ; a n d t h e I n t e r n a t i o n a l Tab le for 1926, 127-5, a n d for iodine, 126-92 
Te l lu r ium is therefore considered t o b e a misfit in t h e per iod ic t a b l e of a t . w t s 
As GN. Wyrouboff ,4 a n d H . Wi lde expressed i t , t h e law of pe r iod ic i ty ceases t o 
be va l id . J . W . R e t g e r s accord ing ly a r g u e d t h a t t e l l u r i u m shou ld b e p l a c e d in 
tbe e i g h t h g roup , a n d h e said, i n s u p p o r t of th i s , t h a t p o t a s s i u m t e l l u r a t e and 
o s m i a t e a re i somorphous . On t h e o t h e r h a n d , W . M u t h m a n n sa id t h a t t h e genera l 
c h a r a c t e r of t e l lu r ium ; t h e i somorph i sm of p o t a s s i u m se len ium b r o m i d e , and 
p o t a s s i u m t e l l u r i um c h l o r i d e ; a n d t h e i somorph i sm of t h e t r i gona l fo rms of 
t e U u r m m a n d se len ium m a k e t e l l u r i um fitted for a p lace in t h e per iodic t a b l e a l ong 
w i t h sulphur a n d se lenium. As ind ica t ed a b o v e , J . W . R e t g e r s cons idered t h a t the 
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cases of i s o m o r p h i s m c i t ed b y W . M u t h m a n n a r e o p e n t o d o u b t . I n sp i t e of t h i s , 
t h e chemica l c h a r a c t e r s a lone , i n t h e o p i n i o n of K . S e u b e r t , m a k e t e l l u r i u m a 
m e m b e r of t h e su lphu r - s e l en ium fami ly ; a n d , a d d e d A. G u t b i e r a n d F . F l u r y , 
t h e a n o m a l y -would n o t b e a v o i d e d b y p l a c i n g t e l l u r i u m i n t h e e i g h t h g r o u p a w a y 
f rom i t s c o n g e n e r s s u l p h u r a n d t e l l u r i u m i n t h e s i x t h g r o u p . A. W e r n e r s h o w e d 
t h a t t h e a n o m a l y e x h i b i t e d b y t e l l u r i u m is itself pe r iod ic a n d a p p e a r s i n o t h e r 
p a r t s of t h e t ab le—e .g . w i t h a r g o n (39-9) a n d p o t a s s i u m (39-15) ; w i t h c o b a l t 
(59-0) a n d n icke l (58-7) ; a n d w i t h n e o d y m i u m (143-6) a n d p r a s e o d y m i u m (140-5). 
P . KusnetzofT p o i n t e d o u t t h a t w h e n t h e differences in t h e a t . w t s . of t h e e l e m e n t s 
in t h e u n e v e n pe r iods a r e t a b u l a t e d , t h e y show a r e g u l a r r ise a n d fall w i t h i n t h e 
s e p a r a t e g r o u p s . T h e n e g a t i v e difference b e t w e e n iod ine a n d t e l l u r i u m is i n acco rd 
w i t h t h e o t h e r differences in t h e s i x t h g r o u p . 

T h e case of t e l l u r i u m shows t h a t t h e pos i t i on of a n e l e m e n t in t h e per iodic 
t a b l e is n o t en t i r e ly d e p e n d e n t on i t s a t . w t . , b u t o n s o m e o t h e r p r o p e r t y of t h e 
a t o m t o w h i c h t h e a t . w t . is n e a r l y p r o p o r t i o n a l A. v a n d e n B r o e k 5 s h o w e d t h a t 
if t h e e l e m e n t s a r e a r r a n g e d in t h e o r d e r of t h e i r a t . w t s . t h e y a r e in n e a r l y all 
cases also a r r a n g e d i n t h e o r d e r of i nc reas ing n u c l e a r c h a r g e ; a n d i t is t h e nuc lea r 
cha rge n o t t h e a t . w t . w h i c h s h o u l d d e t e r m i n e t h e pos i t ion of t h e e l e m e n t i n t h e 
per iodic t a b l e ; a n d H . G. J . Moseley showed t h a t t h e v a r i a t i o n i n t h e w a v e - l e n g t h 
of t h e c h a r a c t e r i s t i c X - r a y s e m i t t e d b y different e l e m e n t s c a n b e e x p l a i n e d o n t h e 
a s s u m p t i o n t h a t t h e n u c l e a r c h a r g e inc reases b y one u n i t f rom e l e m e n t t o e l e m e n t . 
T h e nuc l ea r cha rge is r e p r e s e n t e d b y so-cal led a t o m i c n u m b e r , wh ich for t e l l u r i u m 
is 52 . 

T h e t h e o r y of i so topes h a s a lso c h a n g e d t h e p o i n t of v iew of t h e a t . w t . q u e s t i o n . 
Accord ing t o P . W . A s t o n , 6 t h e m a s s s p e c t r u m of t e l l u r i u m gives l ines c o r r e s p o n d i n g 
w i t h i so topes of t h e a t . w t s . 126, 128, a n d 130, t h e in t ens i t i e s of t h e l a t t e r t w o 
be ing e q u a l a n d d o u b l e t h a t of t h e first. All t h e m a s s n u m b e r s of t e l l u r i u m p ro ­
b a b l y f o r m m e m b e r s of i sobar ic pa i r s . H . P e t t e r s s o n a n d Gr. K i r s ch 7 obse rved 
ev idence of a t o m i c disruption w h e n t e l l u r i u m is b o m b a r d e d b y a - r a y s . H . Miiller 
o b t a i n e d n o ev idence of t h i s . A. L . !Foley s t u d i e d t h e ac t ion of u l t r a -v io l e t l i g h t ; 
a n d of X - r a y s on t e l l u r i u m confined in sea led g lass t u b e s w h e n t h e s p e c t r a a r e 
pe r iod ica l ly e x a m i n e d . T h e r e su l t s were indef ini te . T h e e lec tronic structure 
acco rd ing t o N . B o h r is (2) (4, 4) (6, 6, 6) (6, 6, 6) (4, 2). T h e sub j ec t was discussed 
b y M. L . H u g g i n s , G. I . P o k r o w s k y , C. P . S m y t h , H . G. G r i m m a n d A. Sommer fe ld , 
J . IX M. S m i t h , J . O. S la te r , a n d C. IX N i v e n . 

Polonium is d i scussed in connec t ion w i t h r a d i u m . 
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§ 6. Hydrogen Telluride 

J . W . H i t t e r 1 observed t h a t w h e n w a t e r is e lectrolyzed w i t h a t e l lu r ium c a t h o d e , 
no h y d r o g e n is evolved on t h e me ta l , b u t t h e l iquid is co loured owing, he s u p p o s e d ' 
to t h e fo rmat ion of a t e l l u r ium h y d r i d e ; H . D a v y also found t h a t , u n d e r s imilar 
c i r cums tances , t h e w a t e r a b o u t t h e c a t h o d e acqui res a p u r p l e t i n t owing t o t h e 
fo rma t ion of h y d r o g e n te l lur ide . If a ir be p resen t , a b r o w n powder is p r ec ip i t a t ed 
which h e r ega rded as a t e l l u r ium h y d r i d e con ta in ing a smal ler q u a n t i t y of h y d r o g e n . 
On t h e o t h e r h a n d , H . G. M a g n u s showed t h a t t h e b r o w n p o w d e r is n o t h i n g b u t 
meta l l i c t e l lu r ium, a n d i t is p r ec ip i t a t ed even w h e n t h o r o u g h l y boi led w a t e r is 
e m p l o y e d because of t h e diffusion of c a t h o d i c o x y g e n i n t o t h e l i qu id . If t h e 
w a t e r b e acidified, n o b r o w n powder is depos i t ed because t h e h y d r o g e n t e l lu r ide 
which is t h e n p roduced , be ing b u t s l igh t ly so luble in t h e ac id l iquor , escapes a s a 
gas . Gaseous hydrogen telluride, H 2 T e , w a s d iscovered b y H . D a v y . 

H . D a v y obse rved t h a t w h e n t h e t e l l u r i d e — o b t a i n e d b y e lec t ro lys ing p o t a s s i u m 
h y d r o x i d e b y m e a n s of a t e l l u r ium c a t h o d e ; or b y h e a t i n g p o t a s s i u m a n d t e l l u r i u m 
t o g e t h e r — i s t r e a t e d w i t h dil . hydroch lor ic acid, t h e r e is a v io len t effervescence, 
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a n d a n aer i form c o m p o u n d of t e l l u r i u m a n d h y d r o g e n is p r o d u c e d which smells 
ve ry l ike h y d r o g e n su lph ide , a n d wh ich gives e l e m e n t a l t e l l u r i u m w h e n i t comes 
in c o n t a c t w i t h air . As i n d i c a t e d p rev ious ly , H . D a v y , F . Becker , J . L o w e , 
E . Pr iwoznik , F . J o n e s , B . B r a u n e r , A. D i t t e , a n d A. G u t b i e r d iscussed t h e d i rec t 
un ion of h y d r o g e n w i t h h e a t e d t e l l u r i um. M. G. W e b e r o b t a i n e d on ly t r a c e s of t h e 
te l lur ide t o be fo rmed b y t h e d i r ec t u n i o n of t h e t w o e l emen t s . E . Pozz i -Esco t 
observed on ly a v e r y s l ight h y d r o g e n a t i o n of t e l l u r i u m occurs d u r i n g d i a s t a t i c fer­
m e n t a t i o n . H y d r o g e n t e l lu r ide is p r o d u c e d b y t h e 
ac t ion of ac ids on te l lur ides—e.g . H . D a v y , a n d 
A. B i n e a u used p o t a s s i u m te l lu r ide ; J . J". Berzel ius , 
zinc or i ron te l lu r ide ; a n d M. B e r t h e l o t a n d C F a b r e , 
m a g n e s i u m te l lur ide . M. Gr. W e b e r o b t a i n e d on ly 
a poor yie ld b y t h e a c t i o n of a n ac id on m a g n e s i u m 
te l lur ide ; a n d E . E r n y e i , a gas w i t h on ly 5 pe r 
cent , of h y d r o g e n te l lu r ide . F . Wohle r , L . M. D e n n i s 
a n d R . P . Ande r son , a n d R . de F o r c r a n d a n d 
U . Fonzes -D iacon found t h a t w a t e r a c t i n g on 
a l u m i n i u m te l lu r ide furnishes h y d r o g e n te l lu r ide ; 
E . Di vers a n d M\ Sh imose a c t e d on zinc w i t h a soln. Fia 6 Tlie Preparat ion of 
of t e l l u r ium d iox ide in su lphu r i c ac id . J . C. Poggen- Hydrogen Telluride. 
dorfi o b t a i n e d h y d r o g e n te l lu r ide b y t h e electrolysis 
of di l . su lphur i c ac id w i t h a t e l l u r i u m c a t h o d e . A. C. V o u r n a s o s obse rved t h e 
fo rma t ion of h y d r o g e n te l lu r ide w h e n t e l l u r i u m is h e a t e d w i th s o d i u m f o r m a t e 
t o 400°. T h e yield is l imi ted because of t h e reverse r e a c t i o n — t h e decompos i t i on 
of t h e t e l lu r ide . I n al l t h e s e cases , t h e p r o d u c t is c o n t a m i n a t e d w i t h m u c h 
h y d r o g e n . B y t h e e lectrolysis of 5O pe r cen t , su lphur i c ac id , in a n a p p a r a t u s 
resembl ing F ig . 6, E . E r n y e i o b t a i n e d a gas c o n t a i n i n g on ly 5 t o 6 per cen t , of 
hyd rogen . M. G. W e b e r also o b t a i n e d t h e b e s t y ie ld b y t h e e lec t ro ly t ic process . 
E . E r n y e i ' s a p p a r a t u s is a s follows : 

The negat ive pole is of te l lur ium ; the e lectrolyte of 50 per cent , sulphuric acid is 
cooled during the electrolysis b e t w e e n —15° a n d —20° . The electrolyt ic cell has a dia­
phragm, Kig. 6, of parchment paper t o retard m o v e m e n t s of t h e e lectrolyte . T w o glass 
tubes rise from th i s ce l l—the one over the pos i t ive pole is fitted w i t h a t w o - w a y cork, 
funnel and bent tube . The latter is t o introduce l iquid into the cell, and t h e former is to 
al low air t o be washed from the apparatvis b y a current of hydrogen before the e lectrolyte 
is introduced, and afterwards for the e x i t of t h e anode gases . The tube over the negat ive 
pole has a part i t ion above w h i c h calc ium chloride and phosphorus pentox ide can be x>laced 
for drying the gas . The fittings are all of g lass since cork and rubber decompose the gas . 
W . H e m p e l and M. O. Weber cooled the vessel w i t h solid carbon dioxide and alcohol ; 
and protected the apparatus from l ight . 

L. M. D e n n i s a n d R . P . A n d e r s o n p r e p a r e d t h e gas b y t h e e lectrolysis of a 
50 per cen t . soln. of p h o s p h o r i c ac id u s ing a t e l l u r i u m c a t h o d e a n d p l a t i n u m anode . 
The h y d r o g e n t e l lu r ide w a s purif ied b y l iquefac t ion , a n d f rac t iona l d is t i l la t ion a 
n u m b e r of t imes . P . B r u y l a n t s a n d J . Michielsen purif ied t h e gas f rom t h e e lect ro­
lysis of su lphur i c ac id in a s imi lar w a y , a n d e m p l o y e d i t in t h e i r d e t e r m i n a t i o n s of 
t h e a t . w t . of t e l lu r ium. L . Moser a n d K . E r t l sa id t h a t t h e be s t w a y of p r e p a r i n g 
t h e gas is t o d r o p p o w d e r e d a l u m i n i u m t e l l u r ide i n t o di l . hydroch lo r i c ac id in a n 
a t m . of n i t rogen . T h e b e s t y ie ld w a s 8 0 pe r c e n t , of t h e t heo re t i ca l . T h e gas w a s 
liquefied i n a t u b e cooled w i t h a m i x t u r e of sol id c a r b o n d iox ide a n d e ther , ! l iquid 
h y d r o g e n t e l lu r ide is sens i t ive t o l igh t , b u t t h e d r y gas is s t ab l e in l ight . F . P a n e t h 
a n d co-workers obse rved t h a t h y d r o g e n t e l l u r ide is fo rmed b y a n electr ic d i scharge 
w i th t e l l u r i u m e lec t rodes in h y d r o g e n . 

H . D a v y desc r ibed h y d r o g e n t e l lu r ide as a colour less gas w i t h a foetid smel l 
l ike t h a t of h y d r o g e n su lph ide ; a n d M. B e r t h e l o t a n d C. F a b r e sa id t h a t i t s odou r 
is different from t h a t of h y d r o g e n su lph ide , or se lenide , a n d i t s l ight ly resembles 
t h a t of h y d r o g e n a r sen ide . I t s a c t i on o n t h e a n i m a l e c o n o m y is v e r y m u c h less 
i r r i t a t i ng t h a n is t h a t of t h e selenide. A. B i n e a u e s t i m a t e d t h e vapour dens i ty 
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to be 4-49 (air unity) when the calculated value for H2Te is 4*48. E. Ernyei deter­
mined the vap. density to be 4*49. When the gas is cooled with solid carbon dioxide, 
it forms lemon-yellow, needle-like crystals with the melting point —54° according 
to E. Ernyei, and —48° according to R. de Forcrand and H. Fonzes-Diacon. The 
liquid is greenish-yellow, and it has a specific gravity of 2-57 at 20° ; P. Bruylants 
gave 2*65 at 0°. E. Rabinowitsch gave 48*9 for the mol. vol. H. Remy discussed 
the structure of hydrogen telluride. P. Bruylants found the vapour pressure, 
p mm., to be 

— 60° — 5 0 ° — 4 0 ° — 3 0 ° — 2 0 ° — 1 0 ° 0 ° 
V . 3 6 79 139 234 370 555 808 

The boiling point is 0° at 760 mm. E. Ernyei said the b.p. is over 0° ; E. Q. Adams 
studied the relation between the b.p. and composition. P. Bruylants gave —1*8°, 
and he estimated the critical temperature to be at about 200°. The triple point 
is at —45-4° and 102 mm. ; the latent heat of vaporization was estimated 
to be 5-7 cals. M. Berthelot and C. Fabre found that the heat of formation is 
(H2ga8, TeCryBt.)=H2TeKas—35-0 CaIs. ; and K. de Forcrand gave —50*8 CaIs. 
for the solid telluride. The heat of formation of water, hydrogen sulphide and 
hydrogen selenide are respectively 59-0, 4-6, and —12-3 CaIs. ; thus showing that 
in the oxygen group, as in the chlorine group, the energy of combination with 
hydrogen diminishes as the at. wt. of the element rises. A OliV-soln. of hydrogen 
telluride, in the absence of air, according to Li. Bruner, has a sp. electrical Con­
ductivity of 2 x 10-3, and at this cone, is 50 per cent, ionized. M. de Hlasko found 
for the mol. conductivity JJL, of soln. of hydrogen telluride at 18° ; the sp. con­
ductivity k ohms ; the ionization constant k, where jfe=a2/(l—a)v ; and a, repre­
sents the degree of ionization : 

/* 
k 
K 
CL 

0-093JV-

56 
0 0 0 1 2 4 
0-00240 
O 148 

0-0667JV. 

6 3 
0 0 0 4 2 1 5 
0 0 0 2 2 3 
O-166 

0 0 6 1 7 8 J V -
6 7 

0 0 0 4 0 6 1 
0-00226 
0 1 7 6 

0-3442JNT-
8 5 5 

0 0 0 2 9 4 2 
0 0 0 2 2 2 
0-225 

0-023262V-
107-5 

0-002497 
0 0 0 2 5 9 
0-283 

0-01186iV-
1 3 6 

0 0 0 1 6 0 7 
0-00250 
0-360 

208-5 
0 0 0 0 5 7 9 
0 0 0 1 8 0 
0-549 

The mean value of the ionization constant is if=0-00227 at 18°. Hydrogen 
telluride thus appears to be a stronger acid than hydrogen fluoride. The increase 
in the strength of the hydrogen acids of this family of elements thus increases 
rapidly with increasing at. wt. Thus, the ionization constants for H2O is 0-64 X 1O-1* 
for H2S, 091 x 10-7 ; H2Se, 1 -88 x IO"* ; and for H2Te, 2-27 x 10-3. The increasing 
acidity with increasing at. wt. was also noted by L1. Bruner 

Hydrogen telluride was found by M. Berthelot and C. Fabre to be very unstable 
even m darkness E. Ernyei also found that decomposition occurs in a sealed 
tube, and it can be kept for a couple of days while cooled by a freezing mixture, 
but even Under 0 it decomposes into tellurium and hydrogen. A. Ditte said 
that when warmed, it behaves like hydrogen selenide, but at a much lower 
t e m P- jffe, 8 a i d t h a t x t becomes more stable at a somewhat higher temp., but at 
a still higher temp., a large proportion is decomposed. Both H. Davy, and 

V f i r 1 - J- ^ * t h e g a s b u r n s i n •*» ^ 1** 1 a P a l e W u e flame forming water, 
and tellurium dioxide. According to M. Berthelot and C. Fabre, and R de For­
crand and H. Fonzes-Diacon the gas is decomposed at once by moist air, and a 
piece of moist filter-paper in contact with the gas is blackened immediately. The 
gas dissolves in water forming a red soln.—presumably owing to the separation of 
tellurium. The aq soln. reddens litmus ; water with air in soln. at once decom­
poses the gas L. Bruner added that if a bubble of oxygen be allowed to come in 
contact with the aq. soln. of the gas, the soln. is decomposed, tellurium separates, 
«nd the conductivity falls to zero, thus proving that the electrical conductivity of 
the aq. soln. is really due to the hydrogen telluride. H. Davy found that chlorine 
^ M ^ r i g 0 r C T & ^ * h ̂ e £ a S fo™*?8 tellurium which is quickly converted into 
chloride ; and E. Ernyei observed that an aq. soln. of bromine is decolorized by 
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t h e gas ; a n d s imi lar ly also w i t h iodine* Accord ing t o C. W h i t e h e a d , t e l lur ium 
tetrachloride r e ac t s w i t h t h e gas : 2 H g T e + T e C l 4 = 3 T e + 4 H C l . C. W h i t e h e a d 
sa id t h a t t h e soln. in 95 per cent , a l coho l is s t ab l e in a i r . A. B i n e a u obse rved t h a t 
w h e n h e a t e d w i t h t in , all t h e t e l l u r i u m is w i t h d r a w n , a n d a n e q u a l vo l . of h y d r o g e n 
is p r o d u c e d . H y d r o g e n te l lu r ide w a s found b y H . D a v y , a n d J . J . Berze l ius t o 
dissolve i n a n a q . soln. of a lkal i hydroxide . E . E r n y e i a d d e d t h a t t h e soln. w i t h 
a lka l i h y d r o x i d e a r e colourless , a n d t h e y b e c o m e r ed on e x p o s u r e t o a i r ; if t h e 
soln. c o n t a i n s oxygen , t e l l u r i u m s e p a r a t e s , a n d th i s s u b s e q u e n t l y dissolves fo rming 
a r e d soln. of p o t a s s i u m te l lu r ide . H y d r o g e n t e l lu r ide r educes ferric chloride t o 
fer rous ch lor ide ; M. B e r t h e l o t a n d C. F a b r e r e p r e s e n t e d t h e r eac t ion 
2 F e C l 8 a q . + H 2 T e = T e + 2 F e C l 2 a q . + 2 H C l a Q . + 5 8 - 2 4 CaIs. E . E r n y e i also found t h a t 
t h e gas r educes mercur ic chloride t o m e r c u r o u s ch lor ide . A. B r u k l s t u d i e d t h e 
ac t ion of t h e gas on m e t a l s a l t so ln .—vide t h e t e l lu r ides . 

Accord ing t o E . D i v e r s a n d M. Sh imose , if h y d r o g e n te l lu r ide m a d e b y t h e 
a c t i o n of z inc a n d su lphu r i c ac id ho ld ing t e l l u r i u m d iox ide in soln. be pas sed 
i n t o m o r e of t h e t e l l u r a t e d su lphu r i c acid, n o t d i l u t e d w i th wa te r , a r ed soln. of 
t e l l u r i u m s u l p h o t r i o x i d e is fo rmed : 2 H 2 T e + T e O 2 + 3 H 2 S O 4 = 5 H a O + 3TeSO 3 , a n d 
a s t h e pa s sage of t h e gas c o n t i n u e s , t h e r ed su lpho t r i ox ide is d e s t r o y e d , a n d t h e r e is 
fo rmed a b r o w n insoluble s u b s t a n c e which in s o m e p a r t s a p p e a r s in t h e form of sca ly , 
b l ack pa r t i c l es w i t h a me ta l l i c l u s t r e , a n d which is t h o u g h t t o be h y d r o g e n per-
telluride. I t s so lub i l i ty in s u l p h u r i c acid , a n d i t s a p p e a r a n c e is sa id t o i nd ica t e 
t h a t i t is n o t e l emen ta l t e l l u r i u m . I t m a y , howeve r , f o rm a r ed soln. if t r e a t e d 
wi th su lphu r i c ac id c o n t a i n i n g t e l l u r i u m s u l p h a t e , o r if fresh s u l p h u r i c ac id be 
a d d e d t o t h e m o t h e r - l i q u o r . I n t h i s case , t h e s u l p h u r i c a c id p r o b a b l y exercises 
a n oxid iz ing p o w e r b y c o n t a i n i n g t r a c e s of d i sso lved oxygen , o r ox id iz ing a g e n t s . 
I t redissolves in i t s o w n m o t h e r - l i q u o r w h e n t h e m i x t u r e is e x p o s e d t o t h e air , t h e 
d i sso lu t ion p roceed ing f rom t h e sur face of t h e l i qu id d o w n w a r d s , e v i d e n t l y a case 
of a t m . o x i d a t i o n . B u t i t a lso r ed i s so lves s lowly w h e n sea led u p wi th i t s m o t h e r -
l iquor in glass t u b e s in a n a t m . of h y d r o g e n , a n d t h i s d i s so lu t ion of i t is a c c o m p a n i e d 
b y r e d u c t i o n of t h e s u l p h u r i c ac id ; for on o p e n i n g t h e t u b e s , t h e smel l of s u l p h u r 
d iox ide is d i s t i nc t . T h i s r e d u c t i o n of su lphu r i c ac id f u r t h e r shows t h a t t h e p re ­
c i p i t a t e is n o t t e l l u r ium, a s t h i s s u b s t a n c e dissolves w i t h o u t fo rming s u l p h u r 
d iox ide . T h e h y d r o g e n of t h e per t e l lu r ide is r e ad i l y ox id ized b y a i r in t h e p resence 
of su lphur i c ac id , a n d m o r e s lowly b y s u l p h u r i c ac id a lone , w i th t h e p r o d u c t i o n of 
s u l p h u r d iox ide . 
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§ 7. The Tellurides 
A. F . H a l l i m o n d 1 discussed t h e i somorph i sm of t h e su lph ides , se lenides , a n d 

te l lur ides . A. B ineau ob t a ined colourless p l a t e s of a m m o n i u m hydrotellUTlde* 
( N H 4 ) 2 H T e , b y br inging a m m o n i a in c o n t a c t w i t h a n excess of h y d r o g e n t e l l u r i de . 
13« W e n d e h o r s t ob ta ined t h e colourless sa l t b y pass ing purif ied h y d r o g e n se lenide 
i n t o a sa t . soln. of a m m o n i a in a n a t m . of n i t rogen , a n d cooled be low 30° . 

H . D a v y 2 p r e p a r e d potass ium telluride, p r e s u m a b l y K 2 T e , b y w a r m i n g a 
m i x t u r e of t h e t w o e lements in a n a t m . of h y d r o g e n ; c o m b i n a t i o n occurs w i t h 
incandescence . C. A. T ibba l s also ob t a ined p o t a s s i u m te l lu r ide b y t h e d i r e c t 
un ion of t h e e lements . H . D a v y ob t a ined t h i s c o m p o u n d b y t h e e lec t ro lys is of 
mo l t en po ta s s ium hydrox ide , us ing t e l lu r ium elect rodes ; if a cone . soln. of p o t a s s i u m 
h y d r o x i d e is s imilar ly t r e a t e d , t h e t e l l u r ium dissolves fo rming a r e d soln. wh ich is 
r ap id ly decomposed wi th t h e p rec ip i t a t ion of t e l l u r ium b y t h e o x y g e n l i b e r a t e d 
a t t h e anode . J . J . Berzel ius, a n d G. Magnus m e l t e d t e l l u r i u m w i t h p o t a s s i u m 
h y d r o x i d e or ca rbona t e , a n d boiled t e l lu r ium wi th cone, p o t a s h - l y e ; in b o t h cases 
some po t a s s ium te l lur i te is formed ; b u t n o t so if zinc b e p r e s e n t s ince F . a n d 
C. Heber le in observed t h a t b y boil ing oxy-sa l t s of t e l l u r i um wi th cone, p o t a s h -
lye, a n d g r anu l a t ed zinc, t h e l iquid becomes red owing t o t h e f o r m a t i o n of p o t a s s i u m 
te l lur ide . This reac t ion is r e c o m m e n d e d as a t e s t for t e l l u r i u m in mine ra l s . 
J . J . Berzel ius, M. B e r t helot a n d C. F a b re, a n d E . E r n y e i o b t a i n e d p o t a s s i u m 
te l lur ide b y t h e ac t ion of h y d r o g e n te l lu r ide on a soln. of p o t a s s i u m h y d r o x i d e in 
t h e absence of air ; A. Oppenhe im , b y me l t i ng t e l l u r i u m w i t h p o t a s s i u m c y a n i d e ; 
H . D a v y , b y hea t ing t h e te l lur i te or t e l lu ra te wi th ca rbon , or, accord ing to A. O p p e n ­
he im, in hyd rogen ; a n d C. H u g o t , b y t h e ac t ion of a soln. of p o t a s s i u m in l iqu id 
a m m o n i a on a n excess of t e l lu r ium. 

M. Be r the lo t a n d C. F a b r e descr ibed the i r p r e p a r a t i o n as colourless c rys t a l s ; 
E . D e m a r c a y said t h a t t h e soln. is pa le yel low ; C. H u g o t ' s p r e p a r a t i o n w a s 

a m o r p h o u s a n d wh i t e ; H . D a v y ' s p r e p a r a t i o n s 
were copper- red , or s teel-grey. M. B e r t h e l o t a n d 
C. F a b r e said t h a t p o t a s s i u m te l lur ide fo rms a 
colourless soln. w i th oxygen-free wa t e r . T h e 
coloured p r e p a r a t i o n s dissolve in w a t e r fo rming a 
red l iquid. T h e colour m a y b e d u e t o t h e p resence 
of a poly te l lur ide , of t h e m o n o x i d e , or of colloidal 
t e l lu r ium. If t h e s t rong ly a lka l ine soln. be t r e a t e d 
wi th a r educ ing a g e n t — s a y , phospho rus , a h y p o -
phosph i t e , or a l u m i n i u m — E . D e m a r c a y found t h a t 
t h e soln. becomes pa le yel low ; a n d s imilar ly , if a 
soln. of p o t a s s i u m te l lu r i t e be t r e a t e d w i t h a, 
r educ ing agen t , i t becomes viole t a n d t h e n yel low. 
Accord ing t o M. B e r t h e l o t a n d C. F a b r e , a n d 
E . D e m a r c a y , t h e colourless soln. r a p i d l y r e d d e n s 

m c o n t a c t w i t h air , a n d , a d d e d H . D a v y , t h e red soln. becomes colourless owing 
t o t h e depos i t ion of t h e s e p a r a t e d t e l l u r ium. J . J . Berzel ius sa id t h a t soln. 
of t e l l u r i u m in cone, alkali-soln. a r e decomposed by ac ids w i t h t h e evo lu t ion 
of h y d r o g e n te l lur ide . C. A. T ibba l s said t h a t t h e te l lu r ide is p r e c i p i t a t e d in 
c rys t a l s b y a d d i n g alcohol t o a cone. soln. A. B r i n k m a n n d id n o t o b t a i n l i th ium 
telluride b y boil ing t e l l u r ium w i t h a cone . soln. of l i t h i u m h y d r o x i d e , or b y m e l t i n g 
t e l l u r i u m wi th l i t h i u m h y d r o x i d e . G. Pel l in i a n d E . Querc igh i n v e s t i g a t e d t h e 
s o d i u m te l lu r ides b y t h e r m a l m e t h o d s , a n d t h e resu l t s , s u m m a r i z e d in F ig . 7 show 
t h a t on ly t h e s e c o m p o u n d s which m e l t u n c h a n g e d c a n ex i s t u n d e r t h e s e con­
d i t ions , n a m e l y , t h e n o r m a l te l lur ide . I t is wh i t e , a n d d e l i q u e s c e n t ; a n d r a p i d l y 
d a r k e n s on exposu re t o air . T h e r e is also s o d i u m tritaditel luride, N a 3 T e 2 w i th 
a g r e y meta l l i c a p p e a r a n c e ; a n d s o d i u m tritaheptatel luxide, N a 3 T e 7 . N e i t h e r 
Na 4 Te 3 n o r N a 2 T e 3 were ob t a ined . H . D a v y o b t a i n e d s o d i u m telluride* N a 2 T e 
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b y t h e m e t h o d s e m p l o y e d for p o t a s s i u m te l lu r ide ; l ikewise also A. O p p e n h e i m , 
E . E r n y e i , a n d C. A. T ibba l s . Accord ing t o L . A. Tschugaeff a n d V. G. Chlopin, 
w h e n t e l l u r i u m is h e a t e d w i t h a n a lka l ine soln. of s o d i u m h y p o s u l p h i t e i n t h e 
absence of a i r , t e l l u r i u m is c o n v e r t e d i n t o t h e u n s t a b l e s o d i u m te l lur ide , N a 2 T e , 
a n d s o d i u m su lph ide is fo rmed a t t h e s a m e t i m e . T h e t e l l u r i u m is p r o b a b l y first 
t r a n s f o r m e d b y t h e s o d i u m h y d r o x i d e i n t o a m i x t u r e of s o d i u m te l lu r i t e a n d 
te l lur ide , t h e l a t t e r be ing t h e n c o n v e r t e d b y t h e t e l l u r i u m i n t o poly te l lur ides , which 
u n d e r g o r e d u c t i o n b y t h e s o d i u m h y p o s u l p h i t e : N a 2 S 2 O 4 + N a 2 T e 2 + 4 N a O H 
= 2 N a 2 S 0 3 + 2 N a 2 T e + 2 H 2 0 . Th i s r e d u c t i o n is ana logous t o t h e a c t i o n of t h e 
h y p o s u l p h i t e o n s o d i u m po lysu lph ides . I t is possible t h a t t h e t e l l u r i u m combines 
w i t h t h e s u l p h o x y l a t e p a r t of t h e h y p o s u l p h i t e mol . , 
N a . S O , O N a + T e = N a . T e . S O . O N a , t h e u n s t a b l e c o m p o u n d 
t h u s o b t a i n e d r e a c t i n g w i t h t h e s o d i u m hyd rox ide , t h u s : 
N a . T e . S O . O N a + 2 N a O H = N a 2 T e + O . S ( O N a ) 2 + H 2 O . T h e 
fo rma t ion of t h e s o d i u m su lph ide also o b t a i n e d in t h e re­
ac t ion is p r o b a b l y exp la ined by t h e e q u a t i o n s : 2 N a 2 S 2 O 4 
+ 2 N a O H = N a 2 S 2 O 3 + 2 N a 2 S O 3 + H ^ O , a n d 
+ N a 2 S 2 0 4 + 4 N a O H = N a 2 S + 3 N a 2 S 0 3 + 2 H 2 0 . 
t r e m e in s t ab i l i t y of s o d i u m h y p o s u l p h i t e m a k e s i t difficult 
t o p r e p a r e s o d i u m te l lu r ide in la rge q u a n t i t i e s in t h e a b o v e 
m a n n e r . A good yie ld m a y , however , be o b t a i n e d b y hea t i ng , 
in a c u r r e n t of h y d r o g e n , a m i x t u r e of a g r a m of t e l l u r ium, 
6 g r m s . of sodiunx f o r m a l d e h y d e - s u l p h o x y l a t e ( rongal i te ) , 
a n d 40 c.c. of a 10 per cen t , s o d i u m h y d r o x i d e soln. : 
H O . C H 2 . 0 . S O N a + T e + 3 N a O H = C H 2 0 + N a 2 T e + N a 2 S 0 3 + H 2 0 . S o d i u m tel lu­
r ide is i n s t a n t a n e o u s l y d e c o m p o s e d in t h e air , w i t h s e p a r a t i o n of t e l lu r ium. 
D . M. I i iddel l sa id t h a t if k e p t f rom air , s o d i u m te l lu r ide is t h e colour of p o t a s s i u m 
p e r m a n g a n a t e , b u t in a i r i t is decomposed s e t t i n g free t e l l u r i u m w i t h t h e fo rma t ion 
of p o t a s s i u m h y d r o x i d e . C o n t r a r y t o G. Pe l l in i a n d E . Querc igh , C. A. K r a u s 
a n d S. W . Glass find t h a t s o d i u m te l lu r ide a n d t e l l u r i u m a re miscible in all propor­
t ions . T h e equ i l i b r ium d i a g r a m is s h o w n in F ig . 8. I n a d d i t i o n t o t h e no rma l 
te l lur ide , N a 2 T e , t h e r e a r e fo rmed t h e d i t e l lu r ide w i t h a t r a n s i t i o n p o i n t a t 355°, 
a n d t h e hexa t e l l u r ide w i t h a c o n g r u e n t m . p . a t 436° . T h e r e a r e eu tec t ics a t 319° 
w i th 43 a t . p e r cen t , of N a , a n d a t 402-5° w i t h 12*5 a t . pe r cen t . N a . 

Accord ing t o C. A. K r a u s a n d C. Y . Chiu, t h e ini t ia l c o m p o u n d formed in t h e 
reac t ion b e t w e e n s o d i u m a n d t e l l u r i u m in l iquid a m m o n i a is t h e n o r m a l te l lur ide , 
N a 2 T e , which is in equ i l ib r ium wi th s o d i u m ditelluride, N a 2 T e 2 . F igs . 7 a n d 8 
show t h e r a n g e of s t ab i l i t y of t h e c o m p o u n d . C. A. K r a u s a n d S. W . Glass found 
t h a t i t h a s a t r a n s i t i o n p o i n t a t 355°. I t s e lectr ical res i s tance is g iven in F igs . 9 
a n d 10. T h e soln. in equ i l i b r ium w i t h free t e l l u r i u m has a compos i t ion which var ies 
as a func t ion of t h e c o n c e n t r a t i o n , a n d t h e m a x i m u m cone, of t e l l u r i um cor responds 
w i t h s o d i u m tetratel luride, N a 2 T e 4 . C. A. K r a u s a n d E . H . Zeitfuchs discussed 
t h e mo l . w t . of t h e s o d i u m - t e l l u r i u m c o m p l e x fo rmed in l iquid a m m o n i a . Tel lur ides 
of t h e h e a v y m e t a l s a re fo rmed b y doub l e decompos i t i on b e t w e e n s o d i u m te l lur ide 
a n d a q . soln. of sa l t s of t h e h e a v y m e t a l s . C. A. K r a u s a n d S. W . Glass observed 
t h e f o r m a t i o n of s o d i u m hexateUuride , N a 2 T e 6 , a n d i t s equ i l ib r ium condi t ions a re 
i l l u s t r a t ed in F ig . 8. I t m e l t s a t 436° ; a n d i t s electr ical res is tance is ind ica ted 
in F igs . 9 a n d 10. C. A. T i b b a l s Said t h a t s o d i u m te l lu r ide forms small colourless 
c rys ta l s w i t h m u c h w a t e r of c rys ta l l i za t ion ; a n d t h a t t e l l u r ium dissolves in a n 
aq . soln. of t h i s sa l t fo rming s o d i u m tetritatritelluride, N a 4 T e 3 . Te l lu r ium does 
n o t dissolve in a soln. of s o d i u m te l lu r ide b e y o n d t h e p r o p o r t i o n 4 : 3 , a n d when 
t h i s soln. is c o n c e n t r a t e d b y e v a p o r a t i o n , i t b r e a k s d o w n i n t o t h e n o r m a l te l lur ide 
a n d t e l l u r ium. Accord ing t o C. H u g o t , s o d i u m hemitritel luride, N a 2 T e 3 , is p ro­
d u c e d b y t h e a c t i o n of a soln. of s o d i u m in l iqu id a m m o n i a on a n excess of t e l lu r ium ; 
a n d s imi la r ly a lso w i t h po tas s ium hemitrite l luride, K 2 T e s . T h e l a t t e r furnishes 
a v io le t l iqu id which becomes b r o w n a n d viscid a t —25°, a n d w h e n s t i r red , freezes 
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t o a solid. Th i s m e l t s a t —15°, a n d as t h e a m m o n i a e v a p o r a t e s , a t o r d i n a r y t e m p . , 
t h e r e r e m a i n s t h e hemi t r i t e l lu r ide as a d a r k b r o w n c rys t a l l ine m a s s ; w h i c h u n d e r 
press, ab so rbs a m m o n i a a n d becomes l iquid. L,. A. Tschugaef i a n d V. G. C h l o p m 

FIG. 9.—The Resistance of the Sodium FIG. 10. —The Resistance of the Sodium 
Telluridos. TeILu rides. 

obse rved t h a t a soln. of s o d i u m te l lu r ide r eac t s w i t h benzy l ch lo r ide or p h e n y l -
b e n z y l d i m e t h y l a m m o n i u m chlor ide fo rming benzyl telluride, T e ( C 6 H 5 . C H 2 J 2 . 

J . J . Berzel ius 3 p r e p a r e d a pa le r ed al loy b y m e l t i n g t o g e t h e r c o p p e r a n d 
t e l l u r i u m ; M. Chikashige o b t a i n e d t h e al loys b y m e l t i n g m i x t u r e s of t h e t w o 
e l e m e n t s in a c u r r e n t of c a r b o n d iox ide . T. P a r k m a n sa id t h a t t e l l u r i u m p r e ­
c ip i t a t e s a l i t t le copper from cold soln. of copper s u l p h a t e or a c e t a t e , a n d l ikewise 
a lso w i t h boi l ing soln. After boil ing t e l l u r i u m for 4 or 5 h r s . w i t h a soln. of c o p p e r 
a c e t a t e , a b lack powder w i th t h e compos i t ion of copper hemitritelluride, C u 2 T e 3 , 
w a s fo rmed ; a n d wi th a boi l ing soln. of c o p p e r s u l p h a t e a b l a c k p o w d e r w i t h 
t h e compos i t ion of copper telluride, CuTe . C. A . T i b b a l s o b t a i n e d t h e m o n o -
te l lu r ide a n d also t h e hemi t r i t e l lu r ide b y t r e a t i n g a soln. of a copper sa l t r e spec t ive ly 
w i t h n o r m a l sod ium te l lur ide , N a 2 T e , a n d t h e t e t r i t a t r i t e l l u r i d e , N a 4 T e 3 . F . Garel l i 
o b t a i n e d w h a t a p p e a r e d t o b e m i x t u r e s of copper t e t r i t a t e l l u r i d e a n d m o n o te l lu r ide 
b y w r a p p i n g a piece of t e l l u r i u m w i t h coppe r wire a n d i m m e r s i n g i t i n a soln. of 
c o p p e r s u l p h a t e . A. B r u k l o b t a i n e d c u p r o u s t e l lu r ide b y t h e a c t i o n of s o d i u m 
t e l lu r ide o n a soln. of s o d i u m c u p r o u s ch lor ide . B . B r a u n e r a n d B . K u z m a f o u n d 
t h a t i n p r e c i p i t a t i n g t e l l u r i u m b y s u l p h u r d iox ide f rom soln. of sa l t s of o t h e r m e t a l s 
l ike copper , some of t h e m e t a l is p r e c i p i t a t e d wTith t h e t e l l u r i um, a n d t h i s t h e 
m o r e t h e longer t h e ac t ion a n d t h e m o r e cone , t h e soln. W . E . F o r d r e p o r t e d a 
mass ive m i n e r a l which h e cal led r ichardite—after T . A. R i c h a r d — o c c u r r i n g in t h e 
Good H o p e Mine, Vu lcan , Colorado . I t s compos i t i on co r r e sponds w i t h cuprous 
telluride, Cu 4 Te 3 , or Cu 2 Te .2CuTe . I t h a s a r i ch p u r p l e colour ; sp . gr. 7*54 ; a n d 
h a r d n e s s 3-5. N. A. P u s c h i n sa id t h a t t h i s p r o d u c t is a solid soln. of t e l lu r ide a n d 
h e m i t e l l u r i d e . E . T . W h e r r y found r i c h a r d i t e t o b e a poor r a d i o d e t e c t o r . 
W. M. D a v y a n d C. M. F a r n h a m obse rved t h e b e h a v i o u r of po l i shed surfaces of t h e 
m i n e r a l t o w a r d s e t ch ing a g e n t s . 

A c c o r d i n g t o M. Chikash ige , t h e f.p. c u r v e of t h e c o p p e r - t e l l u r i u m al loys , F i g . 1 1 , 
s h o w s a e u t e c t i c p o i n t a t 344° a n d 17-3 p e r cen t , of copper , a n d t h e r e is a b r e a k a t 
620° w i t h a b o u t 34 p e r cen t , of coppe r ; a n d one a t 855°, w i t h 50 pe r cen t , of coppe r . 
T h e b r e a k w i t h 50 p e r cen t , of coppe r co r r e sponds w i t h copper hemite l lur ide , C u 2 T e , 
w h i c h i s misc ib le w i t h c o p p e r o n l y t o a l i m i t e d e x t e n t — a t a b o u t 1030°, t h e h e m i ­
t e l l u r ide d i sso lves 1 t o 2 pe r cen t , of copper , a n d coppe r a b o u t 4 p e r cen t , of te l lu-
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F*TC4. 1 1 . Krc^exi r i g - p o i n t C u r v e of 
O o p p e r - T o l l u r i i i r n A l l o y s . 

r i u m . F r o m 32-7 t o 50 pe r cen t , of copper , t h e hemi t e l l u r i de crys ta l l izes p r imar i ly 
in solid soln. w i t h t e l l u r i u m ; a n d a t 623° t h e m i x e d c rys t a l s w i t h 45 pe r cen t , of 
coppe r r e a c t w i t h t h e fused m a s s t o fo rm copper tetritatritel luride, Cu 4 Te 3 , ana logous 
in c o m p o s i t i o n w i t h r i c h a r d i t e . A . Mazzucchel l i a n d A . Verci l lo o b t a i n e d a s u b ­
s t a n c e of t h i s compos i t i on b y t h e a c t i o n of c o p p e r on t e l l u r i u m t e t r a c h l o r i d e , b u t 
t h e y r e g a r d e d i t a s a m i x t u r e of T e C u a n d 
TeCu 2 . Acco rd ing t o M. Chikash ige , t h e t e t r i ­
t a t r i t e l l u r i de h a s a t r a n s i t i o n p o i n t a t 365° 
m a r k e d b y a cons iderab le d e v e l o p m e n t of h e a t . 
13. !Brauner p r e p a r e d t h e m o n o t e l l u r i d e b y pas s ­
ing t h e v a p o u r of t e l l u r i u m in a c u r r e n t of 
c a r b o n d iox ide ove r h e a t e d coppe r ; a n d 
J . M a r g o t t e t , b y h e a t i n g a m i x t u r e of t e l l u r i u m 
a n d coppe r t o r edness in a n a t m . of n i t rogen . 
M. L . H u g g i n s s t u d i e d t h e a t o m i c s t r u c t u r e . 
G. v o n H e v e s y a n d W . S e r t h s t u d i e d t h e 
diffusion of si lver t e l lu r ide in coppe r t e l lu r ide . 
M. Chikash ige found t h a t t h e hemi te l lu r ide h a s 
t w o t r a n s i t i o n p o i n t s a t 387° a n d 351°, a n d t h e 
l a t t e r is lowered t o 334° b y t h e a d d i t i o n of 5 p e r cen t , of t e l l u r i u m . A. Beu t a l l 
o b t a i n e d ha i r - coppe r b y h e a t i n g t h e t e l lu r ide in a sealed t u b e a t 350°—600°. C. F a b r e 
g a v e 7-15 CaIs. for t h e h e a t of f o rma t ion , a n d a d d e d t h a t t h e a l loy is n o t s t ab l e in 
air . B . B r a u n e r a d d e d t h a t t h e c rys t a l s a re r h o m b o h e d r a l , a n d w h e n h e a t e d for 
a long t i m e t h e y a re d e c o m p o s e d w i t h t h e s e p a r a t i o n of coppe r . W . P . Crawford 
descr ibed a mass ive , b lu i sh -b l ack m i n e r a l in t h e t e l l u r i u m depos i t s of Colorado . 
H e cal led i t we i s s i t e—afte r L . Weis s ; i t s c o m p o s i t i o n c o r r e s p o n d s w i t h copper 
pentitatritel luride, C u 5 T e 3 . I t s sp . gr . is a b o u t 6, a n d i t s h a r d n e s s 3 . I t gives 
a v io le t colour w i t h w a r m , cone , su lphu r i c ac id . T h e weissite of W . P . Crawford is 
p r o b a b l y r i cha rd i t e . 

Accord ing t o N . A. P u s c h i n , t h e a l loys r ich in coppe r a r e d a r k g rey , b r i t t l e , 
a n d c rys ta l l ine ; t h o s e wi th 30 t o 3 3 a t . p e r cen t , of t e l l u r i u m a r e m u c h da rke r , 
a n d m o r e b r i t t l e ; t h e colour t h e n becomes d a r k 
v io le t w i t h a b o u t 40 a t . pe r cen t , of t e l l u r i u m ; 
t h e co lour b e c o m e s pa le r a s t h e p r o p o r t i o n of 
t e l l u r i u m rises t o 5O a t . pe r cen t . , w h e n 
t h e colour b e c o m e s yel low ; w i t h h ighe r p ro ­
p o r t i o n s of t e l l u r i u m t h e co lour b e c o m e s grey . 
W . C. R o b e r t s - A u s t i n found t h a t t h e a d d i t i o n of 
t e l l u r i u m reduces t h e ma l l eab i l i t y of coppe r . 
M. Chikash ige sa id t h a t t h e r e -me l t ing of t h e 
a l loy does n o t r e m o v e t h e coppe r ; b u t P . K o t h n e r 
found t h a t all t h e t e l l u r i u m can be r e m o v e d b y 
dis t i l la t ion in v a c u o . I . S t r a n s k y discussed t h e 
rect i fying ac t ion of t h e h e a v y m e t a l te l lur ides ; 
a n d Gr. P . T h o m s o n , e lec t ron diffraction r ings . 
N . A. P u s c h i n found t h a t t h e p o t e n t i a l of copper 
in t h e cell Cu | JV-CuSO4 | CuTe w shows b r e a k s cor responding wi th Cu 2 Te , a n d 
CuTe , F ig . 12. Acco rd ing t o B . B r a u n e r , t h e t e l l u r i um is n o t r e m o v e d by fusion 
w i t h s u l p h u r a n d s o d i u m c a r b o n a t e ; or, accord ing t o M. Chikashige, b y fusion 
w i t h c u p r o u s ox ide . F . W . H in r i chsen a n d O. B a u e r said t h a t t h e tel lur ide 
dissolves in a soln. of p o t a s s i u m c y a n i d e forming a polyte l lur ide ; a n d w h e n 
s h a k e n in air , t h e redd ish-v io le t soln. becomes colourless owing t o t h e deposi t ion 
of t h e t e l l u r i u m in g rey flakes. B . H e y n a n d O. B a u e r found t h a t t h e soln. in 
p o t a s s i u m c y a n i d e gives a d a r k g rey p rec ip i t a t e w i th alcohol a n d c a d m i u m ace t a t e ; 
a n d C. W h i t e h e a d o b t a i n e d t e l l u r i um b y e lect rolyzing t h e soln. Gk T a m r a a n n 
s t u d i e d t h e chemica l a c t i v i t y of t h e al loys. 
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The silver tellurides are represented in nature by the three minerals stutzite , 
Ag 4Te ; hessite, Ag 2 Te ; and empressite, AgTe. The mineral st i i tzite , probably 
from Nagyag, Transylvania, was shown by A. Schrauf 4 to have a composit ion 
approximating silver tetritatelluride, Ag 4 Te ; and it was named after A. Sti itz, 
who, in 1803, described what appears to have been the same mineral. I t is leaden 
grey, with a reddish tinge. V. Goldschmidt, and C. Hintze regard i t as hexagonal 
or pseudohexagonal with the axial ratio a : e = l : 1-2530 ; or, as A. Schrauf prefers 
to regard it, monoclinic with the axial ratios a : b : c = l - 7 3 2 0 5 : 1 : 1-24829, and 

^3=89° 33'. E . S. Dana emphasized the resem­
blance to dyscrasite, and chalcocite and said that 
like them, it m a y be rhombic. A. des Cloizeaux 
also regarded stutzite as having rhombic sym­
metry. There is no evidence of the existence of 
a tetritatelluride on the f.p. curve, Fig. 13. 
The f.p. curve was first explored, in a pre­
liminary way, b y H. Pelabon, 5 who found t w o 
eutect ics—one at 345° and 34 at. per cent, of 
silver, and the other at 825° with 78 per cent, of 
si lver—and a m a x i m u m representing the normal 
tellnride at 965°. G. Pellini and E. Quercigli 
made a more detailed study, and their work as 
revised b y M. Chikashige and 1. Saito, is illus­
trated b y Fig. 13. Two compounds are indi­

cated on the curve ; the normal telluride melting sharply at 957 6 ; and the other 
Silver heptitatetrateUuride, Ag 7Te 4 . The heptitatetratelluride decomposes below 
its m.p., and exists m two modifications, each of which corresponds with a short 
branch of the f.p. curve. /3-Ag7Te4 is formed from Ag 2 Te and liquid at 443° ; 
and changes into the a-modification at 403°. Solid soln. are not formed. Eutect ics 
occur at 32 per cent. Ag and 350° and at 87-5 per cent. Ag and 870°, respectively. 
Annealing experiments indicate that the transformation is one of a single com­
pound, and that a second compound, such as Ag 3 Te 2 , is not formed. In Fig. 13, 
the area A represents T e + m e l t ; B9 T e + e u t e c t i c E1 ; C9 <x-Ag7Te4 + eutectic E1 ; 

^ T l S 7 S 4 I T V ^ A A g 7 J e 4 + n f l t ; ^ i S - A g 7 T e 4 + A a 8 T e ; G9 A g 2 T e + m e l t ; 
M9 0 , - A g 7 I e ^ A g 2 T e ; / , Ag2Te + melt ; J9 A g 2 T e + e u t e c t i c E2; K3 A g + e u t e c t i c 
E^ : L9 A g + m e l t . & 

The compound which M. Chikashige and I. Saito regarded as hepitatetra-
tel lunde was considered by G. Pellini and E . Quercigh to be si lver monote l lur ide , 
A g I e and they said that its existence is marked b y a break in the curve at 444° • 
and that it undergoes a polymorphic change at 412°. The monotelluride is repre­
sented m nature by the mineral empressi te obtained by W. M. Bradley from 
the Empress Josephine Mine, Kerber Creek District, Colorado. It occurs in 
granular and compact masses with a fine conchoidal or uneven fracture, and a 
w v w £ Z e c o i o u r - X t l s b o d i l y soluble in nitric acid. I ts hardness is 3-O to 3-5. 
^ a K ^ h ^ r r ^ f o ^ n ^ . t n i P r e s s i t e

1
 t o b e * poor radio-detector. The mineral was also 

analyzed by E J . D i t t o s ; and W. T. Schaller considered it to be a kind of gold-
free muthmannite—vtde infra. B 

AlJf* SZt* d e ? ^ ^ * ™™«al occurring in the Savodinsky Mine, Zyrianovsky, 
Altai Siberia, which he designated Tellursilber ; J. J. N . Huot , and W. H a i d i n r a 
called it savodmskue, m allusion to its origin ; and J. Frobel, hessite—after H Hess 
WZ^'JA ^ s s l t e . 1 8 commonly employed although i t has not first claim. A. Schrauf 
ZEvE! ^tI T " 1 ^ ****>™Y*> Hungary, to be isomorphous with silver 
f i l T ^ n + t J e . r

+
e f o r e

A
c a l

1
l e d * Tellursilberglanz, and reserved the term Tellursilber-

hlendeioT ^tzite Analyses of the mineral have been reported hy G. Rose, S. Koch, 
y ^ l S S ? ; ^ ^ N i ! m o d l ^ V £ h ' G ' i \ K e n n g o t t > F - J- Malaguti and J. Durocher 
Sm?^tt/i/T%*' if* * a ^ m e ^ b ^ O- Kiistel, F . A. Genth, F. A. Genth and 
S. L Penfield, I. D o m e y k o , A. des Cloizeaux, F . W. Clarke, A. Carnot, T L Walker 
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a n d A. L . P a r s o n s , E . V. S h a n n o n / a n d E . S. S i m p s o n . T h e r e su l t s ag ree t h a t 
hess i te is n o r m a l s i lver t e l lu r ide , i.e. s i lver hemite l lur ide , A g 2 T e , in wh ich gold 
of ten rep laces p a r t of t h e s i lver u n t i l t h e hess i t e m e r g e s i n t o p e t z i t e . m T h e occur rence 
of t h e m i n e r a l i n Z y r i a n o v s k y , Al t a i , S iber ia , w a s desc r ibed b y G. R o s e , N . v o n 
Kokscharoff , a n d P . v o n JeremejefE ; i n N a g y a g , Z a I a t h n a , B o t e s , e t c . , T r a n s y l ­
v a n i a , b y P . G r o t h , G. v o m R a t h , A. Schrauf , J . A. K r e n n e r , G. A . K e n n g o t t , a n d 
F . B e c k e ; in R e z b a n y a , H u n g a r y , b y C. F . R a m m e l s b e r g , K . F . P e t e r s , A. Schrauf , 
a n d F . v o n R i c h t h o f e n ; in K a r a I s sa r , Asia Minor , b y A. d e s Clo izeaux ; in 
K a r a n g a h a k e , N e w Zea l and , b y J . D . D a n a ; Kalgoor l ie , W e s t A u s t r a l i a , b y 
E . S. S i m p s o n ; in C o q u i m b o , Chili, b y I . D o m e y k o ; i n Refugio a n d Qui te r i a , 
Mexico, b y C. F . d e L a n d e r o , a n d F . W . C la rke ; in California, Colorado , a n d U t a h , 
U n i t e d S t a t e s , b y B . Si l l iman, W . P . B l a k e , G. J . B r u s h , G. Ki i s te l , H . J . B u r k a r t , 
F . A . G e n t h , a n d F . A. G e n t h a n d S. L . Penf ie ld . 

B . B r a u n e r p r e p a r e d t h i s t e l lu r ide b y pa s s ing t h e v a p o u r of t e l l u r i u m over 
s i lver a t a r e d - h e a t . J . M a r g o t t e t o b t a i n e d r e g u l a r o c t a h e d r a b y pas s ing t h e 
v a p o u r of t e l l u r i u m in a c u r r e n t of n i t r o g e n ove r s i lver a t a du l l r e d - h e a t . G. R o s e , 
a n d B . B r a u n e r p r e p a r e d i t b y h e a t i n g a m i x t u r e of t h e t w o e l e m e n t s . H . P e l a b o n , 
G. Pe l l in i a n d E . Querc igh , a n d M. Ch ikash ige a n d I . Sa i t o a lso o b t a i n e d i t b y t h e 
d i r ec t u n i o n of t h e e l e m e n t s . T h e c o n d i t i o n s of e q u i l i b r i u m a r e i l l u s t r a t e d in F i g . 7. 
R . D . H a l l a n d V. L e n h e r o b t a i n e d t h i s t e l lu r ide b y pas s ing h y d r o g e n t e l l u r i de i n to 
a n a m m o n i a c a l soln. of s i lver n i t r a t e , b u t t h e b l a c k p r e c i p i t a t e a l w a y s c o n t a i n s an 
excess of si lver. C. A. T i b b a l s , a n d A. B r u k l o b t a i n e d t h i s t e l lu r ide a s a d a r k 
b r o w n or b l a c k flocculent p r e c i p i t a t e b y t h e a c t i o n of a soln . of s o d i u m te l lu r ide 
o n a soln. of s i lver a c e t a t e in ace t ic ac id ; a n d J . B . S e n d e r e n s , b y t h e a c t i o n of 
t e l l u r i u m o n a soln. of s i lver n i t r a t e a t 100° : 4 A g N O 3 + 3 T e + 3 H 2 O - = 2 A g 2 T e 
+ H 2 T e O a + 4 H N O 3 5 ^he r e a c t i o n is s low a t o r d i n a r y t e m p . — R . D . H a l l a n d 
V. L e n h e r r e p r e s e n t e d t h e r eac t i on 4 A g N 0 3 + 3 T e = 2 A g 2 T e + T e ( N 0 3 ) 4 . B . B r a u n e r , 
a n d R . D . H a l l a n d V. L e n h e r o b t a i n e d a p r o d u c t r e s e m b l i n g t h e m i n e r a l b y pas s ing 
c a r b o n m o n o x i d e or a m m o n i a ove r s i lver t e l l u r i t e h e a t e d t o a h igh t e m p . 

T h e m i n e r a l occu r s in c o m p a c t or t ine -g ra ined m a s s e s — r a r e l y coarse g ra ined . 
T h e co lour is l e ad -g rey , s tee l -grey , or i ron -b l ack . E . F . Glocker ca l led t h e yellow-
e a r t h y t e l l u r ide miillerin, or Nagyager silver. T h e m i n e r a l a l so occur s in c ry s t a l s 
m o r e or less modif ied a n d of ten m u c h d i s t o r t e d . A c c o r d i n g t o A. Schrauf , P . G r o t h , 
H . R o s e , T . L . W a l k e r a n d A. L . P a r s o n s , J . A . K r e n n e r , C. P a l a c h e , V . R o s i c k y , 
R . PiIz, a n d L . T o k o d y , t h e y a r e cub i c . T h e d i s t o r t i o n l ed H . H e s s , a n d G. Suckow 
t o a s s u m e t h a t t h e c r y s t a l s a r e r h o m b o h e d r a l ; G. A. K e n n g o t t , a n d K . F . P e t e r s , 
r h o m b i c ; a n d F . B e c k e , t r i c l in ic . A c c o r d i n g t o L . S. R a m s d e l l , t h e X - r a d i o g r a m 
of hes s i t e i n d i c a t e s t h a t t h e m i n e r a l is p s e u d o - c u b i c a n d p r o b a b l y r h o m b i c . T h e 
cub ic fo rm is sa id t o r e p r e s e n t a h igh t e m p , modi f ica t ion . T h e art if icial c rys t a l s 
p r e p a r e d b y J . M a r g o t t e t we re r e g u l a r o c t a h e d r a . T h e c l e a v a g e of hess i te is 
i nd i s t i nc t . M. L . H u g g i n s s t u d i e d t h e a t o m i c s t r u c t u r e of t h e c r y s t a l s ; a n d 
T . A n d r e w s , J . A r n o l d a n d J . Jefferson, F . O s m o n d and . W . C. R o b e r t s - A u s t e n , 
t h e s t r u c t u r e of t h e a l loys . F . A. G e n t h g a v e 8-359 for t h e s p . gr . of var ie t ies 
free f rom gold, whi le G. R o s e g a v e 8-412-8*565. These n u m b e r s a r e p r o b a b l y 
t o o h igh . F . J . M a l a g u t i a n d J . D u r o c h e r , a n d G. A . K e n n g o t t gave 8-071. 
W . P e t z g a v e 8-31 t o 8-45 for spec imens w i t h 0-69 pe r c e n t , of gold ; F . A. G e n t h , 
8-178. G. K i i s t e l g a v e 9-0 t o 9-4 for a s a m p l e w i t h 24-80 p e r cen t , of gold. 
F . H e n g l e i n g a v e 41-3 for t h e m o l . vo l . G. Pel l in i a n d F . Quercigh said t h a t t h e 
s i lver t e l l u r i u m a l loys a r e c rys t a l l i ne , a n d h a v e a me ta l l i c a p p e a r a n c e , chang ing 
f rom .grey t o w h i t e a s t h e p r o p o r t i o n of s i lver inc reases . T h e b r i t t l eness d iminishes 
f rom t e l l u r i u m t o s i lver . W . C. R o b e r t s - A u s t e n s t u d i e d t h e m e c h a n i c a l p roper t i e s 
of t h e s e a l loys . T h e h a r d n e s s of hess i t e is a b o u t 2-5. L . J o r d a n a n d co-workers 
m e a s u r e d t h e h a r d n e s s , t ens i l e s t r e n g t h , a n d e longa t ion of s i lver - te l lur ium al loys. 
G. v o n H e v e s y a n d W . S e r t h s t u d i e d t h e diffusion of s i lver in si lver d i te l lur ide , a n d 
of s i lver t e l l u r i d e in c o p p e r t e l l u r ide . H . P e l a b o n g a v e 955° for t h e m . p . ; G. Pell ini 
a n d E . Querc igh , 9 5 9 ° ; a n d M. Ch ikash ige a n d I . Sa i to , 957°—vide F ig . 13 . 
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J . M a r g o t t e t found t h a t t h e mine ra l is p a r t i a l l y d e c o m p o s e d a t a w h i t e - h e a t ; a n d 
J . Jo Iy , t h a t hessi te sub l imes a t a b o u t 900°. K . F r i e d r i c h a n d A. L e r o u x s a id 
t h a t , un l ike silver su lphide , t h e te l lu r ide is n o t a l t e r ed b y l i g h t ; a n d H . E . M c K i n s t r y 
found n o effect w a s p r o d u c e d b y expos ing t h e m i n e r a l t o t h e e lectr ic a rc - l igh t . 

A. Beu te l l o b t a i n e d ha i r - s i lver b y h e a t i n g t h e 
te l lu r ide in a h e a t e d t u b e a t 350° -600° . A . d e Gra-
m o n t s t u d i e d t h e s p a r k s p e c t r u m of t h e m i n e r a l . 
E . Be i je r inck desc r ibed t h e m i n e r a l a s a n e lec t r i c 
c o n d u c t o r . T . W . Case sa id t h a t t h e e lec t r ica l 
r e s i s t ance is less t h a n o n e m e g o h m ; a n d t h a t 
t h e c o n d u c t i v i t y is n o t affected b y e x p o s u r e 
t o l igh t . R . G. H a r v e y s t u d i e d t h e sub j ec t . 
N . A . P u s c h i n ' s o b s e r v a t i o n s o n t h e p o t e n t i a l dif­
ference in t h e cell A g | ^ZV-AgNO3 | AgTe n (mi l l i -
vol ts ) show t h e ex i s t ence of on ly one t e l lu r ide , 
A g 2 T e . E . T . W h e r r y cal led hess i te a fair r a d i o -
d e t e c t o r . J . M. Riv ie re r s m e a s u r e m e n t s of a l loys 

w i t h 2 ( con t inuous curves) a n d w i t h 20 ( d o t t e d curves) p e r cen t , of s i lver a r e 
summar i zed . T h e different cu rves r e p r e s e n t spec imens wh ich h a v e been p r e v i o u s l y 
hea t ed a n d a t first r a p i d l y cooled t o t h e t e m p , i n d i c a t e d a n d t h e n s lowly cooled . 

Be low 200°, t h e r e s i s t a n c e i s a func­
t ion of t w o v a r i a b l e s (i) t h e t e m p , of 
m e a s u r e m e n t ; a n d (ii) t h e t e m p , of 
a n n e a l i n g . F o r t h e 12—30 p e r c e n t , 
a l loys t h e r e is a d i s c o n t i n u i t y a t 
— 20° ; a n d for n e a r l y p u r e t e l l u r i u m , 
one a t 415° . J . M a r g o t t e t o b s e r v e d 
t h a t w h e n h e a t e d t o n e a r t h e m . p . 
of si lver t e l lu r ide i n a c u r r e n t of 
h y d r o g e n , ha i r - s i lver is p r o d u c e d . 
J . J o I y o b s e r v e d t h a t a s u b l i m a t e is 
f o r m e d b e t w e e n 820° a n d 930° . 
C. A. T i b b a l s o b s e r v e d t h a t t h e 
p r e c i p i t a t e d t e l l u r ide is q u i t e s t a b l e 
in air , even w h e n mois t , a n d is n o t 
a c t e d on b y ac ids o t h e r t h a n n i t r i c 
ac id . H e s s i t e a lso dissolves i n h o t 
n i t r i c ac id ; a n d -when t h e m i n e r a l is 
h e a t e d w i t h cone , s u l p h u r i c ac id i t 
fo rms a r e d or p u r p l e l iqu id w h i c h 
becomes clear w h e n d i l u t e d wi th 
wa te r , a n d t e l l u r i u m is p r e c i p i t a t e d . 
W . M. D a v y a n d C. M. F a r n h a m 
s t u d i e d t h e e t c h i n g of po l i shed sur ­
faces of hess i te . R . D . H a l l a n d 

V. L.enher sa id t h a t s u l p h u r monoch lo r ide c o n v e r t s i t i n t o t e l l u r i u m t e t r a c h l o r i d e , 
e t c . G. T a m m a n n s t u d i e d t h e chemica l a c t i v i t y of t h e a l loys . 

J . A. K r e n n e r , 7 a n d G. v o m R a t h descr ibed , a b o u t t h e s a m e t i m e , a krystallisierte 
Tellurgoldverbindung f rom N a g y a g , T r a n s y l v a n i a . A ye l low e a r t h f rom N a g y a g , 
T r a n s y l v a n i a , desc r ibed b y M. H . K l a p r o t h , A . S t u t z , W . Phi l l ips , W . Haidinger^ 
a n d W . H . Miller w a s p r o b a b l y t h i s m i n e r a l . I t s occur rences i n Cr ipple Creek ' 
Co lo rado , w a s desc r ibed b y A. H . Ches te r ; a u d in Ka lgoor l i e , W e s t e r n A u s t r a l i a ' 
b y A . F r e n z e l , E . F . P i t t m a n , A . Gmeh l ing , M. M a r y a n s k y , a n d K . Schmeisser ! 
J . A . K r e n n e r ca l led i t bunsenine—after R . B u n s e n — a n d J . D . D a n a a l t e r e d t h i s 
t o bunsenite ; whi le G. v o m R a t h cal led i t krenner i te b ecause t h e fo rmer t e r m w a s 
a l r e a d y in u s e for n a t i v e n icke lous ox ides . T h e ana lys i s a p p r o x i m a t e s t o s i lver 
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Sold ditel luride, A g 2 T e - A u 2 T e 3 , o r A g A u T e 2 , or , a s E . S. S i inpson wr i t e s i t , 
(Ag, A u 2 ) T e 4 , A g . T e . T e . T e . T e . A u . Ana lyse s were r e p o r t e d b y M. H . K l a p r o t h , 
W . P e t z , S. K o c h , E . H . L ive ing , R . Schar izer , L . Sipocz, A . H . Ches te r , A. F renze l , 
a n d E . "F. P i t t m a n ; t h e ana lys i s b y L . S ipocz w a s eq . t o Ag3Au1 0Te2G* K r e n n e r i t e 
occurs i n p r i s m a t i c c r y s t a l s w h i c h a r e ve r t i ca l ly s t r i a t e d . T h e colour va r i e s f rom 
s i lve r -whi te t o brass -ye l low. G. v o m R a t h f o u n d t h a t t h e r h o m b i c c rys t a l s h a v e t h e 
ax i a l r a t i o s a : b : c=0*94071 : 1 : 0-50445. O b s e r v a t i o n s o n t h e c r y s t a l s were 
m a d e b y A. H . Ches te r , J . A. Kxenner , A. Schrauf , L . Sipocz, a n d H . A . Miers . 
T h e (OOl)-cleavage is c o m p l e t e . W . M. D a v y a n d C. M. F a r n h a m e x a m i n e d t h e 
e t c h e d po l i shed sur faces . W . P e t z g a v e 8-27—8-33 for t h e s p . gr . ; A . F r e n z e l , 
8 -14 ; L . S ipocz , 8-3533. T h e h a r d n e s s is 2-5. H . E . M c K i n s t r y o b s e r v e d n o 
a c t i o n w h e n k r e n n e r i t e is e x p o s e d t o t h e e lec t r ic a rc - l igh t . R . G. H a r v e y m e a s u r e d 
t h e e lec t r ica l r e s i s t ance . 

T h e Schrifterz, Rlattererz, aurumgrap7iicu?n, e t c . , i n d i c a t e d in c o n n e c t i o n w i t h t h e 
h i s t o r y of t e l l u r i u m , t o w h i c h t h e t e r m s y l v a n i t e — f r o m T r a n s y l v a n i a — w a s subse ­
q u e n t l y app l i ed , w a s a n a l y z e d b y M. H . K l a p r o t h , 8 J . J . Berze l ius , W . P e t z , S. K o c h , 
A. Schrauf , L . Sipocz, F . W . Cla rke , P . K r u s c h , A . C a r n o t , E . H . L ive ing , C. P a l a c h e , 
W . H . H o b b s , E . A . Grenth, V. H a n k o , a n d E . S. S i m p s o n . T h e r e su l t s ag ree w i t h 
t h e fo rmula (Au 5 Ag)Te 2 , i n w h i c h t h e a t . r a t i o A u : Ag va r i e s f rom 1 : 1 t o a b o u t 
6 : 1 . T h e f o r m u l a (Au 5 Ag)Te 2 w a s g iven b y G. R o s e , a n d P . G r o t h . C. E . R a m -
rnelsberg, W . P e t z , a n d C. E . R a m m e l s b e r g s u p p o s e d s y l v a n i t e t o b e a m i x t u r e of 
s i lver m o n o t e l l u r i d e a n d gold t r i t e l l u r ide . G. A . K e n n g o t t u s e d t h e fo rmula 
( A u , A g , P b ) (Te ,Sb) 2 - T h e occu r r ence of t h e m i n e r a l in N a g y a g , Offenbanya , 
Z a l a t h n a , a n d Eacze l r a j a , T r a n s y l v a n i a , w a s desc r ibed b y B . v o n C o t t a , V. v o n 
Z e p h a r o v i c h , A . v o n G r o d d e c k , A. Schrauf , A . S t i i t z , K . V r b a , a n d F . Beysch l ag ; 
in H u n g a r y , b y F . v o n R i c h t h o f e n ; i n California, b y J . D . M a t h e w s o n , H . J . B u r -
k a r t , a n d G. K i i s t e l ; in Colorado , b y B . S i l l iman , F . A. G e n t h , E . P . J e n n i n g s , 
J . D . D a n a , C. P a l a c h e , W . F . H i l l e b r a n d , R . P e a r c e , a n d W . H . H o b b s ; in S o u t h 
D a k o t a , b y F . C. S m i t h ; i n O n t a r i o , C a n a d a , b y G. C. H o f f m a n n ; a n d in W e s t e r n 
Aus t r a l i a , b y A. F r e n z e l , a n d E . S. S i m p s o n . 

T h e m i n e r a l occu r s in s tee l -grey t o s i lve r -whi te c r y s t a l s w i t h m o r e or less of a 
yel low t i n g e . J . C. L . S c h r o d e r v a n d e r K o I k sa id t h a t t h e s t r e a k of s y l v a n i t e is 
b lu ish . T h e c r y s t a l s were s u p p o s e d b y W . Ph i l l ips , a n d F . M o h s t o b e r h o m b i c ; 
a n d J . F . L . H a u s m a n n , a n d W . H . Miller inc l ined t o t h e s a m e v iew. Accord ing 
t o N . V. Kokscharoff , t h e c r y s t a l s a r e monoc l in i c ; t h i s v iew w a s su j )por ted b y 
J . A. K r e n n e r , a n d A . d e s Clo izeaux . A c c o r d i n g t o A . Schrauf , t h e monoc l in ic 
c ry s t a l s h a v e t h e a x i a l r a t i o s a : b : c=l -63394 : 1 : 1 1 2 6 5 3 , a n d £ = 8 9 ° 35". 
T w i n n i n g occurs a b o u t t h e ( l O l ) - p l a n e , a n d t h e r e is c o n t a c t t w i n n i n g , l amel la r 
t w i n n i n g , a n d p e n e t r a t i o n t w i n n i n g w h i c h g ive rise t o b r a n c h i n g d e n d r i t i c forms 
r e semb l ing w r i t t e n c h a r a c t e r s — h e n c e t h e t e r m s JScJirifterz, a n d Sclirifttellur. T h e 
d e n d r i t e s u s u a l l y c ross a t a n a n g l e of 69° 4 4 ' — r a r e l y a t 55° 8 ' , or 90° . Ske le ton 
fo rms a r e c o m m o n . T h e (Ol 0 ) -c leavage is per fec t . T h e c rys t a l s were e x a m i n e d 
b y G. R o s e , V. v o n Z e p h a r o v i c h , F . A . G e n t h , W . H . H o b b s , C. P a l a c h e , e t c . 
W . M. D a v y a n d C. M. F a r n h a m e x a m i n e d e t c h e d po l i shed surfaces . T h e s p . gr . 
g i v e n b y W . P e t z is 8-28 ; L . S ipocz , 8-0733 ; V . H a n k o , 8-036 ; F . A. G e n t h , 
7-943 ; a n d C. P a l a c h e , 8-161. T h e h a r d n e s s is 1-5. J . J o I y obse rved a s u b l i m a t e 
of t e l l u r i u m d i o x i d e is f o r m e d be low 730° a n d 780° ; a n d of m o n o x i d e b e t w e e n 460° 
a n d 520° . E . T . W h e r r y fo rmed t h e m i n e r a l t o b e a fair r ad io -de tec to r . 
H . E . M c K i n s t r y o b s e r v e d n o effect b y expos ing t h e m i n e r a l t o t h e electr ic a rc -
l igh t . R . G. H a r v e y m e a s u r e d t h e e lec t r ica l r e s i s t ance . 

W . H . H o b b s described, a mineral from Arequa Gulch, Colorado, which he called gold-
schnvidtite after V . Goldschmidt . I t occurs i n s i lvery whi te , monocl inic prisms w i th t h e 
axia l ang les a : b : C = 1-8561 : 1 : 1-298O, a n d j3 = 89° 11' . T w i n n i n g is c o m m o n ; the 
(OlO)-oleavage is perfect ; t h e s p . gr. i s 8*6 ; a n d the hardness 2. T**e analys is corresponded 
w i t h A g A u 8 T e 6 . C. Oastaldi g a v e (Au 5 Ag) 8 Te 5 . I n v i e w of t h e variat ions in t h e com­
posi t ion of sy lvan i t e , bo th C. Palache , a n d E . S. S impson consider goldschrnidtite to be 
identical w i t h sy lvani te . 
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F . A. Genth found a pale bronze-yellow, massive, indis t inct ly crystall ine mineral 
in Calaveras Co., California, and in the R e d Closed Mine of Colorado ; he called i t 
ca laver i te . Analyses were reported b y A. Carnot , F . A. Genth , W. F . Hil lebrand, 
R. W. E . Maclvor, A. G. Holroyd, P . Krusch, E . H . Liveing, W . Lindgren and 
F . Ransome, B. L. Penfield and W. E . Ford , L*. J . Spencer, E . S. Simpson, e tc . The 
composition corresponds wi th t h a t of krenneri te , (Au9Ag)Te2 , or in t he idealized 
case, AuTe 2 . The crystals were s ta ted by S. L . Penfield a n d W. E . F o r d t o be 
monoclinic with the axial rat ios a : b : c = l ' 6 3 1 3 : 1 : 1*1449, a n d j8—90° 13 ' . 
G. F . H. Smith regarded i t as triclinic wi th t h e axia l ra t ios a : b : c 
= 2 0 0 1 3 : 1 : 1-1743, and <x==83° 58", jS=100° 39 ' , and y = 9 0 ° 19' . M. L . Huggins 
studied the electronic s t ructure of t he crystals . F . A. Genth gave 9-043 for t h e 
sp. gr. ; E . S. Simpson, 9-311 ; J . C. H . Mingaye, 9-377 ; a n d R. W. E . Maclvor , 
9-314 ; J . JoIy observed a subl imate of te l lur ium monoxide occurs between 450° 
and 530°, and of dioxide between 600° a n d 675°. A. Beutel l obta ined moss gold b y 
heating the telluride in a sealed tube a t 350°—600°. E . T. W h e r r y found t he mineral 
to be a fair radio-detector. According to Xu J . Spencer, when calaveri te is hea ted 
on charcoal in the oxidizing flame of t he blowpipe, t he tel lur ium i t contains is 
readily oxidized, giving rise to t he flame, a bead of gold being left behind. When 
heated in a bulb-tube, calaverite gives a black subl imate of metallic tel lurium, a n d 
a less volatile sublimate of drops of tel lurous oxide (TeO2) , which is yellow when ho t 
and white or colourless when cold ; a yellow malleable bead of gold is n o t obta ined 
in this way. Diiring t h e cooling of t h e beads so obtained, ei ther on charcoal or in 
the bu]b-tube, the interest ing phenomenon of recalescence was sometimes observed 
—after a red-hot bead h a d become da rk i t suddenly and momentar i ly again flashed 
out red and glowing. This behaviour , which was also exhibi ted b y beads obta ined 
fr< >m sylvanite, appeared to depend on the presence of a small a m o u n t of te l lur ium 
still remaining in t he bead . H . E . McKins t ry observed no effect when t h e mineral 
is exposed to the electric arc-light. R . G. H a r v e y studied the electrical resistance. 

These observations make it apjjear as if there are three gold tellurides : (1) 
idealized gold di te l lur ide, AuTe2---namely, rhombic krenneri te ; (2) monoclinic 

sylvanite, and (3) triclinic calaveri te. All these 
minerals contain more or less silver. The the rma l 
d iagram for t h e system : A u - T e was examined by 
H . Pelabon, and more completely b y G. Pellini and 
E . Quercigh, whose results are summarized in 
Fig. 16. The alloys were made b y direct fusion in 
an a t m . of carbon dioxide. The curve has a single 
m a x i m u m corresponding with gold ditelluride, 
AuTe 2 , melt ing a t 464° ; H . Pe labon gave 472° 
for t he m.p . ; and T. K. Rose, 452°. The curve of 

pellini and E . Quercigh shows two eutectics a t 
416° with 12 a t . per cent. Au, and a t 447° with 
47 a t . per cent. Au. There is no indication of t he 

^ i i ^ . , , , formation of solid soln. Since the ditelluride 
cannot be obtained by the act ion of tel lurium on gold salts, i t is inferred t h a t " h e 
minerals have been formed by fusion processes. M. Coste's observat ions on the 
S I 1 ' 1 0 - P P - n e e and t h e e.m.f. of gold-tel lurium alloys Z w e d t h e g 5 d 

s u l p i o t e i ? u r T d e e I i U l u T ? ^ "** h « ^ U u r i d e , Au 2 Te, t o be formed by hea t ing gold 
sulpnotel luride, Au2Ss TeS 2 , so as t o dr ive off t he sulphur : B . Brauner » said t h« t 
J t T ^ * a l 0 7 8 ° ! t e l I u r i . u m a r e h e a * " l t o redness in a cur ren t of carbon d ^ x i d e 
t h e y dissociate i n to a mix tu re of t h e hemitel lur ide and gold. J . Mawttel^id 

/00 ,20 40 60 80 
dt.joer ce/ft. Au 

F I G . 16.— Freezing-point Curve 
of t h e Sys tem ; A u - T e . 
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t h a t t h e h e m i t e l l u r i d e is f o r m e d w h e n t h e v a p o u r of t e l l u r i u m is pas sed over leaf 
gold h e a t e d in t h e a b s e n c e of a i r . V . L e n h e r w a s u n a b l e t o p r e p a r e a go ld t e l lu r ide 
b y h e a t i n g a m i x t u r e of t h e t w o e l e m e n t s ; a n d w h e n h y d r o g e n t e l lu r ide is passed 
in to a soln. *of a u r i c ch lor ide , go ld is p r e c i p i t a t e d . If a soln. of a u r i c ch lor ide be 
t r e a t e d w i t h t e l l u r i um, gold is d e p o s i t e d a n d t e l l u r i u m t e t r a c h l o r i d e is f o r m e d : 
4 rAuCl 3 4-3Te=4Au4-3TeCl4 . . H e also f o u n d t h a t t h e n a t u r a l t e l l u r ides—ca lave r i t e , 
sy lvan i t e , co lo rado i t e , ka lgoor l i t e , a n d n a g y a g i t e — t h e go ld - t e l lu r ium al loys 
b e h a v e i n a s imi la r m a n n e r . H e n c e , i t w a s in fe r red t h a t t h e s e t e l lu r ides a r e n o t 
t o b e r e g a r d e d a s c h e m i c a l i n d i v i d u a l s . Li. N o w a c k o b s e r v e d t h a t t h e a l loys w i t h 
gold a n d t e l l u r i u m a r e v e r y b r i t t l e . C. A . T i b b a l s f o u n d t h a t s o d i u m te l lu r ide 
p r ec ip i t a t e s gold a n d t e l l u r i u m f rom soln. of s o d i u m t e l l u r a t e , b u t t h e s u b s t a n c e s 
formed do n o t a p p e a r t o b e of c o n s t a n t c o m p o s i t i o n . W h e n s o d i u m te l lu r ide 
r eac t s w i t h a n excess of n e u t r a l au r i c ch lor ide soln. , a p r e c i p i t a t e of meta l l i c gold 
is fo rmed w h i c h c o n t a i n s n o t e l l u r i u m . T h i s m a y b e d u e t o o n e of t w o reac t ions , 
viz. a t e l lu r ide of gold m a y b e f o r m e d w h i c h a t once r e a c t s w i t h t h e excess of n i t r i c 
chlor ide , r e d u c i n g i t in a m a n n e r s imi la r t o t h e a c t i o n of t h e n a t u r a l t e l lu r ides ; or 
t h e s o d i u m t e l l u r ide m a y a c t s i m p l y a s a r e d u c i n g a g e n t t o w a r d t h e au r i c ch lor ide 
acco rd ing t o t h e e q u a t i o n : 2AuCl 3 -+-Na 2 Te-= 2 N a C l + T e C J 4 + 2 A u . A. B r u k l 
o b t a i n e d aur ic te l luride, A u 2 T e 3 , b y t h e a c t i o n of h y d r o g e n t e l lu r ide on a n e the rea l 
soln. of a u r i c ch lo r ide s ince in a q . soln . t h e c o m p o u n d is d e c o m p o s e d . T h e b l ack , 
f locculent t e l l u r ide is so lub le in so ln . of a m m o n i u m h y d r o te l lu r ide a n d s o d i u m 
te l lur ide , a n d o n l y s l i gh t ly so luble i n soln. of a m m o n i u m su lph ide o r s o d i u m sul­
ph ide . Non-ox id i z ing ac ids a r e w i t h o u t a c t i o n , b u t n i t r i c ac id d issolves t h e 
t e l l u r i u m a n d l eaves t h e go ld b e h i n d . 

T h e m i n e r a l hess i te , in t h e idea l ized case , is s i lver hemi t e l l u r ide , A g 2 T e , b u t i t is 
n e a r l y a l w a y s aur i fe rous , a n d t o d i s t i n g u i s h t h e t w o , J . F . L . H a u s m a n n cal led t h e 
former Tellursilher a n d t h e l a t t e r , Tellurgoldsilber ; a n d W . H a i d i n g e r p r o p o s e d t o 
call t h e aur i fe rous va r i e t i e s pe tz i t e—afte r W . P e t z . T h e a n a l y s e s a n d occur rences 
a r e i n c l u d e d in t h e de sc r i p t i on of hes s i t e . !Like hess i t e i t c rys ta l l i zes in t h e cubic 
sy s t em. T h e idea l ized m i n e r a l c a n b e r e g a r d e d a s go ld hemi t e l lu r ide , A u 2 T e , 
a c t u a l l y i t is a s i lver gold h e m i t e l l u r i d e , (Au ,Ag) 2 Te . J . J o I y found t h a t a s u b ­
l i m a t e of t e l l u r i u m d iox ide is f o r m e d a t 750° . E . T . W h e r r y f o u n d t h e m i n e r a l t o b e 
a poor r a d i o - d e t e c t o r . A c c o r d i n g t o L . J . Spence r , w h e n h e a t e d o n cha rcoa l in 
t h e ox id iz ing f lame of t h e b l o w p i p e , p e t z i t e p r o d u c e s o n l y s l igh t ly t h e b lu ish-green 
colora t ion of t h e flame a n d t h e d e n s e w h i t e fumes c h a r a c t e r i s t i c of t e l l u r i u m ; on ly 
w h e n fused w i t h s o d i u m c a r b o n a t e does i t g ive a w h i t e ma l l eab le b e a d , a n d t h i s 
w h e n p l aced i n n i t r i c ac id b e c o m e s ye l low. Ca l ave r i t e a n d sy lvan i t e , on t h e o t h e r 
h a n d , a r e m u c h less s t a b l e , a n d a r e r e a d i l y c o n v e r t e d i n t o a b e a d of gold b y s imp ly 
h e a t i n g on cha rcoa l i n t h e ox id i z ing flame ; t h i s , howeve r , t a k e s p l ace m u c h m o r e 
r ead i ly w i t h c a l a v e r i t e t h a n w i t h s y l v a n i t e , s ince t h e l a t t e r c o n t a i n s m o r e si lver in 
c o m b i n a t i o n -with t h e t e l l u r i u m . H . E . McKLinstry o b s e r v e d n o effect b y expos ing 
t h e m i n e r a l t o t h e e lec t r ic a rc - l igh t . A c c o r d i n g t o F. Z a m b o n i n i , t h e ana ly se s of 
k r e n n e r i t e fall i n t o t w o g r o u p s : t h o s e c o n t a i n i n g b u t l i t t l e s i lver a n d w i t h t h e 
d i t e l lu r ide fo rmu la ( A u , A g ) T e 2 : a n d t h o s e c o n t a i n i n g a b o u t 20 pe r cen t , si lver, 
which h a v e t h e m o n o t e l l u r i d e f o r m u l a (Ag ,Au)Te . Crys t a l s of t h e former g r o u p 
a re iden t ica l w i t h t h e o r t h o r h o m b i c k r e n n e r i t e ; a n d t h o s e of t h e l a t t e r g r o u p a re 
t a k e n t o r e p r e s e n t a d i s t i n c t species for wh ich t h e n a m e m u t h m anni te—afte r 
W . M u t h m a n n — w a s p r o p o s e d . A na ly se s b y A. Schrauf , S. K o c h , R . Schar izer , 
a n d C. G a s t a l d i ag ree w i t h t h e fo rmu la for s i lver go ld monote l lur ide , (Au,Ag)Te, 
or in t h e ideal ized case , go ld monote l lur ide , A u T e . E x t e r n a l l y , m u t h m a n n i t e 
resembles k r e n n e r i t e , b u t t h e impe r f ec t c ry s t a l s a r e t a b u l a r a n d often e longa ted in 
one d i rec t ion , pa ra l l e l t o wh ich d i r ec t ion t h e r e is a per fec t c leavage . T h e colour 
is v e r y pa l e b rass -ye l low, b u t o n a fresh c l eavage , g rey i sh -whi te . A. D . Alvi r 
descr ibed a gold si lver t e l l u r ide f rom A n t a m o k , P h i l i p p i n e I s l ands , which he called 
antamokUe. 

M. B e r t h e l o t a n d C. F a b r e 1 0 o b t a i n e d c a l c i u m tel luride, p r e s u m a b l y CaTe, b y 
VOL. X I . E 
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h e a t i n g ca lc ium te l lur i te w i th c a r b o n i n a c u r r e n t of h y d r o g e n . I t is d e c o m p o s e d 
b y ac ids w i t h t h e evolu t ion of h y d r o g e n te l lu r ide , r a p i d l y if t h e t e l lu r ide is p o w d e r e d , 
a n d s lowly if i t b e in l u m p s . M. B e r t h e l o t a n d C. F a b r e o b t a i n e d s t r o n t i u m tel luride 
i n a s imilar w a y ; a n d also bar ium telluride. F . A. H e n g l e i n a n d R . R o t h cou ld 
n o t m a k e t h e a lkal ine e a r t h te l lur ides b y t h e m e t h o d s t h e y u sed for t h e se lenides . 
M. H a a s e gave 4*87 for t h e sp . gr. a n d 54*41 for t h e mol . vol . of c a l c ium t e l lu r ide ; 
respect ively 5*22 a n d 41*21 for s t r o n t i u m te l lu r ide ; a n d r e spec t ive ly 5*51 a n d 
48-08 for b a r i u m te l lur ide . The X - r a d i o g r a m s show t h a t t h e space- la t t i ces of 
ca lc ium a n d s t r o n t i u m te l lur ides h a v e t h e s o d i u m chlor ide s t r u c t u r e w i t h a r e ­
spect ively 3*20 A., a n d 3*34 A. V. M. Go ldschmid t g a v e a = 6 * 3 4 3 A. for c a l c ium 
tel lur ide, a n d I . Oftedal , « = 6 - 3 4 5 A., while M. H a a s e g a v e a = 6 * 8 2 t o 6-86 A. 
for b a r i u m te l lur ide , 6*48 A. for s t r o n t i u m te l lur ide , a n d 6*1 A. for ca l c ium 
te l lur ide . H e also g a v e for t h e ionic d i s t a n c e s 3-05 A. for c a l c ium te l lu r ide , 
3-26 A. for s t r o n t i u m te l lur ide , a n d 3*41 A. for b a r i u m te l lu r ide . L . P a u l i n g d i s ­
cussed t h e s t r u c t u r e . K . Spangenbe rg found t h e c ry s t a l s t r u c t u r e of b a r i u m 
te l lur ide t o b e of t h e s o d i u m chlor ide tyj>e w i th a d e n s i t y of 7-593. H e also found 
t h e index of refract ion a n d t h e mol . ref ract ion t o b e r e spec t ive ly 2*51, a n d 22*04 
for ca lc ium te l lur ide ; 2*408, a n d 25*39 for s t r o n t i u m te l lu r ide ; a n d 2-440, a n d 
29*94 for b a r i u m te l lur ide . I . Oftedal discussed t h e l a t t i ce c o n s t a n t s of ca lc ium 
te l lur ide . M. H a a s e found t h e i n d e x of ref rac t ion for t h e ZMine t o b e b e t w e e n 2*51 
a n d 2*58 for ca lc ium te l lur ide ; a n d for t h e Tl-, D-, a n d C-lines r e spec t ive ly 2*460, 
2*448, a n d 2*367 for s t r o n t i u m te l lur ide , a n d 2-520,^2-440, a n d 2*379 for b a r i u m 
te l lur ide . F o r t h e mol . refract ion of ca lc ium, s t r o n t i u m , a n d b a r i u m te l lu r ides , he 
gave resx>ectively 21*99, 24*38, a n d 29-95. F . Woh le r p r e p a r e d beryl l ium tel luride, 
as a grey powder , b y h e a t i n g a m i x t u r e of t h e t w o e l emen t s . C o m b i n a t i o n occurs 
w i t h o u t incandescence ; a n d t h e cold p r o d u c t gives off h y d r o g e n te l lu r ide w h e n 
t r e a t e d wi th wa te r . W . Zachar iasen gave a = 5 * 6 1 5 A. for t h e side of t h e face-
cen t r ed la t t i ce of be ry l l ium te l lur ide . M. B e r t h e l o t a n d C. F a b r e o b t a i n e d m a g ­
n e s i u m telluride, p r e s u m a b l y MgTe, b y h e a t i n g m a g n e s i u m in t h e v a p o u r of t e l l u r i u m 
car r ied b y a c u r r e n t of hyd rogen . If a m i x t u r e of t e l lu r ium a n d m a g n e s i u m b e 
h e a t e d t o dul l redness , a r eac t ion se ts in w i t h explosive violence. W . Zacha r i a sen 
found t h a t while m a g n e s i u m oxide , su lphide a n d selenide h a v e t h e s o d i u m ch lor ide 
s t r u c t u r e , m a g n e s i u m te l lur ide has t h e w u r t z i t e space- la t t i ce wi th side a = 4 * 5 2 A. , 
c = 7 * 3 3 A., a n d a : c = l : 1*622 ; t h e ca lcu la ted d e n s i t y is 3*86, a n d t h e s h o r t e s t 
d i s t ance b e t w e e n t h e m a g n e s i u m a n d t e l l u r ium a t o m s is 2*76 A. M. H a a s e g a v e 
26*83 for t h e mol . vol . KL. Spangenbe rg found t h e i n d e x of refract ion t o b e 3*05, a n d 
t h e mol , refract ion 29*94 ; whi le M. H a a s e gave 3*50 for t h e i n d e x of re f rac t ion for 
t h e ZMine. W h i t e , flocculent m a g n e s i u m te l lur ide qu ick ly t u r n s b r o w n w h e n 
exposed t o air , i t dissolves in w a t e r fo rming a purp le - red soln. if t h e w a t e r is o n l y 
s l ight ly ae ra t ed , b u t if t h e wa t e r is cha rged only with n i t rogen , t h e a q . soln. is 
colourless . Ac idu la t ed w a t e r ac t s on t h e te l lur ide w i th t h e evo lu t ion of h y d r o g e n 
te l lu r ide . L . Moser a n d K . E r t h p r e p a r e d m a g n e s i u m te l lur ide , a s a b r o w n s in t e r ed 
mass , b y dist i l l ing t e l l u r i um a t a low press , over f inely-divided m a g n e s i u m . 
D . M. I adde l l m a d e i t b y d r o p p i n g t e l l u r i um i n t o m o l t e n m a g n e s i u m . Accord ing 
t o A. Hilger , a n d K . B . Heber le in , a n a m m o n i a c a l soln. of a m a g n e s i u m sa l t i n t h e 
presence of a n a q . soln. of a n a lkal i t e l lu r ide gives a p r e c i p i t a t e of a.rni¥lQT»"*n 
magnesium telluride. 

J . J . Berze l ius 3 1 found t h a t w h e n a m i x t u r e of z inc a n d t e l l u r ium is h e a t e d 
u n i o n occurs w i t h incandescence , a n d a g rey po rous , c rys ta l l ine m a s s is p r o d u c e d 
wh ich is n o t soluble i n di l . su lphur ic ac id or cone, hydroch lor ic ac id . J . M a r g o t t e t 
o b t a i n e d z i n c tel luride, Z n T e , b y h e a t i n g a m i x t u r e of t h e c o m p o n e n t e l e m e n t s ; 
a n d C A . T ibba l s o b t a i n e d i t in a s imi lar w a y . M. K o b a y a s h i found t h a t a l loys 
of t e l l u r i u m a n d zinc furnish a f.p. cu rve , F ig . 17, wh ich shows t h e ex i s t ence of o n l y 
o n e c o m p o u n d , ZnTe , w i t h a m a x i m u m a t 1238-5°. T h e t w o eu t ec t i c p o i n t s 
p r a c t i c a l l y coinc ide w i t h t h e m . p . of t h e p u r e c o m p o n e n t s . T h e f .p . c u r v e falls 
s t e a d i l y f rom t h e c o m p o u n d t o t e l lu r ium, b u t a l loys r icher in zinc lose zinc so r a p i d l y 
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b y vo la t i l i za t ion t h a t i t is n o t poss ib le t o d e t e r m i n e t h e course of t h e c u r v e , 
a l t h o u g h t h e z inc e u t e c t i c a r r e s t is well m a r k e d . H . Bt. C. Devi l le a n d L . T r o o s t 
o b t a i n e d cub i c c r y s t a l s of t h e t e l lu r ide b y p a s s i n g h y d r o g e n o v e r zinc t e l lu r ide 
h e a t e d t o b r i g h t r e d n e s s . L.. Moser a n d K . E r t h p r e p a r e d z inc t e l lu r ide , as a pa l e 
b rown m a s s , s t a b l e in air , b y d is t i l l ing t e l l u r i u m a t a low press , ove r f inely-divided 

E . K o r d e s s t u d i e d t h e e i i tec t ic . M. K o b a y a s h i o b t a i n e d t h e t e l lu r ide a s a zinc. mas s of microscopic need les of s p . gr . 5-54 a t 13°. W . Z a c h a r i a s e n f o u n d t h a t t h e 
X - r a d i o g r a m s i n d i c a t e t h a t t h e cub ic space - l a t t i ce , of t h e z inc b l ende t y p e , h a s four 
mols . p e r cell ; t h e edge - l eng th of t h e cells is 6-07 A. ; a n d t h e ca lcu la ted d e n s i t y 
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is 5-72. Hy a d o u b l e d e c o m p o s i t i o n of soln . of s o d i u m te l lu r ide a n d zinc a c e t a t e 
in ace t ic acid soln. , C. A. T i b b a l s o b t a i n e d a ye l l owi sh -b rown p r e c i p i t a t e of t h e 
monohydrale, Z n T c H 2 O ; t h i s t u r n s b r o w n w h e n d r i ed . T h e c o m p o u n d w a s also 
p r e p a r e d b y A. B r u M . F . H e n g l e i n g a v e 29-5 for t h e m o l . vol . M. L . H u g g i n s 
s t u d i e d t h e a t o m i c s t r u c t u r e of t h e c r y s t a l s . W . Z a c h a r i a s e n g a v e a = 6 * 0 8 9 A. 
for t h e s ide of t h e f ace -cen t red l a t t i c e . I t is d e c o m p o s e d b y di l . hyd roch lo r i c ac id ; 
i t is ox id ized b y n i t r i c ac id ; a n d unaf fec ted b y di l . s u l p h u r i c ac id ; i t g ives t h e 
d a r k r ed a n h y d r i d e w h e n h e a t e d o u t of c o n t a c t w i t h a i r . C. F a b r e g a v e 37-22 
CaIs. for t h e h e a t of f o r m a t i o n of t h e c rys t a l l i ne t e l l u r ide . 

A. O p p e n h e i m o b t a i n e d i m p u r e c a d m i u m tel luride, C d T e , b y h e a t i n g c a d m i u m 
t e l lu r i t e or t e l l u r a t e t o r e d n e s s i n a c u r r e n t of h y d r o g e n . T h e b l a c k p o w d e r y ie lds 
a po rous , g r e y m a s s w h e n h e a t e d m o r e s t r o n g l y . J . M a r g o t t e t p r e p a r e d th i s 
c o m p o u n d b y m e l t i n g t o g e t h e r eq . p r o p o r t i o n s of t h e t w o e l e m e n t s a t 500°, a n d 
sub l iming t h e p r o d u c t s lowly i n a c u r r e n t of h y d r o g e n . M. K o b a y a s h i m a d e a l loys 
b y fusing m i x t u r e s of t h e t w o e l e m e n t s in g lass o r po rce l a in t u b e s in a n a t m . of c a r b o n 
d iox ide . T h e f .p . c u r v e , F i g . 18 , h a s a m a x i m u m a t a b o u t 1041°, c o r r e s p o n d i n g 
w i t h t h e c o m p o u n d TeCd , b u t i t is n o t poss ib le t o p r e p a r e t h i s c o m p o u n d in a p u r e 
cond i t i on u n d e r o r d i n a r y p ress . , owing t o t h e v o l a t i l i t y of c a d m i u m . T h e t w o 
eu tec t i c p o i n t s l ie so n e a r t o t h e f .p. of c a d m i u m a n d t e l l u r i u m re spec t i ve ly a s t o be 
i nd i s t i ngu i shab le f r o m t h e m . W . Z a c h a r i a s e n f o u n d t h a t t h e X - r a d i o g r a m agrees 
w i th a cub ic space - l a t t i ce , c o n t a i n i n g four mols . p e r cell w h i c h is of t h e zinc b lende 
t y p e w i t h t h e edge - l eng th of t h e cell 6-41 A. ; a n d t h e d e n s i t y , 6-06. W . H a r t v i g also 
sa id t h a t t h e space - l a t t i c e is of t h e z inc b l e n d e t y p e . C. A. T i b b a l s , a n d A. B r u k l 
o b t a i n e d t h e t e l lu r ide b y t r e a t i n g a soln . of c a d m i u m i n ace t i c ac id w i t h sod ium 
te l lu r ide . M. L . H u g g i n s s t u d i e d t h e a t o m i c s t r u c t u r e of t h e c rys t a l s . C. F a b r e 
g a v e for t h e h e a t of f o r m a t i o n : (Cd^Te) = 2 0 CaIs. C. A . T i b b a l s sa id t h a t t h e 
c h e s t n u t - b r o w n p r e c i p i t a t e d r i e s a l m o s t b l a c k ; i t is eas i ly ox id ized b y m o i s t a i r ; 
a n d is v e r y r e s i s t a n t t o w a r d s ac ids ; n i t r i c ac id a lone a t t a c k s i t in t h e cold. A. B r u k l 
obse rved n o s ign of t h e c o m p l e x 2CdTe .CdCl 2 . 

F . A. G e n t h 1 2 de sc r ibed a n i r on -b l ack m i n e r a l wh ich occurs a t K e y s t o n e , 
Colorado, a n d w h i c h h e ca l led co loradoi te . T h e ana lys i s w a s m a d e on i m p u r e 
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samples , b u t t h e resu l t s were t a k e n b y F . A. Gen th , a n d C. F . R a m m e l s b e r g t o 
i nd i ca t e t h a t idealized coloradoi te is mercury monote l lur ide , H g T e , m i x e d w i t h 
n a t i v e t e l lu r ium. E . S. S impson ana lyzed a s amp le f rom W e s t A u s t r a l i a a n d g a v e 
t h e r ep resen ta t ive formula H g 2 T e 3 ; b u t L.. J . Spencer found t h a t se lec ted s a m p l e s 
of homogeneous ma te r i a l from t h e s a m e loca l i ty g a v e resu l t s i n a g r e e m e n t w i t h 
t h e monote l lu r ide formula . L.. R ivo t , a n d G. A. K e n n g o t t descr ibed i m p u r e m e r c u r y 
te l lur ide from Chili : a n d W . F . Hi l l ebrand , from California. T h e m i n e r a l occurs 
mass ive a n d granula r . L.. J . Spencer t h u s descr ibed t h e minera l f rom W e s t 
Aus t ra l i a . I t is i ron-black, opaque , w i th a b r igh t meta l l i c l u s t r e , a n exce l len t 
conchoidal f racture , b u t no ind ica t ion of c leavage. W . Zachar iasen found t h a t t h e 
X - r a d i o g r a m of t h e monote l lur ide agrees wi th a cubic space- la t t i ce , of t h e z inc 
b lende t y p e , wi th four mols. per cell ; t h e edge- length of t h e cell is a = 6 - 3 6 A. ; 
a n d t h e ca lcula ted dens i ty is 8-42. F . de J o n g found a = 6 - 4 3 A. ; d e n s i t y 8-20 ; 
a n d t h e d i s t ance be tween t h e m e r c u r y a n d t e l l u r ium a t o m s 2-78 A. M. L . H u g g i n s 
s t ud i ed t h e a tomic s t r uc tu r e of t h e crys ta ls . T h e mine ra l is b r i t t l e a n d e x t r e m e l y 
friable. W . M. D a v y a n d C. M. F a r n h a m s tud ied t h e e t ch ing of po l i shed surfaces 
of t h e minera l . F o r i m p u r e samples , F . A. Gen th gave 8-627 ; a n d E . S. S impson , 
9-21 ; b u t for more p u r e samples , L . J . Spencer gave 8*062 t o 8-077—mean, 8-07. 
Accord ing to L. J . Spencer, t e t r a h e d r a l cubic c rys ta l s of m e t a c i n n a b a r i t e , H g S , 
h a v e a sp . gr. 7-81 ; those of t i emann i t e , 8-19 ; b u t co loradoi te , i n s t e a d of h a v i n g a 
g rea te r sp . gr. has a smaller one . F . Hengle in gave 38-0 for t h e mol . vol . J . J o I y 
observed a sub l imate of t e l lu r ium m o n o x i d e occurs a t 20°, a n d of t h e d iox ide a t 
835°. F . A. Gen th gave for t h e ha rdness , 3-0 ; L . J . Spencer , 2*5. F . Bei jer inck, 
a n d R. I>. H a r v e y said t h a t i t is a good conduc to r of e lectr ic i ty ; a n d E . T . W h e r r y 
found i t t o be a fair rad io-detec tor . P . I . Wolf a n d J . M. H y a t t s tud ied t h e H a l l 
effect wi th te l lur ium a m a l g a m s . L . J . Spencer said t h a t w h e n coloradoi te is 
h e a t e d on charcoal , i t read i ly fuses a n d colours t h e flame b r i g h t b lu ish-green, emi t s 
dense wh i t e fumes, a n d in a v e r y sho r t t i m e comple te ly d i sappears . I n t h e closed 
t u b e i t fuses w i th sp lu t t e r ing t o a b lack globule, a n d gives a sub l ima te of globules of 
m e r c u r y a n d a m u c h less vola t i le sub l ima te of d rops of te l lurous oxide, t h e l a t t e r 
be ing yellow when h o t a n d wh i t e or colourless w h e n cold ; wi th a larger f r a g m e n t 
of ma te r i a l a b lack sub l ima te of meta l l ic t e l lu r ium is also ob t a ined . 

B o t h M. H . K l a p r o t h , and J . J . Berzel ius n o t e d t h e ease w i th which t e l l u r i um 
a m a l g a m a t e s wi th mercury , a n d t h e y p r e p a r e d t in -whi te , a n d g r anu l a r tellurium 

amalgams ; a n d Gr. Pel l ini a n d C. Aureggi found 
t h a t m i x t u r e s of m e r c u r y a n d y>owdered t e l l u r i um 
r e a c t read i ly on hea t i ng w i th d e v e l o p m e n t of a 
cons iderable a m o u n t of h e a t . W h e n 66 a t . pe r 
c en t , or m o r e of t e l l u r i u m are p resen t , t h e m i x t u r e 
fuses comple te ly , whi l s t m i x t u r e s less r ich in tel lu­
r i u m decompose a t a h igh t e m p , wi th l ibera t ion 
of m e r c u r y . T h e solidification curves of m i x t u r e s 
con t a in ing from 60 t o 65 a t . pe r cent , of t e l l u r i u m 
exh ib i t a eu tec t i c t e m p , h a l t a t a b o u t 410°, F ig . 19. 
T h e form of t h e cu rves ind ica te s t h e exis tence of 
a mercur i c monote l lu r ide , which , however , m e l t s 
w i t h decompos i t ion a t t h e o r d i n a r y press . , i t s u p p e r 
l imi t of s t ab i l i ty be ing a b o u t 550°. T h e eu tec t i c 
Te- f -HgTe cor responds w i t h 87 a t . pe r cen t , of 
t e l lu r ium, a n d h a s a d i s t inc t ly c rys ta l l ine a p p e a r ­
ance . Te l lu r ium dissolves on ly s l ight ly in m e r c u r y . 
W h e n t r i t u r a t e d in a m o r t a r a t t h e o r d i n a r y t e m p . , 

m e r c u r y a n d t e l l u r i u m y ie ld a g rey i sh -whi t e p a s t e 
w i t h a me ta l l i c lu s t r e , f rom which , af ter a long t i m e , or b y g e n t l y hea t i ng , t h e 
m o n o t e l l u r i d e m a y b e i so la ted . A . C. Vournasos o b t a i n e d t h e mono te l lu r ide b y 
h e a t i n g t h e c o n s t i t u e n t s u n d e r me l t ed paraffin. J . M a r g o t t e t found t h a t t h e 
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vapours of t h e t w o e l e m e n t s a t a b o u t 800° u n i t e w i t h a smal l explosion, w i t h t h e 
evolut ion of h e a t . T h e b l a c k p o w d e r w h i c h is fo rmed suffers a l i t t l e dissociat ion 
a t 360°. IP. Kraff t a n d R . E- L y o n s o b t a i n e d t h e t e l lu r ide b y t h e ac t ion of 
t e l lu r ium dichlor ide o n m e r c u r y p h e n i d e . C. A . T ibba l s obse rved t h a t s o d i u m 
te l lur ide soln. p r e c i p i t a t e s f rom mercu r i c chlor ide soln. , a g r ey s u b s t a n c e , which 
changes first t o a yel low a n d t h e n t o a r e d colour, a n d finally t o a homogeneous 
l ight b r o w n . T h e final p r o d u c t is m e r c u r o u s chlor ide , a n d t e l l u r i u m is found 
t o b e dissolved in t h e soln. Mercur ic t e l lu r ide is p r o b a b l y fo rmed a t first, b u t 
subsequen t ly r eac t s w i t h t h e excess of mercu r i c chlor ide r educ ing i t t o m e r c u r o u s 
chloride w i t h t h e f o r m a t i o n of t e l l u r i u m chlor ide . A. Br i ik l o b t a i n e d i t b y t h e 
ac t ion of h y d r o g e n te l lu r ide on soln. of mercur i c sa l t s . Mercury m o n o te l lu r ide is 
n o t s t ab le in air , b u t r e a d i l y decomposes i n t o i t s c o m p o n e n t s . I t is a l i t t le soluble 
in a m i x e d soln. of s o d i u m su lph ide a n d h y d r o x i d e , b u t n o t in a m m o n i u m su lph ide ; 
i t is a l i t t l e soluble in a soln. of a m m o n i u m hydro t e l l u r i de . Mercur ic chlor ide soln. 
a re r educed . Mercur ic t e l lu r ide is easi ly oxid ized b y n i t r i c acid , a n d ac ids decom­
pose i t i n t o i t s e l emen t s w i t h o u t fo rming h y d r o g e n te l lu r ide . A. B r u k l could n o t 
p r epa re mercurous telluride, H g 2 T e , b y t h e a c t i o n of h y d r o g e n te l lu r ide on a soln. 
of a mercu rous sa l t T h e p r o d u c t is a m i x t u r e of t e l l u r i u m a n d m e r c u r y . 

K. F . P i t t m a n described an iron-black mineral from Kalgoorl ie , W e s t Australia, a n d he 
called i t kcUgoorlite. The analys is corresponded w i t h H g A u 2 A g 6 T e 6 ; a n d t h e sp. gr. was 
8-791. E . S. S impson, and L. J. Spencer also ana lyzed a sample-with results in agreement 
wi th this . A. Carnot previously appl ied t h e t erm kalgoorl ite t o a mercurial petz i te from t h e 
same locality. T. A. f i ichard, a n d E . H . L ive ing regarded it a s a mix ture of petz i te and 
coloradoite ; and th is -was proved t o b e the case b y L. J . Spencer—thus , H g A u 2 A g 6 T e 6 
=HgTe(coloradoi te) -4-2Ag 8 AuTe a (petz i te ) - f -Te . H . E . McKins try observed n o effect 
when t h e mineral is exposed t o t h e electric arc-l ight. A. Carnot also described a mineral 
from t h e E a s t Coolgardie gold field, W e s t Austral ia, as a sesquitel luride of gold, silver, and 
mercury, (AXL, Ag , H g , Cu, Fe , Sb)2Te3 , or (Au, Ag , H g ) 8 T e 3 . I t was cal led coolgardite. 
The analyses differ wide ly , and 1 .̂ .T. Spencer s h o w e d t h a t coolgardite is probably not a 
dist inct, homogeneous individual , but rather a mix ture of coloradoite, calaverite, petzi te , 
and sy lvani te . 

H . Moissan 1 3 obse rved t h a t b o r o n does n o t c o m b i n e w i t h t e l l u r i um t o form 
a boron telluride. F . W o h l e r p r e p a r e d p r e s u m a b l y n o r m a l a l u m i n i u m telluride, 
Al 2 Te 8 , b y h e a t i n g a m i x t u r e of t h e 
powdered e lements ; a v igorous r eac t ion 
sets in , w i t h incandescence . M. Chika-
shige a n d J . Nose m a d e a s imi lar o b ­
se rva t ion . C. W h i t e h e a d sa id t h a t th i s 
te l lur ide is fo rmed w h e n va r i ab l e q u a n t i ­
t ies of t h e t w o e l emen t s a r e m e l t e d 
toge the r . D . M. Ldddell m a d e t h e te l lu­
r ide b y d r o p p i n g t e l l u r i u m i n t o m o l t e n 
a lumin ium. R . d e F o r c r a n d a n d 
H . Fonzes -Diacon inf lamed a m i x t u r e 
of t h e p o w d e r e d e l emen t s b y m e a n s of 
a piece of m a g n e s i u m r ibbon . M. Chika-
shige a n d J . Nose s t ud i ed t h e f.p. c u r v e 
of t h e m i x t u r e s , a n d t h e i r resu l t s a r e 
s u m m a r i z e d i n F i g . 20. T h e f .p. c u r v e on t h e t e l l u r i um side shows t h e fo rmat ion 
of t h e n o r m a l t e l lu r ide Al 2 Te 3 , of m . p . 895° . Th i s te l lur ide forms mixed c rys ta l s 
wi th t e l l u r ium, t h e series e x t e n d i n g f rom t h e p u r e c o m p o u n d (12-4 per cent , b y 
weight of a l u m i n i u m ) t o a m i x t u r e which c o n t a i n s 4-4 pe r cent , of a l umin ium. On 
cooling, t h e a - m i x e d c rys t a l s u n d e r g o t r a n s f o r m a t i o n in to j3-mixed c rys ta l s . T h e 
t e m p , a t wh ich t h i s convers ion t a k e s p lace d imin i shes w i t h increase in t h e t e l lu r ium 
con ten t , a n d for t h e sa t , a - m i x e d c rys t a l s falls t o 541°. T h e j8-mixed c rys ta l s 
a n d t e l l u r i u m co-exis t a t t h e eu t ec t i c t e m p . 414° , t h e eu tec t i c m i x t u r e con ta in ing 
2-8 pe r cen t , of a l u m i n i u m . Li. Moser a n d K , E r t h p r e p a r e d a l u m i n i u m tel lur ide 
as a b l ack i sh -b rown , a m o r p h o u s mass , b y pass ing t h e v a p o u r of te l lur ium, u n d e r 
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reduced press. , over finely-divided a l u m i n i u m . A. Iu. P o c o c k a n d co-workers dis­
cussed t h e p repa ra t i on of Al-Te-alloys. T h e te l lur ide m a y a p p e a r a s a b lack , b r i t t l e 
mass wi th a metal l ic appea rance , or i t m a y be a choco la te -b rown p o w d e r . I t smells 
of hydrogen te l lur ide, and gives off t h a t gas v igorous ly w h e n t r e a t e d w i t h w a t e r 
or in con tac t wi th mois t air : A l 2 T e 3 ^ - S H 2 O = S H 2 T e - J - A I g O 3 . L . Moser a n d 
K. E r t h also said t h a t a l u m i n i u m te l lur ide decomposes in a i r fo rming h y d r o g e n 
te l lur ide ; a n d t h e y r e c o m m e n d e d t h e d r o p p i n g of a l u m i n i u m te l lu r ide i n t o d i l . 
acid as a mode of p repa r ing hydrogen te l lur ide . G. N a t t a s t u d i e d t h e ac t ion of t h e 
te l lur ide on alcohols a n d e the rs . T h e f.p. cu rve of m i x t u r e s of a l u m i n i u m a n d 
te l lu r ium on t h e a l u m i n i u m side of t h e Al 2 Te 3 - cu rve is t e r m i n a t e d b y a eu t ec t i c 
poin t , in which t h e te l lur ide and a l u m i n i u m co-exist in equ i l ib r ium. T h e eu t ec t i c 
m i x t u r e con ta ins 97 per cent , of a l u m i n i u m a n d t h e eu tec t i c t e m p , is 621°. T h e 
conglomera tes , consis t ing of t h e te l lur ide or a l u m i n i u m a n d t h e eu tec t i c , u n d e r g o 
t r ans fo rma t ion w h e n t h e t e m p , has fallen t o 551° w i t h t h e fo rma t ion of a l u m i n i u m 
pentitatelluride, Al 5 Te, according t o t h e equa t i on : A l 2 T e 3 + 1 3 A 1 = 3 A l 6 T e . T h e 
c o m p o u n d Al 5 Te is less readi ly decomposed, b u t h y d r o g e n te l lu r ide is l i be ra t ed in 
c o n t a c t wi th water , t h e reac t ion being possibly r ep resen ted b y A l 5 T e + H 2 O - [ - O 2 
= T e H 2 + A l 2 O 3 + 3 A l . F . T. Sisco a n d M. R . W h i t m o r e s tud i ed some t e r n a r y a l loys 
of a lumin ium, copper , a n d te l lu r ium. 

According to C. Renz , 3 4 i nd ium a n d t e l lu r ium u n i t e w i t h incandescence w h e n t h e 
m i x t u r e is hea ted forming, p r e sumab ly , ind ium telluride, I n 2 T e 3 . Accord ing t o 

H . Pe labon , t e l l u r ium u n i t e s w i t h t h a l l i u m when 
t h e t w o e lements a r e m e l t e d toge the r , fo rming 
tha l l ium hemitel luride, T l 2 Te , when more t h a n 
24 per cent , of Tl is p resen t . A. Brukl p r e p a r e d 
th i s te l lur ide by t h e ac t ion of hyd rogen te l lur ide 
on a n a m m o n i a c a l soln. of a tha l lous sa l t . I t is 
easily decomposed , a n d gives h y d r o g e n te l lu r ide 
w i th acids . C. F a b r e gave 12-24 for t he h e a t of 
fo rmat ion of crystal l ized tha l lous te l lur ide . G. T a m -

*** Per cent. 7e ^ '"" m a n n s tud ied t h e chemical a c t i v i t y of t h e a l loys . 
F io . 21. Freezing-point Curve This c o m p o u n d mel t s a t 412°, a n d as t h e p ropo r t i on 

of the System : Tl Te. of t h a l l i u m diminishes , t h e m . p . cu rve rises t o a 
m a x i m u m a t 422°, cor responding wi th t h e com­

p o u n d tha l l ium pentitatritelluride, T l 5 Te 3 , or Tl2Te3A)Tl2Te. T h e cu rve t h e n falls 
t o a m i n i m u m a t 214° represent ing , p re sumab ly , t h e eu tec t ic m i x t u r e 2 T l + 5 T e ; 
a n d i t finally rises t o 452°, t h e m . p . of t e l lu r ium alone. M. Chikashige 's f.p. cu rve , 
F ig . 2 1 , shows only a single m a x i m u m a t 428° cor responding wi th tha l l ium tritadi-
telluride, T l 3 Te 2 , a n d t h e b r e a k in t h e c u r v e a t 305° a n d 4 0 5 per cent , of t e l l u r ium 
cor responds wi th tha l l ium monote l luride , T lTe . T h e eu tec t ic po in t lies a t 200° 
a n d 58-5 pe r cen t . Te . T h e al loys s e p a r a t e i n to t w o l iquid l ayers be tween t h e l imi ts 
1-5 a n d 24 pe r cen t . Te a t 393°. Solid soln. a re formed only b y t h e c o m p o u n d 
T e 2 T l 3 w i th 5-5 per cent , of t ha l l i um. This compound is v e r y b r i t t l e , whi l s t t h e 
c o m p o u n d TeTl , which forms long needles, is m u c h less so. 

Accord ing t o A. S tock a n d H . B l u m e n t h a l , 3 5 when a n arc is formed u n d e r c a r b o n 
d i su lph ide b e t w e e n a t e l lu r ium c a t h o d e a n d a g r a p h i t e anode t h e t e l l u r ium is 
r a p i d l y vapor ized , a n d condenses , for t h e m o s t p a r t , in t h e form of a fine b l ack 
powder . A t t h e s a m e t i m e t h e c a r b o n d i su lph ide becomes yel low t o b rownish- red 
in colour , a n d acqu i res a p e n e t r a t i n g , v e r y d isagreeable odour . On exposu re t o 
d a y l i g h t , t h e filtered soln. soon, a n d in d i rec t sun l igh t i m m e d i a t e l y , depos i t s a b lack 
p r e c i p i t a t e . If t h e yel low soln. is c o n c e n t r a t e d b y e v a p o r a t i o n on t h e w a t e r - b a t h , 
a n d t h e n h e a t e d in a sealed e v a c u a t e d t u b e a t 175° for for ty-e ight hour s , a greyish-
b l a c k depos i t is ob t a ined , t h e c a r b o n d i su lph ide n o t be ing affected. ' Ana lyses 
a g r e e d w i t h t h e a s s u m p t i o n t h a t t h e u n s t a b l e c o m p o u n d dissolved in c a r b o n 
d i su lph ide , a n d which is r ead i ly decomposed b y exposure t o l igh t or h e a t , is c a r b o n 
d i te l lur ide , C T e 2 . O n e v a p o r a t i n g t h e yel low soln. in ca rbon d i su lph ide , i t l eaves 
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a viscid, b r o w n res idue , wh ich will aga in dissolve t o a yel low soln. if i m m e d i a t e l y 
t r e a t e d wi th t h e so lvent , b u t o therwise becomes solid a n d grey ish-b lack in a few 
seconds, decompos ing i n t o c a r b o n a n d t e l lu r ium. T h e s a m e soln. a t —100° gives 
gl is tening, b r o w n crys ta l s , wh ich dissolve on s l ight ly ra i s ing t h e t e m p . T h e soln. 
of c a rbon te l lur ide h a s a n u n b e a r a b l e p e n e t r a t i n g odour , even w h e n so d i lu te a s 
O l pe r cen t . Smel l ing a s o m e w h a t s t ronge r soln. for on ly a s h o r t t i m e is e n o u g h t o 
i m p a r t a n in t ense o d o u r of garl ic t o t h e b r e a t h for severa l d a y s . A. S tock a n d 
P. P r a e t o r i u s showed t h a t t h e p h e n o m e n a a r e d u e t o t h e decompos i t ion of ca rbon 
sulphotelluride :—vide infra. T h e r e is n o evidence t h a t c a rbon d i te l lu r ide h a s been 
p repa red . I . Oftedal p r e p a r e d smal l , t a b u l a r , r ed 
c rys ta l s of t i t a n i u m te l luride , T iTe 2 , b y h e a t i n g a 
m i x t u r e of p o w d e r e d t i t a n i u m a n d t e l lu r ium. T h e 
X - r a d i o g r a m s show t h a t t h e c rys ta l s h a v e a s t r u c ­
tu re l ike c a d m i u m iod ide-s tann ic su lph ide , a n d 
t i t a n i u m su lph ide a n d selenide. T h e h e x a g o n a l 
l a t t i ce has a=3-774: A., a n d c = 6 * 5 3 9 A., or 
a: c = l : 1-732. T h e ca lcu la ted sp . gr . is 6-24. 
Gr. N a t t a , a n d V. M. Groldschmidt s tud ied t h i s 
subjec t . J . J . Berzel ius obse rved t h a t t e l lu r ium 
readi ly al loys w i th t in , a n d A. D i t t e found t h a t 
tin monotelluride, or stannous telluride, SnTe, 
is p roduced w h e n t h e t w o e l emen t s in theore t i ca l p ropor t ions a r e m e l t e d toge the r . 
Combina t ion occurs w i t h incandescence a s soon as t h e t i n me l t s . If t h e m a t t e -
grey powder be h e a t e d t o b r i g h t redness in a c u r r e n t of h y d r o g e n , i t forms 
a green v a p o u r , a n d s lowly dis t i ls . X). M. L idde l l m a d e t h e a l loy b y d ropp ing 
t e l lu r ium i n t o m o l t e n t i n . H . P e l a b o n found t h a t t h e f.p. cu rve of t i n rises wi th t h e 
add i t ion of t e l l u r i um r a p i d l y a n d t h e n m o r e g r adua l l y u n t i l a m a x i m u m a t 780° is 
a t t a i n e d co r re spond ing w i t h t h e mono te l l u r i de ; t h e cu rve t h e n falls r a p i d l y t o a 
m i n i m u m curve a t 388°, t h e f.p. of t h e eu tec t i c w i th 17 p e r cent , of t e l lu r ium. I t 
t h e n rises t o 452°, t h e m . p . of t e l l u r i um. T h e r e is n o s ign of e i ther S n 2 T e 3 or of 
S n T e 2 on t h e f.p. cu rve . I n H . P a y ' s cu rve , t h e m a x i m u m for S n T e is a t 769°, a n d 
t h e eu tec t ic a t 399° a n d 85 pe r cen t . T e ; t h e o t h e r eu t ec t i c h a s a v e r y low p r o p o r t i o n 
of t e l lu r ium. I n W . Bi l tz a n d W . Meck lenberg ' s cu rve , F ig . 22, t h e m a x i m u m 
for SnTe is a t 800°, a n d a eu tec t i c a t 404° a n d 85 pe r cen t . T e . M. K o b a y a s h i 
o b t a i n e d a m a x i m u m a t 780°, a n d a eu tec t i c a t 393° w i t h 86 pe r cent , of t e l lu r ium. 
K. K o r d e s s t u d i e d t h e eu tec t i cs . A . B r u k l o b t a i n e d s t a n n o u s te l lur ide , SnTe , b y 
t h e ac t ion of h y d r o g e n te l lu r ide o n a soln. of s t a n n o u s chlor ide . W . H a r z g a v e 
3-07 X 10 1 2 for t h e v ib ra t ion - f requency . W . H a k e n ' s obse rva t i ons on t h e electrical 
conduc t iv i t i e s of t h e a l loys a re s u m m a r i z e d in F ig . 23 ; a n d his obse rva t i ons o n t h e 

22.—Freez ing-point Curve 
of T in a n d Tel lurium. 
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Fio , 23.—The Electrical Conductivities 
of the Sn-Te Alloy. 
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F i o . 2 4 . — T h e Thermoelectric 
Powers of the S n - T e Al loys . 

the rmoelec t r i c powers a r e s u m m a r i z e d in F i g . 24. Wel l -d ipped b r e a k s occur 
cor responding w i t h t h e mono te l lu r ide . B e t w e e n 55 a n d 100 per cen t , of Sn, t h e 
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the rmoe lec t r i c power cu rve is a s t r a i g h t l ine of sma l l s lope . N . A . P u s c h i n observed 
t h a t t h e grey al loys of t e l lu r ium a n d t i n a r e b r i t t l e , a n d t h a t t h e e l ec t rode p o t e n t i a l 
difference w i t h t h e cell Sn j ^V-H2SO4 | S n T e n h a s a b r e a k c o r r e s p o n d i n g w i t h t h e 
monote l lu r ide , as shown in Fig . 25 . T h e o b s e r v a t i o n s of K . H o n d a a n d T . Sone on 
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F I G . 2 5 . — E l e c t r o m o t i v e F o r c e of t h e 
Cel l S n I A r - H 2 S O 4 | S n T e n . 

F I G . 2 6 . — M a g n e t i c S u s c e p t i b i l i t y 
of t h e S n - T e A l l o y s . 

t h e m a g n e t i c suscept ibi l i t ies of t h e solid a n d l iqu id a l loys , a r e s u m m a r i z e d in F i g . 26 . 
T h e cu rve consis ts of t w o s t r a i g h t l ines -which in t e r sec t a t t h e c o n c e n t r a t i o n corre­
spond ing w i t h t h e mono te l lu r ide . H . E n d o also s t u d i e d t h e m a g n e t i c p r o p e r t i e s 
of t h e al loy. A. D i t t e sa id t h a t w h e n t h e mono te l l u r ide is h e a t e d w i t h a cone . soln. 
of a lka l i su lphide , t e l l u r i um s u l p h o s t a n n a t e is n o t formed, b u t t e l l u r i u m s e p a r a t e s 
in fern-like, r h o m b o h e d r a l p l a t e s . A. B r u k l m a d e s tannic tel luride or t in di tel luride, 
SnTc 2 , b y t h e ac t ion of h y d r o g e n te l lu r ide on a soln. of a s t a n n i c sa l t . T h e b l a c k 
flocculent p rec ip i t a t e is insoluble in w a t e r , b u t i t r e ad i ly dissolves i n soln. of 
a m m o n i u m su lph ide , or of a lka l i h y d r o x i d e . T h e l a t t e r soln. is red , b u t i t b e c o m e s 
colourless in a i r w i t h t h e s e p a r a t i o n of a g rey powder . I t is decomposed by di l . 
ac ids . G. T a m m a n n s tud i ed t h e chemica l a c t i v i t y of t h e Se-Te al loys. 

G. R o s e 1 6 o b t a i n e d a m i n e r a l from Al ta i , Ura l s , which h e descr ibed as a t e l lu r ide 
of l ead ; a n d i t was cal led a l taite b y W . Ha id inge r . F . S. B e u d a n t e m p l o y e d 

J . J . N . H u o t ? s t e r m for n a g y a g i t e , n a m e l y , 
elaswiose. I I . !Louis descr ibed i t s occur rence a t 
C h o u k p a z a t , U p p e r B u r m a ; I . D o m e y k o , in Con-
dor r iaco , Chi l i ; C. A. Ste tefe ld t , a n d F . A. G e n t h , 
in Ca laveras Co., California ; W . T. Schal ler , 
T u o l u m n e Co., California ; F . M. E n d l i c h , a n d 
F . A. G e n t h , a t Goldhill , Colorado ; F . A. G e n t h , 
in G a s t o n Co., N o r t h Carol ina ; G. C. H o f f m a n n , 
i n K o o t a n i e , a n d Yale , Br i t i sh Columbia ; A. des 
Cloizeaux, B o n t d d u , N o r t h W a l e s ; a n d L.. J . Spen­
cer, a n d E . S. S impson , Kalgoor l ie , W e s t Aus t r a l i a . 
Ana lyses of a l t a i t e were r e p o r t e d b y G. R o s e . 
H . Lou is , F . A. G e n t h , G. C. Hof fmann , W . T . Scha l ­
ler, a n d E . S. S impson . T h e resu l t s ag ree t h a t 
altaite is a lead monotelluride, PbTe, in which a 
l i t t le si lver m a y replace lead, and a l i t t l e s u l p h u r 

or se l en ium m a y rep lace t e l lu r ium. T h e mine ra l usua l ly occurs mass ive , r a r e ly 
in cubes . 

J . J . Berzel ius obse rved t h a t l ead and t e l l u r i um read i ly form a l loys w h e n a 
m i x t u r e of t h e t w o e l e m e n t s is me l t ed . H . F a y a n d C. B . Gillson a d d e d t e l l u r i u m 
t o l ead m e l t e d u n d e r a l aye r of cha rcoa l ; a n d W . H a k e n m e l t e d t h e m i x t u r e in 
h y d r o g e n gas . D . M. Ldddell m a d e t h e a l loy b y d r o p p i n g t e l l u r i u m i n t o m o l t e n 
l ead . Al loys were also m a d e b y M. Dreifuss , N . A. P u s c h i n , C. A. T ibba l s , H . PeIa-
b o n , A. C. V o u r n a s o s , a n d M. K i m u r a . J . M a r g o t t e t sa id t h a t u n i o n occurs a t 
a b o u t 500° , a n d is a t t e n d e d b y t h e evo lu t ion of h e a t a n d l ight . C. F a b r e m a d e t h e 
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F r o . 2 7 . — F r e e z i n g - p o i n t C u r v e 
of L e a d a n d T e l l u r i u m . 
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m o n o t e l l u r i d e b y p a s s i n g t h e v a p o u r of t e l l u r i u m , i n a c u r r e n t of n i t r o g e n , o v e r 
h e a t e d l e a d . C. A . T i b b a l s o b t a i n e d P b T e b y h e a t i n g P b 2 T e 3 t o r e d n e s s ; a n d 
A . B r u k l , b y a d d i n g s o d i u m t e l l u r i d e t o a s o l n . of a l e a d s a l t . A c c o r d i n g t o 
H . P e l a b o n , t h e f . p . c u r v e h a s a m a x i m u m a t 8 6 0 ° c o r r e s p o n d i n g w i t h t h e m o n o ­
t e l l u r i d e a n d a e u t e c t i c a t 4 5 2 ° w i t h 9-5 a t . p e r c e n t , o f t e l l u r i u m . H . F a y a n d 
C. 13. G i l l s o n a d d e d t h a t t h e l e a d e a s i l y b e c o m e s s u p e r s a t u r a t e d w i t h r e s p e c t t o l e a d 
t e l l u r i d e , w h i c h s e p a r a t e s o u t a t t h e h i g h e r f .p . , a n d t h e l o w e r f . p . t h e n c o r r e s p o n d s 
w i t h t h e s o l i d i f i c a t i o n of t h e l e a d . W h e n s t i l l m o r e t e l l u r i u m i s p r e s e n t , l e a d 
t e l l u r i d e a g a i n s e p a r a t e s a t t h e h i g h e r t e m p . , b u t t h e l o w e r f . p . c o r r e s p o n d s w i t h t h e 
c o m p l e t e s o l i d i f i c a t i o n of t h e a l l o y , w h i c h i s a n e u t e c t i c of l e a d t e l l u r i d e a n d t e l l u r i u m . 
A c c o r d i n g t o M . K i m u r a , t h e f . p . c u r v e i s of t h e s i m p l e t y p e , F i g . 2 4 , w i t h o n l y o n e 
c o m p o u n d , P b T e , m e l t i n g a t 9 0 4 ° ; t h e r e i s a e u t e c t i c a t 4 1 2 ° w i t h 2 4 p e r c e n t , of 
l e a d ; t h e o t h e r e u t e c t i c i s p r a c t i c a l l y c o i n c i d e n t w i t h p u r e l e a d . A . M a z z u c c h e l l i 
a n d A . V e r c i l l o d i d n o t o b t a i n a d e f i n i t e l e a d t e l l u r i d e b y t h e a c t i o n of l e a d o n 
t e l l u r i u m t e t r a c h l o r i d e . E . K o r d e s s t u d i e d t h e e u t e c t i c s . 

T h e c o l o u r of a l t a i t e i s t i n - w h i t e , w i t h a y e l l o w i s h t i n g e t a r n i s h i n g t o b r o n z e -
y e l l o w . T h e c l e a v a g e i s c u b i c . A c c o r d i n g t o N . A . P u s c h i n , t h e t e l l u r i u m - l e a d 
a l l o y s a r e g r e y a n d c r y s t a l l i n e , w i t h a f i n e - g r a i n e d f r a c t u r e . H . F a y a n d C B . Gi l l -
s o n s a i d t h a t t h e m i c r o s t r u c t u r e s h o w s a e u t e c t i c i n t e r s p e r s e d w i t h c r y s t a l s of l e a d 
or t e l l u r i u m a c c o r d i n g t o w h i c h i s p r e s e n t i n e x c e s s ; a n d M . K i m u r a f o u n d t h e 
m i c r o s t r u c t u r e t o b e i n a c c o r d w i t h t h e t h e r m a l d i a g r a m . C H . G r e e n s t u d i e d t h e 
P b - T e e u t e c t i c s . W . M. D a v y a n d C M . F a r n h a m e x a m i n e d p o l i s h e d a n d e t c h e d 
s u r f a c e s of a l t a i t e . L*. S . R a m s d e l l f o u n d t h a t t h e X - r a d i o g r a m s h o w e d t h a t t h e 
f a c e - c e n t r e d s p a c e - l a t t i c e i s l i k e t h a t o f g a l e n a ; w i t h a^=6*34 A . L . P a u l i n g d i s ­
c u s s e d t h e l a t t i c e - s t r u c t u r e . G. H o s e g a v e 8 -16 for t h e s p . gr . of a l t a i t e ; F . A . G e n t h , 
8 0 6 0 ; G. C H o f f m a n n , 8 0 8 1 ; a n d E . S . S i m p s o n , 8 - 2 2 3 . F . H e n g l e i n g a v e 40*7 
for t h e m o L v o l . H . F a y a n d C B . G i l l s o n f o u n d t h a t a l l o y s w i t h o v e r 5 0 p e r c e n t , 
of t e l l u r i u m a r e v e r y b r i t t l e ; a n d t h a t t h e i r h a r d n e s s i n c r e a s e s a s t h e p r o p o r t i o n 
of t e l l u r i u m i n c r e a s e s . A c c o r d i n g t o P . S a l d a u , t h e c u r v e of h a r d n e s s for t h e 
s y s t e m P b - T e s h o w s for t h e c o m p o u n d P b T e ( a l t a i t e ) a h a r d n e s s of 31*85 k g . per 
s q . m m . c o n s i d e r a b l y i n e x c e s s of t h a t of e i t h e r of t h e c o m p o n e n t s ( P b 3*92, T e 
18*43 k g . p e r s q . m m . ) . T h e m a x i m u m d e g r e e of h a r d n e s s (33*58 k g . p e r s q . m m . ) 
c o r r e s p o n d s w i t h a c o n t e n t of T e 49*8 a t . p e r c e n t . I n t h e s y s t e m P b T e - P b , l e a d 
t e l l u r i d e e n t e r s i n t o s o l i d s o l n . o n l y t o a l i m i t e d 
e x t e n t , w h i l s t i n t h e s y s t e m P b T e - T e i t fa i l s t o 
d o s o . T h e m . p . g i v e n b y H . P e l a b o n i s 8 6 0 ° ; 
a n d b y M. K i m u r a , 9 0 4 ° . J . M a r g o t t e t o b s e r v e d 
t h a t v o l a t i l i z a t i o n o c c u r s a t a b r i g h t r e d - h e a t , 
a n d c u b i c c r y s t a l s d e p o s i t i n t h e c o l d p a r t of 
t h e t u b e . J . J o I y o b s e r v e d t h a t a s u b l i m a t e of 
t e l l u r i u m d i o x i d e o c c u r s w i t h a l t a i t e a t 7 1 0 ° t o 
8 5 0 ° . C F a b r e g a v e 11*429 CaIs . for t h e h e a t 
f o r m a t i o n . E . T . W h e r r y f o u n d a l t a i t e t o b e 
a p o o r r a d i o - d e t e c t o r ; R . G. H a r v e y s t u d i e d 
t h e e l e c t r i c a l r e s i s t a n c e ; a n d T . W . C a s e o b ­
s e r v e d t h a t l i g h t h a s n o m e a s u r a b l e e f f ec t o n 
t h e e l e c t r i c a l r e s i s t a n c e of a l t a i t e . W . H a k e n 
f o u n d t h a t t h e t h e r m a l e .m.f . of t h e l e a d -
t e l l u r i u m a l l o y s i s a m i n i m u m , — 7 0 m i c r o v o l t s , 
w i t h t h e m o n o t e l l u r i d e . N . A . P u s c h i n m e a ­
s u r e d t h e p o t e n t i a l d i f f e r e n c e w i t h t h e ce l l P b | i V - P b ( N 0 3 ) 2 | P b T e n , a n d 
a m a r k e d b r e a k c o r r e s p o n d i n g w i t h t h e m o n o t e l l u r i d e ; t h u s , 

A t . per cent . T e . 15 3 3 46 5O 66 100 
P . D . in mi l l ivo l t s . O 5O 176 482 485 585 

H . E n c l o , a n d K . H o n d a a n d T . S o n e m e a s u r e d t h e m a g n e t i c s u s c e p t i b i l i t y of t h e 
s o l i d a n d l i q u i d a l l o y s , a n d t h e i r r e s u l t s a r e s u m m a r i z e d i n F i g . 2 8 . H . E n d o a l s o 
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s tud ied t h e magne t i c p roper t i e s of t h e al loys. H . F a y a n d C. B . Gillson found t h a t 
chlor ine pasBed over t h e hea t ed alloy forms t e l l u r i um t e t r ach lo r ide w h i c h c a n be 
dis t i l led off ; a n d C. F a b r e said t h a t t h e h e a t of soln. in b r o m i n e or b r o m i n e w a t e r is 
104-76 CaIs. K . B . Rogers found t h a t a l t a i t e is decomposed w h e n i t is h e a t e d in 
t h e v a p o u r of ca rbon te t rach lor ide . 

C. A. Tibbals found t h a t when a soln. of s o d i u m po ly te l lu r ide is a d d e d t o a soln. 
of lead ace t a t e in acet ic acid, a h e a v y b lack p r e c i p i t a t e of h y d r a t e d l ead 
hemitritelluride, P b 2 T e 3 . 4 H 2 0 , is formed. T h e tetrahydrate is oxidized b y n i t r i c 
ac id ; b u t is n o t a t t a c k e d b y su lphur ic a n d hydroch lo r ic ac ids ; i t loses w a t e r 
w h e n hea ted in a cu r ren t of hydrogen , fuses, a n d a s t h e h e a t is increased , 
t e l lu r ium volati l izes leaving t h e monote l lu r ide a s a res idue . G. T a m m a n n s tud i ed 
t h e chemical ac t iv i ty of t he lead- te l lur ium al loys . 

According to R. Metzner , 1 7 d r ied l iquid a m m o n i a , a t —15°, a c t s on t e l l u r ium 
te t rach lor ide , so as t o form a yel low s u b s t a n c e a c c o m p a n i e d b y a n expans ion . 
This p r o d u c t is a m i x t u r e of whi te a m m o n i u m chlor ide a n d a yel low s u b s t a n c e . 
T h e solid is washed b y decan ta t ion , a n d t h e n w i t h w a t e r t o ge t r id of t h e l a s t t r a ce s 
of a m m o n i u m chloride ; i t is t h e n washed wi th dil . ace t ic acid, a n d finally w i th 
wa te r . W h e n dried in vacuo a n d ana lyzed , t h e compos i t ion of t h e lemon-yel low, 
a m o r p h o u s mass agrees wi th n i trogen monotelluride* N T e . I t exp lodes w h e n 
h e a t e d to 200°, producing te l lu r ium as a b l a c k d u s t . I t is n o t a t t a c k e d b y w a t e r 
or dil. acet ic acid ; i t is insoluble in l iquid a m m o n i a ; a n d w i t h po ta sh - lye , all t h e 
n i t rogen is evolved as a m m o n i a . T h e c o m p o u n d was also o b t a i n e d b y M. D a m i e n s . 
W . St recker a n d W. E b e r t said t h a t if a m m o n i a ac t s on t e l l u r i um t e t r a c h l o r i d e o r 
t e t r a b r o m i d e a t —80°, t h e p r i m a r y ac t ion resu l t s in t h e fo rma t ion of a h e x a m m i n e , 
a n d th i s is followed b y t h e g r adua l r ep l acemen t of t h e ha logen a t o m s b y t h e a m i d o -
g r o u p ; t h e n b y loss of a m m o n i a in to imide a n d u l t i m a t e l y n i t r i de . T h e a m m o n o -
lysis proceeds in accord wi th 3TeBr 4 + 4 N H 3 - T e 3 B r 9 N + 3 N H 4 B r ; 3 T e B r 4 + 8 N H 3 
= T e 3 B r 6 N 2 + 6 N H 4 B r ; and T e B r 4 + 4 N H 3 = T e B r N + 3 N H 4 B r . I t is s u p p o s e d ' t h a t 
t h e T e N - c o m p o u n d is real ly a n i m p u r e t e l lu r ium b r o m o n i t r i d e , a n d t h a t t h e p r o d u c t 
is te l lurium tritatetranitride, Te 3 N 4 . T h e u l t i m a t e r eac t ion is p r o b a b l y in accord 
wi th 3 T e B r 4 4 - 1 6 N H 3 = T e 3 N 4 + 1 2 N H 4 B r . A. O p p e n h e i m " obse rved t h a t a 
tellurium p?iosp/n'de, or phosphorus te l lur ide, is p roduced b y w a r m i n g p o w d e r e d 
t e l l u r ium a n d phosphorus in a glass t u b e ; b u t t h e p r o d u c t h a s n o t been in­
ves t iga ted . 

A. O p p e n h e i m 1 9 p repa red arsenic telluride, As 2 Te 3 , as well a s AsTe, in t h e fo rm 
of whi te , b r i t t l e alloys, b y mel t ing t oge the r t h e c o n s t i t u e n t e l e m e n t s in t h e s e 

p ropo r t i ons ; a n d s imi lar ly K. C. Sza rvasy a n d 
C. Messinger, a n alloy of t h e compos i t ion A s 8 T e 3 . 
I t dissociates w h e n vapor ized . I t is insoluble in 
o rd ina ry organic a n d inorganic so lvents ; i t is n o t 
a t t a c k e d b y hydrochlor ic or su lphur ic acid ; b u t 
fuming n i t r ic acid oxidizes i t t o a rsen ic a n d 
te l lu rous acids . The re is n o t h i n g he re t o show 
which of these p r o d u c t s is a chemical i nd iv idua l , 
since b y t h e same m e t h o d , if t w o e l emen t s form 
a homogeneous series of al loys, a n indefini tely 
large n u m b e r of each c o m p o u n d s could b e m a d e . 
H . P e l a b o n found t h a t t h e f .p. cu rve , F ig . 29, 
h a d a m a x i m u m a t 362° cor responding w i t h 
As 2 Te 3 . This c o m p o u n d forms a mass of long, 

s i lver -whi te needles w i th a pa le yel low t i n t . Accord ing t o C. A. T ibba l s , s o d i u m 
te l lu r ide p r ec ip i t a t e s from aq . soln. of arsenic t r iox ide a b r o w n arsenic te l lur ide 
c o n t a m i n a t e d w i t h t e l lu r ium. Arsenic te l lur ide w a s a l lowed t o s t a n d for severa l 
h r s . i n c o n t a c t w i t h a cone . soln. of sod ium poly te l lur ide . T h e soln., af ter f i l t rat ion, 
w a s d a r k b r o w n i n colour a n d i t c o n t a i n e d b o t h a rsen ic a n d t e l lu r ium. Th i s 
w o u l d seem t o i nd i ca t e t h e ex is tence of t e l l u ro -compounds ana logous t o t h e 
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7OO 

su lpho-sa l t s . Th i s sa l t w a s also p r e p a r e d b y A. B r u k l b y t h e ac t ion of a feebly 
acid soln. of a r sen ic t r i ch lo r ide . 

B y fusing a m i x t u r e of t h e c o n s t i t u e n t e l emen t s in t h e cor rec t p ropo r t i ons , 
A. O p p e n h e i m o b t a i n e d a n t i m o n y tel luride, S b 2 T e 3 , a s well a s S b T e ; b u t as in 
t h e case of arsenic , t h e r e is n o t h i n g t o show t h a t 
chemica l i nd iv idua l s were in ques t i on . H . P e l a b o n 
found a m a x i m u m on t h e f.p. c u r v e co r respond­
ing w i t h S b 2 T e 3 , a n d eu tec t i c s c o r r e s p o n d i n g w i t h 
5Sb : 2Te, a n d Sb : 10Te. H . F a y a n d H . E . Ash ley 
also o b s e r v e d a m a x i m u m a t 629° c o r r e s p o n d i n g 
w i t h S b 2 T e 3 , a n d a eu t ec t i c a t 421° co r re spond­
ing w i t h 87 p e r c e n t . T e . T h e o b s e r v a t i o n s of 
Y . K i m a t a a r e s u m m a r i z e d in F i g . 3O. T h e 
m a x i m u m a t 620° co r r e sponds w i t h S b 2 T e 3 ; a n d 
t h e r e a r e eu t ec t i c s a t 540° w i t h 28 p e r cen t . T e , 
a n d a t 420° w i t h 89 p e r cen t . T e . The re is n o 
ind ica t ion of t h e f o r m a t i o n of solid soln. ; b u t t h e 
f la tness of t h e cu rve n e a r t h e eu t ec t i c o n t h e 
b i s m u t h side led H . F a y a n d H . E . Ash ley t o 
a s s u m e t h a t solid soln. were fo rmed . N . S. Kons tan t ino f f a n d V. I . Smirnoff 
o b t a i n e d a m a x i m u m a t 622°, co r r e spond ing wi th S b 2 T e 3 , one eu tec t i c a t 540° a n d 
30 pe r cen t . Te , a n d t h e o t h e r a t 424° a n d 89 pe r cen t . T e . T h e y obse rved n o sign 
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F i a . 32 . T h e r m o e l e c t r i c P o w e r 
of t h e S b - T e A l lovs . 

of t h e fo rma t ion of solid soln. n e a r t h e a n t i m o n y end , a n d on ly a smal l region n e a r 
t h e a n t i m o n y t e l lu r ide . Poss ib ly H . F a y a n d H . E . Ash ley were misled b y under ­
cooling p h e n o m e n a . Th i s sa l t w a s also p r e p a r e d b y A. B r u k l b y t h e ac t ion of 
h y d r o g e n te l lu r ide on a feebly acidic soln. of 
a n t i m o n y t r i ch lo r ide . M. Dreifuss m a d e some 
obse rva t ions on t h e p r o p e r t i e s of t he se a l loys . 
T h e m e a s u r e m e n t s of W . H a k e n on t h e e lect r ica l 
c o n d u c t i v i t y of t h e a n t i m o n y t e l l u r i u m al loys 
a re s u m m a r i z e d in F i g . 3 1 , a n d of t h e t h e r m o ­
electr ic p o w e r i n F i g . 32 . M. P a d o a obse rved 
a m a x i m u m i n t h e c o n d u c t i v i t y co r r e spond ing 
wi th S b 2 T e 3 . E . Becque re l m a d e o b s e r v a t i o n s 
on t h i s sub jec t . T h e a d d i t i o n of a n t i m o n y t o 
t e l l u r i um causes a r a p i d dec rease in t h e electr ical 
c o n d u c t i v i t y a n d i n t h e t h e r m o e l e c t r i c p o w e r ; 
b o t h q u a n t i t i e s pa s s t h r o u g h a m i n i m u m , a n d 
t h e n r ise r a p i d l y t o a m a x i m u m co r re spond ing 
wi th S b 2 T e 3 . T h e courses of t h e s e c u r v e s b e t w e e n 0 a n d 60 pe r cen t . Te are 
typ ica l of a l loys of t w o c rys ta l l ine p h a s e s fo rming solid soln. T h e m a g n e t i c 
suscept ib i l i ty b y H . E n d o , a n d K . H o n d a a n d T . Sone is shown in F ig . 30. 
Be tween 100 a n d 62 pe r cen t . Te , t h e c u r v e is nea r ly a s t r a i g h t l ine, a n d t he r e 
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is t h e n a s u d d e n change in t h e d i rec t ion of t h e c u r v e . C. H . G r e e n s t u d i e d t h e 
S b - T e eu tec t i c . # 

I . E q u e s a B o r n 2 0 descr ibed a mine ra l f rom D e u t s c h - P i l s e n , H u n g a r y , w h i c h lie 
r e g a r d e d a s a c o m p o u n d of si lver a n d m o l y b d e n u m , a n d A. G. W e r n e r ca l led i t 
Molybdansilber. M. H . K l a p r o t h , before h i s d i scove ry of t e l l u r i u m , sa id t h a t i t 
c o n t a i n e d only su lphu r a n d b i s m u t h . H . R o s e s h o w e d t h a t i t c o n t a i n s t e l l u r i u m , 
b i s m u t h a n d silver, w i t h t r a c e s of s e l en ium a n d a n t i m o n y . J . J . Berze l ius a l so 
showed t h a t t h e minera l con ta in s t e l l u r i u m a n d a l i t t l e s e l en ium. A s imi lar m i n e r a l 
w a s found a t R i d d a r h y t t a n , Sweden , a n d J . E s m a r k o b t a i n e d o n e f rom T e l e m a r k , 
N o r w a y . A chemical ly different m i n e r a l w a s f o u n d b y A. W e h r l e a t S c h u b k a u , 
Schemni tz , a n d i t w a s called t e tradymite—from Tcrpc£Su/Ltos', fourfold, i n a l lus ion 
t o t h e t w i n n e d c r y s t a l s — J . J . N . H u o t ca l led t h e m i n e r a l f rom D e u t s c h - P i l s e n , 
H u n g a r y , wehrlite ; b u t since t h i s t e r m h a d p r e v i o u s l y b e e n a p p l i e d t o a v a r i e t y 
of i l v a i t e — 6 . 40, 52—G. A. K e n n g o t t p r o p o s e d t h e t e r m pilsentte. J . J . Berze l ius 
r ega rded t e t r a d y m i t e as a c o m p o u n d B i 2 S 3 ^ B i 2 T e 3 ( t h a t i s B i 2 S T e 2 ) . G. R o s e 
r e g a r d e d i t a s a n i somorphous m i x t u r e of t r i g o n a l t e l l u r i d e a n d s u l p h i d e ; a n d 
C. F . R a m m e l s b e r g g rouped t h e n a t u r a l b i s m u t h t e l lu r ides , (i) t h o s e c o n t a i n i n g 
selenide ; (ii) t hose con t a in ing sulphide—e,.g. t e t r a d y m i t e ; a n d (iii) t h o s e con ­
t a i n i n g b o t h su lphide a n d selenide—e.g. t h e m i n e r a l f rom S a n J o s e , Braz i l , t o w h i c h 
A. D a m o u r app l i ed t h e t e r m joseite. J . F . L . H a u s m a n n h a d p r e v i o u s l y a p p l i e d t h e 
t e r m bornite t o a Braz i l i an spec imen, a n d F . S. B e u d a n t bornine t o t h e s p e c i m e n f rom 
Pi l sen . T h e i somorph i sm of t h e b i s m u t h su lph ides , se lenides , a n d t e l lu r ides w a s 
d i scussed b y G. A. K e n n g o t t , C. F . R a m m e l s b e r g , J . E . S t e a d , P . G r o t h , G. R o s e , 
F . A. G e n t h , a n d J . D . D a n a . Owing t o t h e v a r i a b l e p r o p o r t i o n s of t h e c o n t a i n e d 
t e l lu r ium, se lenium, a n d su lphur , t e t r a d y m i t e h a s b e e n r e p r e s e n t e d b y t h e f o r m u l a 
Bi 2 (S ,Se ,Te) 3 . A. G. W e r n e r called a v a r i e t y of t e t r a d y m i t e , Molybdansilber, 
a n d I . E q u e s a Born , argent molybdique. W . M u t h m a n n a n d E . C. S c h r o d e r apj^lied 
t h e t e r m griinlingite—after F . Gr i in l ing—to a spec imen f rom C a r r o c k Fe l l s , C u m b e r ­
l a n d ; a n d S. P . de Rub ie s , oruetite t o a spec imen f rom Se r r an i a d e R o n d a , S p a i n . 

T h e occurrences in H u n g a r y were described b y A . Wehrle , W . Haidinger , V. R.. v o n 
Zepharovich, W . Muthmann a n d E . C. Schroder, L . Sipocz, A . Frenzel , J . C. Dol l , 
K . F . !Peters, K. Posepny, and P . Partsch ; in B o h e m i a , b y F. S lavik ; in Silesia, b y 
M. W e b s k y ; in England, b y R,. P . Greg a n d W . O. L e t t s o m , C E . R a m m e l s b e r g , a n d 
W . M u t h m a n n and E . C Schroder ; in Russ ia , b y K . N e n a d k e v i e ; in N o r w a y , b y A. Erd-
m a n n ; in Sweden, b y A. Erdmann, a n d J. JT. Berzel ius ; in Canada, b y R . A. A. J o h n s t o n ; 
in Virginia,, b y JtJ. J. Burkart , C. T. Jackson , C. Fisher, a n d J. IX D a n a ; in N o r t h Carolina, 
b y E . A. Genth ; in South Carolina, b y J . D . D a n a ; in Georgia, b y H . Credner, E . A. Genth , 
J . D . D a n a , C. T. Jackson, XJ. Shepard, a n d D . M. B a l c h ; in I d a h o , b y E . V. Shannon ; in 
Montana , Colorado, Georgia, a n d Arizona, b y F . A . Genth , W . E . Hi l lebrand, a n d J . D . D a n a ; 
in Brazi l , b y J . E. L. H a u s m a n n , F . v o n Kobel l , A. D a m o u r , P . A. Dufrenoy , and 
F . A . Genth ; in Bol iv ia , b y D . Forbes , a n d F . A. Genth ; a n d in N e w South Wales , b y 
G. W . Card, a n d J . C. H . Mingaye . 

T h e ana lyse s m a y b e r o u g h l y a r r a n g e d in t h r e e g r o u p s : (i) t h o s e a p p r o x i m a t i n g 
t o b i s m u t h sulphodite l luride, B i 2 T e 2 S , h a v i n g 51 t o 61 pe r c e n t . B i ; 33 t o 37 p e r 
c e n t . T e ; 3-6 t o 5-1 p e r cen t . S, a n d u p t o a b o u t 2 p e r cen t , of Se5 we re a n a l y z e d 
b y A. W e h r l e , J . J . Berze l ius , J . H a u s c h a u e r , J . L o c z k a , W . M u t h m a n n a n d 
E . C . S c h r o d e r , B . L i g h t f o o t , A. F renze l , M. N . S h o r t a n d E . P . H e n d e r s o n , K . N e n a d ­
kev ie , S. K o c h , C. T . J a c k s o n , F . A. G e n t h , R . A. A . J o h n s t o n , J . C. H . Mingaye , 
a n d E . V. S h a n n o n — t h e s e inc lude t e t r a d y m i t e , a n d jose i t e ; (ii) t h o s e occur r ing in 
D e u t s c h - P i l s e n , a n d i n N o r t h A m e r i c a ; a n d (iii) t h o s e b i s m u t h t e l lu r ides w h i c h 
h a v e 78 t o 86 p e r c e n t . B i ; 6 t o 16 p e r c e n t . Te ; 3 t o 9 p e r c e n t . S ; a n d u p t o 
a b o u t 1-5 p e r cen t . Se—e.g. jose i te , ( Bi 2Te3__6S6), a n a l y z e d b y A. D a m o u r , F . A. G e n t h , 
a n d J . C. H . Mingaye , gr i in l ingi te , (Bi 4 TeS 3 ) , a n a l y z e d b y C. F . R a m m e l s b e r g , a n d 
W . M u t h m a n n a n d E . C. Schroder , a n d o rue t i t e , (Bi 2 TeS 4 ) , a n a l y z e d b y S. P . d e 
R u b i e s . T h o s e which h a v e on ly a smal l p r o p o r t i o n of s u l p h u r a p p r o x i m a t e t o 
b i s m u t h tel luride, B i 2 Te 8 , h a v i n g 50 t o 59 p e r cen t . B i ; 46 t o 49 p e r c e n t . T e ; 
a n d u p t o a b o u t C-5 p e r cen t , each of Se a n d S—ana lyzed b y F . A, G e n t h , D . M, Ba l ch , 
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W . F . H i l l eb rand , L . Sipocz, a n d A. W e h r l e , inc lude wehr l i te , p i lseni te , a n d 
tellurbismuth. 

J . J . Berze l ius o b s e r v e d t l i a t w h e n fused, te l lur ium, a n d b i s m u t h a r e miscible in 
all p r o p o r t i o n s . A. Gu tb i e r , a n d K . M o n k e m e y e r fo rmed al l t h e a l loys b y fusing a 
m i x t u r e of t h e t w o e l e m e n t s in a n a t m . of h y d r o g e n . 
K . M o n k e m e y e r f o u n d t h a t t h e f .p . c u r v e , F i g . 34, 
shows t h e ex i s t ence of on ly one c o m p o u n d , B i 2 T e 3 , 
wh ich a p p e a r s a s a m a x i m u m a t 573° ; t h e r e is a 
eu tec t i c a t 261° w i t h 99-08 p e r c e n t . B i , a n d one a t 
388°, w i t h 13-91 per c e n t . B i . E . K o r d e s , a n d 
C H . Green s t u d i e d t h e B i - T e eu tec t i c . Acco rd ing 
t o F . K o r b e r a n d V. H a s c h i m o t o , t h e r m a l a n d 
X - r a y ana lys i s show t h a t n o c o m p o u n d o t h e r t h a n 
B i 2 T e 3 is fo rmed in t h e b i n a r y s y s t e m B i - T e ; 
t h o u g h t h e r e is ev idence of t h e so lubi l i ty of t e l l u r i u m 
in t h i s c o m p o u n d . C. A . T ibba l s , a n d A. B r u k l 
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3 4 . F r e e z i n g - p o i n t C u r v e 
of B i - T e A l l o y s . p r e p a r e d a h y d r a t e d b i s m u t h t e l lu r ide , B i 2 T e 3 , b y 

t r e a t i n g a soln. of b i s m u t h a c e t a t e w i t h s o d i u m te l lur ide . Th i s t e l lu r ide is u n ­
affected b y hydroch lo r i c ac id or su lphu r i c ac id in t h e cold, b u t i t is d e c o m p o s e d by 
b o t h w h e n h e a t e d in t h e p resence of t h e a i r . N i t r i c ac id read i ly oxidizes i t . W h e n 
hea t ed in h y d r o g e n , t h e w a t e r is first expel led , t h e n t h e t e l lu r ide fuses a n d loses 
b o t h t e l l u r i um a n d b i s m u t h . 

I n his s t u d y of t h e t e t r a d y m i t e s , M. A m a d o r i i n v e s t i g a t e d t h e f .p. of t h e b i n a r y 
s y s t e m : B i 2 T e 3 a n d B i 2 S 3 . H e o b s e r v e d n o ev idence of t h e f o r m a t i o n of b i s m u t h 
su lphodi te l lu r ide , 2Bi 2 Te 3 -B i 2 S 3 , a n a l o g o u s t o n a t u r a l t e t r a d y m i t e ; b u t t h e r e is a 
c o m p o u n d , B i 2 S 8 . B i 2 T e 3 — b i s m u t h t l i su lphote l lur ide—which a p p e a r s as a m a x i m u m 
a t 615° on t h e f .p. c u r v e , F i g . 3 5 . I t fo rms w i t h b i s m u t h t e l lu r ide a eu t ec t i c a t 
570° c o n t a i n i n g 3 m o l a r pe r cen t . B i 2 S 3 ; a n d w i t h b i s m u t h su lph ide , a eu tec t i c 
a p p r o x i m a t i n g t o t h e compos i t i on a n d f .p. of t h o s e of B i 2 T e 3 - B i 2 S 3 . N o i somor p hous 
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F i o . 3 5 . — T h e Freez ing-po int Curve of 
the B inary S y s t e m : B i 2 T e 3 - B i 2 S 3 . 

F i a . 36. Freez ing-point Curve in the 
Ternary S y s t e m : B i 2 T e 3 - B i 2 S 3 - B i . 

m i x t u r e s or solid soln . of b i s m u t h s u l p h i d e a n d t e l lu r ide were observed , or be tween 
B i 2 T e 3 . B i 2 S 3 a n d i t s c o m p o n e n t s . M. A m a d o r i a lso s t u d i e d t h e t e r n a r y s y s t e m : 
Bi-S—Te compr i s i ng t h e c o m p o s i t i o n of t h e n a t u r a l su lphote l lu r ides , t h a t is, 
B i - B i 2 T e 3 - B i 2 S 3 ; b u t n o p h e n o m e n a w e r e o b s e r v e d wh ich cou ld b e a t t r i b u t e d t o 
t h e f o r m a t i o n of t e t r a d y m i t e , gr i in l ingi te , or jose i t e . T h e single c o m p o n e n t s 
Bi»Bi2S8 , and B i 2 T e 3 , and t h e c o m p o u n d B i 2 T e 3 . B i 2 S 3 , s e p a r a t e f rom t h e fused 
m i x t u r e s e i t he r i n t h e p u r e s t a t e , o r i n s imple eu t ec t i c m i x t u r e s ; t h e r e is n o forma­
t ion of n e w c o m p o u n d s , and n o misc ib i l i ty r e l a t ionsh ips b e t w e e n t h e s e subs tances . 

Acco rd ing t o A . G-utbier, t h e a l loys w i t h t e l l u r i u m in excess a r e g r e y a n d b r i t t l e 
a n d show a s i lvery l u s t r e w h e n f r ac tu r ed ; a n d w i t h b i s m u t h in excess, t h e al loys 
h a v e a h igh me ta l l i c l u s t r e a n d a r e n o t so b r i t t l e . T e t r a d y m i t e occurs in foliated 
a n d g r a n u l a r masse s of a s t ee l -grey co lour a n d meta l l i c l u s t r e ; i t also occurs in 
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smal l , r a re ly d i s t inc t , t r igona l c rys ta l s w i th t h e ax ia l ra t io^ acco rd ing t o 
W . Ha id inger , a : c = l : 1-5871. T w i n n i n g occurs a b o u t t h e (Ol 12)-plane ; a n d 
t he r e a r e also fcurl ings. T h e a c u t e t r igona l c rys ta l s r esemble h e x a g o n a l p r i s m s ; 
a n d t h e t r igona l faces m a y be hor izon ta l ly s t r i a t ed . T h e b a s a l c leavage is perfect . 
T h e c leavage p la tes a re flexible. W . M. D a v y a n d C. M. F a r n h a m , a n d M. N . S h o r t 
and E . P . H e n d e r s o n s tud ied t h e e t ch ing of pol ished surfaces of t e t r a d y m i t e . T h e 

sp . gr . of t h e t e t r a d y m i t e s r a n g e f rom 7-IO t o 
7*58 ; gr i inl ingi te , 7-32 ; o rue t i t e , 7-64 t o 7-94 ; a n d 
josei te , 7-92 t o 7*94. T h e h a r d n e s s is n e a r l y 2. 
K . M o n k e m e y e r gave 573° for t h e m . p . of t h e 
artificial t e l lu r ide ; a n d L . H . Borgs t r t im, 593°—602° 
for t h e m . p . of n a t u r a l t e t r a d y m i t e . E . J a n n e t t a z 
s t ud i ed t h e t h e r m a l c o n d u c t i v i t y . J . J o I y found 
t h a t when t h e mine ra l is h e a t e d , a s u b l i m a t e of 
t e l l u r i um m o n o x i d e occurs b e t w e e n 460° a n d 480° ; 
a n d of t h e d iox ide a t 750°. A. d e G r a m o n t e x a m i n e d 

Coblentz found t h a t b i s m u t h te l lu r ide is n o t p h o t o -
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F i a . 37. Electrical Condiie-
tivity of the Bf -Te Alloys . 

t h e spa rk s p e c t r u m . W . W 
chemical ly sensi t ive. F . Bei jer inck, a n d R. Gr. H a r v e y obse rved t h a t t h e mine ra l is 
a n electrical c o n d u c t o r ; a n d W . H a k e n ' s m e a s u r e m e n t s of t h e e lect r ica l c o n d u c ­
t i v i t y of B i - T e al loys a re s u m m a r i z e d in F ig . 37 . T h e effect of t h e f o r m a t i o n of 
t h e tel lur ide is c lear ly shown. A. Schrauf a n d E . S. D a n a found t h a t t e t r a d y m i t e 
in c o n t a c t wi th copper is the rmoe lec t r i ca l ly pos i t ive ; b u t gr i in l ingi te , a n d b i s m u t h 
t e l lu r ium from Georgia is nega t ive . W . H a k e n ' s o b s e r v a t i o n s on t h e t he rmoe lec t r i c 
power of alloys of b i s m u t h a n d t e l l u r ium are s u m m a r i z e d in F ig . 38 . E . Becquere i 
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FiQ. 38.—Thermoelectric 
Power of B i - T e Al loys . 

F I G . 3 9 . — H a l l s Constant 
w i th B i - T e Al loys . 
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F i « . 4O.—Magnetic Suscep 
t ibi l i ty of B i - T e Al loys . 

m a d e obse rva t ions on t h i s sub jec t . T h e presence of t h e te l lu r ide is c lear ly m a r k e d . 
E . T . W h e r r y said t h a t t e t r a d y m i t e is a poor r ad io -de tec to r . Gr. C T r a b a c c h F s 
obse rva t ions , F ig . 39 , a n d H . F n d o ' s , a n d K . H o n d a a n d T . Sone ' s obse rva t ions , 
F i g . 40, on t h e d i a m a g n e t i c suscept ib i l i ty , also show s h a r p s ingular i t ies cor respond­
ing w i t h t h e te l lu r ide . C. E . Mendenha l l a n d W . F . L e n t also m a d e some obser­
v a t i o n s o n t h i s sub jec t . 

A . d e Cast i l lo 2 1 r e p o r t e d a pa le s tee l -grey or l ead-grey m i n e r a l occur r ing in 
g r a n u l a r masses n e a r t h e Sier ra de T a p a l p a , Mexico ; a n d i t w a s cal led tapalpite. 
A n a l y s e s were g iven b y C. F . R a m m e l s b e r g , a n d F . A. G e n t h ; t h e y a re n o t v e r y 
c o n c o r d a n t ; b u t t h e resu l t s agree bes t w i t h t h e a s s u m p t i o n t h a t t h e m i n e r a l is a 
Silver SUlphoteUurobismuthite , Ag 3 Bi(S ,Te) 3 . T h e e t c h i n g of t h e po l i shed m i n e r a l 
w a s s t u d i e d b y W . M. D a v y a n d C. M. F a r n h a m . T h e m i n e r a l h a s a sp . gr . 7-803 ; 
C F . de L a n d e r o g a v e 7-395. R . G. H a r v e y m e a s u r e d t h e e lec t r ica l r es i s t ance . 
JE. C u m e n g e descr ibed a fibrous m i n e r a l f rom t h e Sier ra B l a n c a , Colorado, a n d i t 
-was n a m e d vondies t i te—afte r M. v o n Dies t . T h e ana lys i s co r re sponds w i t h s i lver 
go ld teUurobismuthite, (Ag 5 Au) 5 BiTe 4 , of t h e s a m e t y p e a s s t e p h a n i t e , A g 5 S b S 4 . 

I . O f t e d a l 2 2 f o u n d t h a t t h e X - r a d i o g r a m of c h r o m i u m tel luride, CrTe ,cor responds 
w i t h a l a t t i c e of t h e N i A s - t y p e w i t h a = 2 - 9 8 1 A . , c=^6-211A., a n d a : c = l : 1-560. 
A c c o r d i n g to C. A. T ibba l s , w h e n s o d i u m te l lu r ide r eac t s w i th a m m o n i u m m o l y b -
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d a t e or s o d i u m t u n g s t a t e , d a r k , s t r o n g l y co loured soln . a r e fo rmed wh ich a re q u i t e 
s t ab l e i n t h e a i r . W i t h t h e s e soln . h y d r o c h l o r i c ac id y ie lds b l ack flocculent 
p r e c i p i t a t e s w h i c h c o n t a i n t e l l u r i u m a n d e i the r m o l y b d e n u m or t u n g s t e n , a s t he 
case m a y be . T h i s is t a k e n t o m e a n t h a t a t e l luromolybdate , o r a t e l lurotungstate 
is fo rmed . C. H . W e b e r r e c o m m e n d e d a t r a c e of t e l l u r i u m in t u n g s t e n i n c a n d e s c e n t 
f i laments t o m a k e t h e m s t r o n g e r a n d m o r e flexible. V. M. G o l d s c h m i d t discussed 
t h e s t r u c t u r e of t h e c r y s t a l s of m o l y b d e n u m di te l lur ide , M o T e 2 , a n d of 
tungsten ditelluride, WTe2. 

C. A. T i b b a l s sa id t h a t m a n g a n e s e te l lur ide is fo rmed w h e n s o d i u m te l lu r ide 
a c t s on m a n g a n e s e a c e t a t e i n t h e p resence of ace t ic ac id . T h e l i g h t b r o w n p r e c i p i t a t e 
which is first f o rmed r a p i d l y c h a n g e s t o a d a r k g reen . If t h e ace t i c ac id be in excess 
or if t h e soln . be h o t , t h e t e l l u r ide is d e c o m p o s e d w i t h t h e f o r m a t i o n of h y d r o g e n 
te l lu r ide wh ich itself d e c o m p o s e s a n d depos i t s t e l l u r i u m u p o n t h e walls of t h e 
vessel a b o v e t h e soln . T h e d a r k g reen p r e c i p i t a t e is i m m e d i a t e l y b l a c k e n e d b y 
exposu re t o a i r , a n d di l . ac ids d e c o m p o s e i t v e r y r ead i l y w i t h l i be r a t i on of h y d r o g e n 
t e l lu r ide . A . B r u k l a l so p r e p a r e d t h i s c o m p o u n d . I . Of teda l p r e p a r e d m a n g a n e s e 
monote l lur ide , M n T e , a n d o b t a i n e d c r y s t a l s w i t h a n X - r a d i o g r a m co r r e spond ing 
w i t h t h e N iAs - l a t t i c e h a v i n g a = 4 - 1 2 4 A., c = 6 * 9 8 A.,, a n d a : c = l - 6 2 4 ; m a n g a n e s e 
ditel luride, M n T e 2 , w a s a lso o b t a i n e d w i t h c r y s t a l s h a v i n g a l a t t i c e of t h e p y r i t e s 
t y p e w i t h a=6-943 A. V. M. G o l d s c h m i d t d i scussed t h e s t r u c t u r e of t h e 
c rys t a l s . 

J . J . Berze l ius p r e p a r e d ferrous te l luride, p r e s u m a b l y F e T e , b y r e d u c i n g fe r rous 
te l lu r i te wi th h y d r o g e n ; a n d J . M a r g o t t e t , a n d C. F a b r e p r e p a r e d fe r rous 
t e l lu r ide b y t h e d i r ec t u n i o n of t h e e l e m e n t s in a n a t m . of a n i n e r t g a s . L . Moser 
a n d K . E r t l m a d e fe r rous t e l lu r ide , as a g rey , me ta l l i c m a s s , b y pas s ing t h e v a p o u r 
of t e l l u r i u m , u n d e r r e d u c e d press . , ove r f ine ly-d iv ided i ron . I t is s t a b l e in a i r . 
Acco rd ing t o G. T a m m a n n a n d K . S c h a a r w a c h t e r , t h e t w o e l e m e n t s beg in t o r e a c t 
a t 435° . I . Of teda l found t h e c o m p o s i t i o n is n o t e x a c t l y F e T e , a n d t h a t t h e X - r a d i o -
g r a m s c o r r e s p o n d w i t h h e x a g o n a l cells w i t h a = 3 - 8 0 0 A., a n d c=~5*651 A. A . B r u k l 
said t h a t fe r rous t e l lu r ide is v e r y sens i t ive t o l igh t , a n d is decomposed i n t o i t s 
e l emen t s . DiL ac ids furnish h y d r o g e n t e l lu r ide . J . M a r g o t t e t , a n d C. F a b r e 
found t h a t fe r rous t e l lu r ide dissolves i n h y d r o c h l o r i c ac id w i t h t h e evo lu t i on of 
h y d r o g e n t e l l u r ide . C. F a b r e g a v e 15-58 CaIs. for t h e h e a t of f o r m a t i o n of t h e 
c rys ta l l ine t e l lu r ide . W i t h r e s p e c t t o ferric te l luride, C. A . T i b b a l s found t h a t 
w h e n s o d i u m t e l l u r ide a c t s u p o n a soln. of ferric ch lo r ide acidified w i t h ace t i c acid, 
a b lack p r e c i p i t a t e is fo rmed w h i c h is c o m p o s e d e n t i r e l y of t e l l u r i u m . T h e i ron 
is r e d u c e d t o t h e fe r rous c o n d i t i o n a n d t h e soln . c o n t a i n s a la rge a m o u n t of t e l lu r ium 
as t h e t e t r a c h l o r i d e . T h i s is in a cco rd w i t h t h e fac t e s t ab l i shed b y V. L e n h e r t h a t 
t e l l u r ium is so luble in a soln . of ferr ic ch lo r ide f o r m i n g fer rous chlor ide a n d 
t e l l u r i u m t e t r a c h l o r i d e . A. B r u k l a l so o b t a i n e d w i t h ferric s a l t s a n d h y d r o g e n 
te l lur ide a p r e c i p i t a t e of t e l l u r i u m a n d fe r rous t e l lu r ide . 

J . M a r g o t t e t , a n d C. F a b r e p r e p a r e d cobal t tel luride, CoTe , b y t h e d i r ec t u n i o n 
of t h e e l e m e n t s in a n i n e r t a t m . — s a y n i t r o g e n . W . F . de J o n g a n d H . W . V . Wi l l ems 
found t h a t t h e X - r a d i o g r a m of c o b a l t t e l l u r ide agrees w i t h a h e x a g o n a l l a t t i ce 
hav ing a = 3 - 8 9 A., a n d £-=5-36 A. ; a n d s p . gr . 8-85 ; I . Of teda l g a v e a = 3 - 8 8 6 A., 
c—5-360 A., a n d a : c = l : 1-380. J . M a r g o t t e t , a n d C. F a b r e descr ibe coba l t 
te l lur ide a s a g r ey , c ry s t a l l i ne m a s s of a me ta l l i c l u s t r e ; i t is n o t a t t a c k e d b y 
hydroch lo r ic o r s u l p h u r i c a c id ; i t c h a n g e s s lowly in m o i s t a i r ; i t is oxidized b y 
b r o m i n e or b r o m i n e w a t e r f o r m i n g c o b a l t o u s b r o m i d e , h y d r o b r o m i c acid, a n d 
te l lu rous ac id . T h e h e a t of f o r m a t i o n is 15-30 CaIs. C. A . T i b b a l s obse rved t h a t 
when s o d i u m t e l l u r i d e so ln . a c t s u p o n soln . of coba l t a c e t a t e a c i d u l a t e d w i t h ace t ic 
acid, a h e a v y b l a c k p r e c i p i t a t e is f o rmed wh ich u p o n ana ly s i s shows t h e compos i t ion 
of tetrahydrated cobal t hemitr i te l lur ide , Co 2 Te 3 , 4 H 2 O , co r r e spond ing w i t h t h e 
sod ium t e l lu r ide , N a 4 T e 8 . Ac ids o t h e r t h a n n i t r i c h a v e n o a c t i o n u p o n i t in t b e 
cold. W h e n h e a t e d in a n a t m . of h y d r o g e n , C o 2 T e 3 . 4 H 2 0 , loses w a t e r a t a b o u t 
200°, a n d a t a r e d - h e a t , t e l l u r i u m . If t h e h e a t i n g is c o n t i n u e d u n t i l t h e weight of 
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s u b s t a n c e is c o n s t a n t , t h e res idue consis ts of t h e n o r m a l t e l lu r ide , CoTe. A . B r u k l 
also p r e p a r e d t h i s c o m p o u n d . 

J . Margo t t e t , a n d C. F a b r e p r e p a r e d n i cke l m o n o tel luride, N i T e , b y h e a t i n g 
nickel in t h e v a p o u r of t e l l u r ium ; t h e y found i t t o cons i s t of sma l l r e d d i s h c ry s t a l s 
w i th p roper t i e s l ike those of t h e co r re spond ing c o b a l t t e l lu r ide . W . E . de J o n g a n d 
H . W . V. Wi l lems found t h a t t h e X - r a d i o g r a m agrees w i t h a h e x a g o n a l l a t t i c e 
h a v i n g a = 3 * 9 5 A . , a n d c = 5 - 3 6 A. ; a n d sp . gr . 8-55. I . Of tedal g a v e a—3*957 A. , 
c = 5 " 3 5 4 A . , a n d a : c = l : 1-353. C. F a b r e g a v e for t h e h e a t of f o r m a t i o n 
15-10 CaIs. ; and W . A. Ti lden found t h e mo l . h t . t o b e — 

lUO° 20O° 300° 400° 500° 600° 70O° 
MoI. ht . . . 8*38 11-35 12*41 12*92 13*15 13*28 13*35 

According t o C. A. T ibba l s , s o d i u m t e l lu r ide p r e c i p i t a t e s t h e tetrahydrale^ 
Ni 2 Te n .4PI 2 O, from acet ic ac id soln. of n icke l a c e t a t e ; i t i s n o t a c t e d o n b y cold 
hydroch lo r ic or su lphur i c acid , b u t is r e a d i l y ox id i zed b y n i t r i c a c id ; w h e n h e a t e d 
in hyd rogen i t loses w a t e r a n d t e l l u r i u m f o r m i n g t h e m o n o t e l l u r i d e . A . B r u k l 
also p r e p a r e d th i s c o m p o u n d . 

F . A. GentIi 2 3 descr ibed a m i n e r a l f rom Melones Mine , Ca l ave ra s Co. , Cal i fornia , 
a n d i t w a s called meloni te . W . F . H i l l e b r a n d found t h a t i t a lso occurs i n B o u l d e r 
Co., Colorado ; a n d A. DieseldorfT, a t W o r t u r p a , S o u t h A u s t r a l i a . A n a l y s e s , 
r epo r t ed b y F . A . G e n t h , a n d «C. F . R a m m e l s b e r g , ag reed w i t h t h e f o r m u l a for 
nickel hernitritelluride, N i 2 T e 3 ; a n d t h o s e b y W . F . H i l l e b r a n d , a n d A. Dieseldorff, 
wi th nickel ditelluride, N i T e 2 . A. Dieseldorff g a v e 7*270 t o 7*403 for t h e sp . g r . ; 
a n d 1-0 t o 1-5 for t h e ha rdnes s . T h e m i n e r a l is r edd i sh -wh i t e , a n d genera l ly occur s 
in ind i s t inc t g r a n u l a r a n d fol ia ted par t i c les . F . A. O e n t h t h o u g h t t h a t i t is 
h e x a g o n a l w i t h a m a r k e d b a s a l cleavages. W . M. D a v y a n d C. M. F a r n h a m s t u d i e d 
t h e e t ch ing of pol ished surfaces. 

N . W . F i scher 2 4 found t h a t e l e m e n t a r y t e l l u r i u m a c t s a s a r e d u c i n g a g e n t 
t o w a r d s soln. of p l a t i n u m sa l t s ; a n d F . Hossler , t h a t eq . p r o p o r t i o n s of p l a t i n u m 
a n d te l lu r ium u n i t e explos ively a t e l eva t ed t e m p , fo rming p l a t i n u m ditel luride, 
P t T e 2 ; a n d w h e n t h e d i te l lu r ide is fused, p l a t i n u m monote l lur ide , P t T e , c rys ta l l i zes 
o u t . A. B r u k l also o b t a i n e d t h e d i t e l lu r ide b y t h e a c t i o n of s o d i u m t e l lu r ide o n 
p la t inum, t e t r ach lo r ide . Accord ing t o C. A. T ibba l s , a soln . of s o d i u m t e l lu r ide , 
a c t i n g u p o n a soln. c o n t a i n i n g p l a t i n u m t e t r a c h l o r i d e in excess , p r o d u c e s a h e a v y 
b l ack p rec ip i t a t e , which is composed en t i r e ly of p l a t i n u m . T h e t e l l u r i u m is found 
i n t h e soln. T h e r eac t ion m a y be expressed b y t h e e q u a t i o n , 2Na 2 Te-+ 3 P t C l 4 
=-=4NaCl-f-2TeCl4-f-3Pt. L . T h o m a s s e n obse rved t h a t p l a t i n u m d i te l lu r ide h a s 
c rys t a l s of t h e c a d m i u m iodide t y p e w i t h a space- la t t i ce h a v i n g a = 1-01OA., a n d 
c = 5 - 1 1 8 A . V. M. G o l d s c h m i d t d iscussed t h e s t r u c t u r e of t h e c rys t a l s . 
N . W . F i s c h e r found t h a t t e l l u r i um a c t s a s a r educ ing a g e n t t oward p a l l a d i u m 
soln. in a m a n n e r ana logous t o i t s a c t i on u p o n silver, gold a n d p l a t i n u m soln . 
S o d i u m te l lu r ide p r e c i p i t a t e s f rom s o d i u m p a l l a d o u s chlor ide soln. a v e r y finely-
d iv ided b l ack p r ec ip i t a t e of pal ladous tel luride. Th i s s u b s t a n c e is n o t a c t e d u p o n 
by hydroch lo r i c or su lphu r i c ac ids in t h e cold, b u t is oxid ized b y n i t r i c ac id a n d 
very r ead i ly d isso lved b y a q u a reg ia . A. B r u k l sa id t h a t p l a t i n u m d i t e l lu r ide is 
soluble in soln. of s o d i u m a n d a m m o n i u m te l lu r ides , a n d spar ing ly soluble i n soln . of 
a m m o n i u m a n d s o d i u m su lph ides ; i t is s t ab l e t o w a r d s hydroch lo r i c ac id ; n i t r i c 
ac id dissolves al l t h e t e l l u r i u m a n d a p a r t of t h e p l a t i n u m . I t decomposes eas i ly 
i n t o i t s e l emen t s . A. B r u k l o b t a i n e d pa l l ad ium tel luride, P d T e , b y t h e a c t i o n of 
s o d i u m te l lu r ide on a soln . of p a l l a d o u s chlor ide , h y d r o g e n te l lu r ide r educes t h e s a l t 
t o m e t a l . T h e b l a c k t e l lu r ide is n o t a t t a c k e d b y di l . ac ids , b u t n i t r i c ac id ox id izes 
i t r ead i ly . I J . T h o m a s s e n f o u n d t h a t t h e c ry s t a l s of t h e m o n o t e l l u r i d e a r e of t h e 
n i cke l a r s en ide t y p e w i t h a space - l a t t i ce h a v i n g a—4-127 A., a n d c = 5 - 6 6 3 A. H e a lso 
p r e p a r e d pa l lad ium ditelluride* P d T e 2 , i n c ry s t a l s of t h e c a d m i u m iod ide t y p e h a v i n g 
a space - l a t t i ce w i t h a = 4 - 0 2 8 A., a n d c = 5 - 1 1 8 A . T h e c ry s t a l s of r u t h e n i u m 
ditel luride, R u T e 2 , a re of t h e p y r i t e s t y p e h a v i n g a space- la t t i ce w i t h a—6-360 A. , 
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whilst a product of the composition of ruthenium monotelluride, .RuTe, was found 
to be a mixture of the ditelluride and the metal . Similarly, osmium ditelluride, 
OsTe2, which has crystals of the pyrite type, having the lattice parameter 
a=6-369 A. ; and a product with the composition of osmium monotelluride, OsTe, 
is really a mixture of the ditelluride and metal . None of the compounds showed 
any evidence of ferromagnetism. V. M. Groldschmidt discussed the structure of 
these ditejlurides. 
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1915 ; K. H o n d a a n d T. Scvne, Journ. InM. Metals, 37. 29, 1927 ; Science Bep. Univ. Tokyo, 2. 
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maiiii a n d K. Schaarwachter , Zeit. anorg. Chem., 167. 4 0 1 , 1927 ; O. A. Tibbals , Journ. Amer. 
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Wis . , 1909 ; V. Lenher , Journ. Amer. Chem. Soc, 30. 744, 1908 ; V. W. Meloche a n d W. Wood­
stock, ib., 51 . 171, 1929 ; V. M. Goldschmidt , Trans. Faraday Soc, 25. 253, 1929 ; J . J . Bcrzelius, 
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§ 8. Tellurium Monoxide and Dioxide 
J . J . Berzelius *• a t tempted to prepare tellurium monoxide, TeO, by heating 

a mixture of tellurium and tellurium dioxide, and by t he action of dry sodium 
carbonate on tellurium dichloride, bu t without success. E . Divers and M. Shimose 
said t h a t i t is produced when tellurium sulphotrioxide is heated between 180° and 
230° in vacuo : T e S 0 3 = T e O + S 0 2 , and the product washed with a dil. soln. of 
sodium carbonate to separate the unchanged sulphotrioxide. W. Prand t l and 
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P . Bo r in sky , a n d J . J . D o o l a n a n d J . H . P a r t i n g t o n p r e p a r e d t h e m o n o x i d e in a 
s imi lar w a y . A l i t t l e m o n o x i d e -was also found b y E . D i v e r s a n d M. Sh imose t o be 
p r o d u c e d "when t e l l u r i u m su lpho t r i ox ide is d e c o m p o s e d w i t h a sma l l p r o p o r t i o n of 
wa t e r ; a n d b y p o u r i n g a r e d soln. of t e l l u r i u m i n su lphu r i c ac id i n t o a l a rge 
p r o p o r t i o n of w a t e r . T e l l u r i u m m o n o x i d e is desc r ibed a s a b r o w n , p o r o u s , 
friable m a s s , w h i c h is b l a c k t i n g e d w i t h b r o w n , a n d w h e n r u b b e d w i t h a b u r n i s h e r 
acqui res a g r a p h i t i c l u s t r e . I t is s t ab l e i n d r y air , b u t decomposes w h e n h e a t e d i n 
v a c u o i n t o t e l l u r i u m a n d t e l l u r i u m d iox ide . I t is ox id ized t o t h e d iox ide in m o i s t 
air , b u t w a t e r h a s n o a c t i o n . Cold d i l . ac ids d e c o m p o s e i t s lowly ; w i t h ho t , cone , 
hydroch lo r i c ac id , i t fo rms t e l l u r i u m a n d i t s d iox ide . H y d r o g e n chlor ide is a b s o r b e d 
b y t h e m o n o x i d e w i t h o u t app rec i ab l e c h a n g e , b u t w h e n t h e p r o d u c t is h e a t e d , i t 
me l t s a n d gives off t e l l u r i u m d ich lo r ide . S u l p h u r d iox ide r educes i t s lowly t o 
t e l l u r ium ; i t is n o t a l t e r e d b y l i q u i d s u l p h u r t r i o x i d e — e v e n w h e n bo i l ing ; a n d w i t h 
cone, su lphur i c ac id i t f o rms a r e d soln. f rom wh ich t e l l u r i u m s u l p h a t e crys ta l l izes : 
2 T e O + 3 H 2 S 0 4 = T e ( S 0 4 ) 2 + T e S 0 3 + 3 H 2 0 . T h e m o n o x i d e is q u i c k l y ox id ized 
by n i t r i c ac id , a n d o t h e r ox id iz ing a g e n t s i n ac id ic soln. , b u t less eas i ly b y n e u t r a l 
or a lka l ine soln . P o t a s s i u m p e r m a n g a n a t e is r e d u c e d t o m a n g a n a t e . Cold p o t a s h -
lye a c t s s lowly, b u t t h e boi l ing ly€5 decomposes t h e m o n o x i d e w i t h t h e s e p a r a t i o n of 
t e l l u r i u m . N o c o m p o u n d s w i t h t h e monoxide—Jiypolel luri tes—have been p r e p a r e d , 
a n d ne i the r bas i c n o r ac id ic p r o p e r t i e s cou ld be a s s igned t o i t . W . D a m i e n s sa id 
t h a t t h e a l leged m o n o x i d e is a m i x t u r e of t e l l u r i u m a n d t e l l u r i u m d iox ide . 

J . J . Berzel ius 2 p r e p a r e d t e l lur ium dioxide , T e O 2 , b y b u r n i n g t e l l u r i u m in a i r ; 
a n d b y t h e a c t i o n of n i t r i c ac id a n d h o t su lphu r i c ac id o n t e l l u r i u m . Accord ing t o 
I>. K le in a n d J . Morel , p u l v e r u l e n t t e l l u r i um, o b t a i n e d b y p r e c i p i t a t i o n w i t h 
s u l p h u r o u s acid , dissolves r e a d i l y i n d i l . n i t r i c ac id , w i t h t h e evo lu t i on of n i t rogen 
oxides . T h e t e m p , a t w h i c h soln. t a k e s p lace is lower t h e h igher t h e cone , of t h e 
acid ; w i t h ac id of sp . gr . 1-25 t h e a c t i o n beg ins a t —10° , vide supra, t e l l u r i um. A t a 
low t e m p . soln . is n o t c o m p l e t e , a n d a grey ish , c u r d y res idue is left, wh ich after­
w a r d s t u r n s w h i t e , a n d fo rms long flexible mic roscop ic needles c o n t a i n i n g b o t h n i t r i c 
a n d te l lur ic ac ids . 

J . J . Berze l ius o b s e r v e d t h a t h y d r a t e d t e l l u r i u m d i o x i d e or t e l l u rous ac id is 
p r e c i p i t a t e d if a so ln . of t e l l u r i u m i n cold, d i l . n i t r i c ac id is p o u r e d i n t o cold w a t e r . 
A. G u t bier a d d e d t h a t t h e n i t r i c ac id soln . s h o u l d first b e n e u t r a l i z e d w i t h a m m o n i u m 
c a r b o n a t e before t h e d i l u t i on , a n d t h e w h i t e flocculent p r e c i p i t a t e w a s h e d w i t h h o t 
wa t e r u n t i l freed f rom a m m o n i a . D . K l e i n a n d J . Morel obse rved t h a t w h e n t he 
soln. of t e l l u r i u m i n n i t r i c ac id is d i l u t e d w i t h w a t e r , i t depos i t s h y d r a t e d t e l l u r i u m 
d iox ide or t e l l u r i u m d iox ide , a c e r t a i n q u a n t i t y of a bas ic t e l l u r i u m n i t r a t e a lways 
r e m a i n i n g in soln . H y d r a t e d t e l l u r i u m d i o x i d e c o n t a m i n a t e d w i t h half a per cen t , of 
n i t r ic ac id is fo rmed w h e n t h e n i t r i c a c id is dil . , s a y of sp . gr . 1-1—1-2, a n d t h e ac t i on 
t a k e s p lace a t a low t e m p . I t is a wh i t e , c u r d y s u b s t a n c e wh ich g r a d u a l l y changes 
t o a ye l lowish-whi te m a s s of mic roscop ic r e c t a n g u l a r lamellae of t e l l u r i u m d iox ide . 
W h e n t h e r e a c t i o n t a k e s p l ace a t a h ighe r t e m p . , o r if n i t r i c ac id is used , t e l l u r i u m 
d iox ide is f o r m e d i n mic roscop ic q u a d r a t i c o c t a h e d r a . T h e n i t r i c ac id soln. 
s p o n t a n e o u s l y depos i t s o c t a h e d r a l c r y s t a l s of t e l l u r i u m d iox ide , a n d if t h e n i t r i c 
ac id e m p l o y e d is s o m e w h a t di l . , s a y of s p . gr . 1-2, a n d t h e t e m p , h a s n o t r isen a b o v e 
30° d u r i n g t h e r eac t i on , t h e p r e c i p i t a t i o n of t e l l u r i u m d iox ide is acce le ra ted by h e a t . 
U n d e r t hese cond i t i ons , a b o u t half t h e t e l l u r i u m d iox ide r e m a i n s in soln . in t h e 
form of n i t r a t e , w h i c h c rys ta l l i zes o u t w h e n t h e l i qu id is cone , a n d cooled. 

J . J . Berze l ius f o u n d t h a t if a so ln . of t e l l u r i u m i n w a r m cone , n i t r i c ac id be 
a l lowed t o s t a n d for s o m e t i m e i t depos i t s t e l l u r i u m d iox ide c o n t a m i n a t e d wi th 
a b o u t half a p e r c en t , of n i t r i c a c i d w h i c h is expe l led w i t h feeble dec rep i t a t i on when 
g e n t l y h e a t e d . J . J . Berze l ius , H . JL. Wi l l s , C. J e n a , a n d D . K l e i n a n d J . Morel 
o b t a i n e d t h e d iox ide b y e v a p o r a t i n g a so ln . of t e l l u r i u m in n i t r i c ac id t o d ryness , a n d 
h e a t i n g t h e r e s idue t o d u l l r e d n e s s ; H . R o s e sa id t h a t a t e m p , of 200° is sufficient ; 
a n d B . B r a u n e r , 400° . A . G u t b i e r s a id t h a t t h e n i t r i c ac id is al l expel led on ly a t 
a t e m p , a t w h i c h s o m e t e l l u r i u m d i o x i d e is vola t i l ized. A . O p p e n h e i m o b t a i n e d 
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c rys t a l s of t h e d ioxide b y a d d i n g a lcohol t o t h e n i t r i c ac id soln . of t e l l u r i u m . 
N . W . F i scher h e a t e d a soln. of t e l l u r i u m in cone , s u l p h u r i c ac id u n t i l i t w a s 
decolorized, a n d o b t a i n e d on cooling w h a t h e r e g a r d e d a s a n eas i ly soluble s u l p h a t e ; 
a n d J . J . Berzel ius , B . B r a u n e r , a n d D . K l e i n a n d J . Morel o b t a i n e d a bas i c s u l p h a t e 
f rom a soln. of t e l lu r ium in ho t , cone , s u l p h u r i c ac id ; w i t h 20 p e r cen t , s u l p h u r i c 
acid , t e l l u r ium d ioxide is fo rmed . D . K l e i n a n d J . Morel o b s e r v e d t h a t b o t h t h e 
bas ic s u l p h a t e a n d t h e bas ic n i t r a t e a r e decomposed i n t o t e l l u r i u m d iox ide a n d ac id 
w h e n washed w i t h h o t wa t e r . J . J . Berzel ius , a n d A. O p p e n h e i m also o b t a i n e d t h e 
d ioxide b y p o u r i n g a boi l ing soln. of t e l l u r i u m t e t r a c h l o r i d e i n t o h o t w a t e r . 
J . J . Berzel ius , and ~Lt. S t a u d e n m a i e r o b t a i n e d t h e d iox ide b y h e a t i n g te l lu r ic ac id . 

Te l lur ium d iox ide h a s been a n a l y z e d b y J . J . Berze l ius , H . Li. Wi l l s , 
B . B r a u n e r , L . S t a u d e n m a i e r , A. Gu tb i e r , a n d o t h e r s i n d i c a t e d in connec t i on w i th 
t h e a t . w t . of t e l l u r i u m . T h e r e su l t s ag ree w i t h t h e empi r i ca l fo rmula TeO 2 -
H . E e m y discussed t h e s t r u c t u r e of t e l l u rous ac id , H 2 T e O 3 . A . B r e z i n a sa id t h a t i t 
is p robab le t h a t a n e a r t h desc r ibed b y J . E s m a r k i n 1798 w a s n a t i v e t e l l u r i u m 
d ioxide ; W . P e t z also descr ibed a ye l lowish-whi te e a r t h f rom F a c z e b a j a w h i c h 
b e h a v e d l ike t e l l u r i um d iox ide . T h e m i n e r a l w a s cal led te l lurite b y J . Nicol , a n d 
tellurium, ochre b y C E . R a m m e l s b e r g . T h e m i n e r a l a t Z a l a t h n a , a n d 
Faczeba ja , T r a n s y l v a n i a , w a s descr ibed b y V. v o n Z e p h a r o v i c h , J . rUsrnark, a n d 
J . A. K r c n n c r ; and t h e occur rence in Colorado , a n d S o u t h D a k o t a , b y F . A . G e n t h , 
F . C. K n i g h t , a n d R. P e a r c e . W . P . H e a d d e n desc r ibed a n occur rence of t e l l u r i u m 
d ioxide as a whi t e coa t ing on t h e n a t i v e t e l l u r i u m of t h e G o o d h o p e Mine , Colorado , 
a n d also as brownish-yel low, g r a n u l a r mas se s of sma l l c r y s t a l s — t h o u g h t t o b e 
t e t r a g o n a l . The mine ra l c o n t a i n e d 78*68 p e r cen t , of t e l l u r i u m ; a t r a c e of b i s m u t h 
oxide ; 0-79 per cen t , of ferric ox ide ; a n d 1*04 p e r cen t , inso lub le m a t t e r . 

T h e h y d r a t e d forms of t e l l u r i u m d iox ide , i n d i c a t e d a b o v e , a r e supposed t o be 
te l lurous acid, H 2 T e O 3 . J . J . Berze l ius p r e p a r e d t h e ac id b y fusing t e l l u r i u m 
d iox ide w i t h a n equa l we igh t of p o t a s s i u m c a r b o n a t e , d i sso lv ing t h e r e s u l t i n g 
p o t a s s i u m te l lu r i te in cold wa te r , a d d i n g a scarce ly pe rcep t ib l e excess of n i t r i c ac id ; 
a l lowing t h e m i x t u r e t o s t a n d for some t i m e w i t h f r equen t s t i r r i ng ; w a s h i n g t h e 
p r o d u c t w i t h ice-cold w a t e r ; a n d d r y i n g t h e ac id in a i r a t 12° . A so lu t ion 
of t e l l u r ium dioxide in po ta sh - lye can b e t r e a t e d in a s imi lar w a y . T h e p r e p a r a t i o n 
of t h e acid was also desc r ibed b y H . S c h u m a n n . G. O. O b e r h e l m a n a n d 
P . K. B r o w n i n g descr ibed t h e p r e p a r a t i o n of t h e ac id f rom t h e res idues o b t a i n e d in 
t h e e lect rolyt ic refining of copper . 

Te l lu r ium d iox ide forms smal l , colourless, o c t a h e d r a l crys ta l s ; t h a t p r e p a r e d 
in t h e w e t - w a y dr ies m i lk -wh i t e ; a n d t h a t o b t a i n e d b y s lowly cool ing t h e m o l t e n 
d iox ide , or b y p o u r i n g t h e l iqu id from t h e p a r t l y solidified r>ortion furnishes needle­
l ike c rys t a l s which , accord ing t o D . K l e i n a n d J . Morel , a r e p r o b a b l y r h o m b i c ; or , 
a cco rd ing t o K . Vrba , poss ib ly monocl in ic . A . Brez ina , a n d D . K l e i n a n d J . Morel 
g a v e for t h e ax i a l r a t i o s of t h e r h o m b i c b i p y r a m i d a l c r y s t a l s a : b : c 
—0-4566 : 1 : 0-4693. T h e c rys t a l s o b t a i n e d from, t h e n i t r i c ac id so ln . a r e , 
a c c o r d i n g t o D . K l e i n a n d J . Morel , t e t r a g o n a l , a n d h a v e t h e ax i a l r a t i o 
a : c = l : 1-1076 ; a n d t h e y a p p e a r l ike o c t a h e d r a l , d o u b l y re f rac t ing c rys t a l s . T h e 
c r y s t a l s were also desc r ibed b y V. M. G o l d s c h m i d t . T h e X - r a d i o g r a m shows t h a t 
t h e space- la t t i ce is of t h e ru t i l e t y p e w i t h a = 4 - 7 9 A., a n d c = 3 * 7 7 A., so t h a t a : c 
= 1 : 0-788. . JL. P a u l i n g d i scussed t h e l a t t i c e - s t r u c t u r e . A . Wel le r showed t h a t 
t h e d iox ide is a n e x a m p l e of a colourless solid g iv ing a co loured v a p o u r a n d l iqu id . 
T h e h y d r a t e d ox ide , or t e l lu rous ac id , a p p e a r s l ike a n e a r t h y p o w d e r . D . K l e i n 
g a v e for t h e specific grav i ty of t e t r a g o n a l t e l l u r i u m ox ide 5-67 a t 15° t o 19° ; 
5*68 for t h a t o b t a i n e d b y h e a t i n g t h e n i t r a t e be low 350° ; a n d K . V r b a , 5-90 for t h e 
t e t r a g o n a l c ry s t a l s . F o r t h e r h o m b i c form p r e p a r e d f rom t h e fused d iox ide , D . K l e i n 
g a v e 5-91 a t 0° , a n d 5-88 a t 12° ; A. Schafar ik , 5-93 a t 20° ; a n d F . W . Cla rke , 5-75 
a t 12-5°, a n d 5*784 a t 14°. J . J . Berze l ius , a n d H . R o s e found t h a t w h e n t h e 
d i o x i d e is h e a t e d i t b ecomes pa le-yel low, a n d t h e co lour d a r k e n s a s t h e t e m p , r ises . 
I t beg ins t o fuse a t a d u l l r e d - h e a t f o r m i n g a d a r k yel low, t r a n s p a r e n t l i q u i d which 
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on exposure t o a i r volat i l izes w i t h a s l ight fuming . As t h e m a s s cools i t solidifies 
a n d evolves e n o u g h h e a t t o ra i se t h e t e m p , t o du l l r ednes s . T h e whi t e , c rys ta l l ine 
m a s s is t r a n s l u c e n t w h e n s lowly cooled ; i t r e ad i ly s e p a r a t e s t o a c rys ta l l ine mass 
which is v e r y easi ly b r o k e n i n t o c rys ta l l ine f r agmen t s . Single d r o p s solidify t o 
a t r a n s p a r e n t glass. I t volat i l izes a n d subl imes a t a h igher t e m p , t h a n t h a t a t 
which t h e m e t a l sub l imes ; a n d i t c a n b e m e l t e d in a crucible w i t h o u t m u c h loss . 
B . B r a u n e r sa id t h a t a pe rcep t ib le vo la t i l i za t ion occurs a t 400° or 500° . 
J . J , Berzel ius found t h a t a t 40° , or even a t a lower t e m p . , t h e h y d r a t e d d iox ide is 
reso lved i n t o t h e a n h y d r o u s d iox ide ; hence , a t u r b i d m i x t u r e of t h e h y d r a t e d 
d iox ide a n d w a t e r , becomes clear a t t h i s t e m p , a s t h e g ranu le s of h y d r a t e d d iox ide 
pass i n t o c rys t a l s of t h e a n h y d r o u s d iox ide . W . Gr. Mix t e r g a v e for t h e h e a t of 
format ion ( T e , 0 2 ) = 8 7 - 1 CaIs. R . S c h u m a n n g a v e —64320 t o 77700 cals . for t h e 
free ene rgy of t e l l u r i u m d iox ide a t 25° . J . P a p i s h obse rved t h a t t h e v a p o u r of 
t e l l u r ium i n t r o d u c e d i n t o a b u n s e n n a m e co lours t h e flame b lue t i n g e d w i t h green 
in i t s u p p e r m o s t p a r t , a n d a b r igh t , meta l l i c m i r r o r is depos i t ed on a cold surface 
he ld in t h e h o t t e s t p a r t of t h e flame. T h e r e d u c t i o n of t h e ox ides in t h e flame is 
supposed t o be t h e cause of t h e c h a r a c t e r i s t i c luminescence . E . B l a n c g a v e for t h e 
two ionization constants of tellurous acid, JfiT1=2xlO~3 , and JST2=IxIO""8. 
R . A. S c h u h m a n n g a v e for t h e e.m.f. of cells of t h e t y p e Te | T e O 2 , HClO4 | H 2 
—0-5286 vo l t a t 25° a n d —0-5213 vo l t a t 45° . J . J . K a s a r n o w s k y found t h e cone, of 
t e l lu rous ions in soln. c o n t a i n i n g increas ing p r o p o r t i o n s of hydroch lo r i c ac id increases 
as t h e four th power of t h e H"-ions, showing t h a t t e l lu rous ac id a c t s as a w e a k base , 
^ = [ T o * " " ] [ O H / l 4 / [ H 2 T e 0 3 ] ; or / £ = 1 - 5 x 1 0 - 4 6 . Accord ing t o A. S imek a n d 
H . K a d l o c v a , d r o p s of fused t e l l u r i u m d iox ide on a p l a t i n u m surface h e a t e d b y a 
d i rec t c u r r e n t a t 800° t o 950° m o v e f rom t h e n e g a t i v e t o t h e pos i t ive po le . T h e 
m o v e m e n t is a c c o m p a n i e d b y a d e f o r m a t i o n of t h e d r o p s , t h e c u r v a t u r e of t h e 
side facing t h e n e g a t i v e pole be ing less t h a n t h a t of t h e o t h e r s ide . U n d e r g iven 
cond i t ions , t h e ve loc i ty increases as t h e d r o p s b e c o m e larger , b u t does so less 
r ap id ly t h a n t h e we igh t of t h e d rops . T h e ve loc i ty of m o v e m e n t a n d t h e force 
hy wh ich t h e d r o p s a r e d r iven a re b o t h r o u g h l y p r o p o r t i o n a l t o t h e c u r r e n t i n t ens i t y 
u p t o a c e r t a in l imi t . If t e l l u r i u m d iox ide is a d d e d t o d r o p s of fused sodium 
s u l p h a t e , chlor ide , t u n g s t a t e , or p j T o p h o s p h a t e , t h e p r ev ious ly f l a t t ened d rops 
become m u c h m o r e spher ica l a n d , u n d e r t h e inf luence of a d i r ec t c u r r e n t , m o v e more 
rap id ly t h a n p u r e t e l l u r ium dioxide , a ve loc i ty of 16 c m s . p e r sec. be ing somet imes 
a t t a i n e d . T h e d i rec t ion of m o t i o n d e p e n d s on t h e cone, of t e l l u r i u m dioxide 
a n d m a y be r eve r sed as t h e l a t t e r g r a d u a l l y e v a p o r a t e s . T h e p h e n o m e n o n is 
due t o changes of in ter fac ia l t ens ion caused b y p o t e n t i a l differences. As pre­
viously ind ica ted , t h e electrolysis of acidic soln. of t e l l u r i um dioxide was found by 
J . C Poggendorff, L,. S c h u c h t , C. W h i t e h e a d , E . Midler, e tc . , t o r e su l t in t he 
depos i t ion of b l ack t e l l u r i u m . S. Meyer gave —0-11 X 1 0 ~ 6 m a s s u n i t for t h e 
magnet i c susceptibi l i ty of t e l l u r i u m d ioxide , a n d — 0 - 1 9 x 1 0 - * m a s s u n i t for 
t e l lu rous acid, a n d S. S. B h a t n a g a r a n d C. L . D h a w a n , — 3 3 - 7 2 x 1 0 - 0 for 
t e l lu rous ac id , a n d t h e sub jec t w a s d iscussed b y S. S. B h a t n a g a r a n d 
fe. L . L a t h e r . 

L . S t a u d e n m a i e r found t h a t w h e n t e l l u r i u m d iox ide is h e a t e d in a c u r r e n t of 
hydrogen , i t is s lowly r e d u c e d t o t e l l u r i um, a n d J . J . Berzel ius obse rved t h a t t h e 
a lka l i t e l lu r i t e s form t h e te l lu r ides . F . C. M a t h e r s a n d G. M. B r a d b u r y , and 

i, L e n i i e r a n d E - W o l e s e n s k y found t h a t t h e t e l lu r i t e s a r e ox id ized t o te l l u ra tes 
w h e n h e a t e d i n s i r . D . K l e i n a n d J . JVtorel sa id t h a t t e l l u r i u m d iox ide is spar ingly 
soluble i n water , a n d t h e a q . soln. c o n t a i n s one p a r t of t h e d iox ide i n 150,000 p a r t s 
of wa te r . H . R o s e sa id t h a t t h e a q . so ln . does n o t r e d d e n b lue l i t m u s p a p e r ; b u t 
J . J . Berze l ius sa id t h a t t h e d iox ide r e d d e n s l i t m u s af ter s t a n d i n g some t i m e in 
c o n t a c t w i t h t h e m o i s t e n e d t e s t - p a p e r . T h e h y d r a t e — t e l l u r o u s acid—dissolves 
fairly eas i ly i n w a t e r f o r m i n g a so ln . wh ich r e d d e n s l i t m u s . If h e a t e d above 40°, 
t h e aq . soln. becomes t u r b i d , a n d n o longer r e d d e n s l i t m u s owing t o t h e deposi­
t ion of fine g r a i n s of t h e a n h y d r o u s d iox ide . W h e n t h e a q . solut ion is 
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e v a p o r a t e d a t o r d i n a r y t e m p . , i t depos i t s t h e a n h y d r o u s d iox ide m i x e d w i t h a 
sma l l p r o p o r t i o n of t h e h y d r a t e . J . J . Rerze l ius sa id t h a t t h e a q . soln. of t h e 
a n h y d r o u s d ioxide is tas te less , a n d t h a t t h e a q . soln . of t h e h y d r a t e h a s a me ta l l i c 
t a s t e . P . K o t h n e r found t h a t hydrogen dioxide a n d s o d i u m dioxide oxidize soln . 
of t e l lu r i tes t o t e l lu ra tes . 

J . J . Berzel ius found t h a t aq . soln. of t h e t e l lu r i t e s a r e ox id ized b y ch lor ine , 
bromine , a n d iodine ; a n d , a d d e d B . B r a u n e r , t h e iod ine a c t s s lowly a t o r d i n a r y 
t e m p . , a n d t h e reac t ion is comple t e o n l y a t 100°. R . Me tzne r o b t a i n e d oxyf luor ides 
b y t h e ac t ion of hydrofluoric acid o n t e l l u r i u m d iox ide ; a n d E . B . R . P r i d e a u x 
a n d J . O'Nei l Mil lo t t , b y t h e ac t i on of d r y h y d r o g e n fluoride on t h e d iox ide . 
J . J . Berzel ius found t h e d iox ide t o b e s p a r i n g l y soluble in m o s t ac ids , b u t i t is 
r ead i ly dissolved b y hydrochloric acid. A . D i t t e found t h a t t e l l u r i u m d iox ide fo rms 
a d d i t i v e c o m p o u n d s w i t h t h e hydrogen hal ides—vide infra, oxyha l ides . F . A. Grooch 
a n d J . H o w l a n d observed t h a t hyd l iod ic ac id r educes acidic soln . of t e l l u r ium 
dioxide t o t e l lu r ium. E . A. Gooch a n d W . C. M o r g a n found t h e r eac t ion H 2 T e O 3 
+ 4 H 2 S 0 4 + 4 K I ^ T e I 4 - f - 4 K H S 0 4 + 3 H 2 0 t o b e q u a n t i t a t i v e ; a n d K . S o m e y a 
s tud ied t h e e lec t romet r ic t i t r a t i o n of t e l lu rous ac id u n d e r t h e s e cond i t ions . 
R . S c h u h m a n n found t h e solubi l i ty of t e l l u r i u m d iox ide in 0-737OiIdT-, 0-2924J7- , 
a n d O l 02 8ilf-soln. of perchloric acid a t 25° t o be respec t ive ly 5-2O, 1-96, a n d 0-74 
g r a m - a t o m s x 10 3 pe r 1000 g r m s . of wa te r . 

H . B . B a k e r a n d A. H . B e n n e t t , i n t h e i r w o r k o n t h e a t . w t . of t e l l u r ium, h e a t e d 
a m i x t u r e of su lphur a n d t e l l u r i u m d iox ide in a c u r r e n t of n i t r o g e n a n d o b t a i n e d 
s u l p h u r d iox ide a n d t e l l u r i u m . W . M a r c k w a l d a n d A. Fo i z ik showed t h a t a sma l l 
p r o p o r t i o n of t h e s u l p h u r is a lso ox id ized t o s u l p h u r t r i ox ide . Acco rd ing t o 
A, Wehrle, hydrogen sulphide and also ammonium sulphide produce a black 
prec ip i t a t e of t e l l u r i u m d i su lph ide w i t h soln . of t e l l u r i u m d i o x i d e — t h e p r e c i p i t a t e 
is soluble i n soln. of a m m o n i u m su lph ide , h y d r o g e n su lph ide , or a q . a m m o n i a . 
A. G u t b i e r a n d F . F l u r y found t h a t w i t h a n a q . soln . of t h e ch lor ide t h e p r e c i p i t a t e 
p r o d u c e d i n t h e cold is deep orange- red , a n d if t h e soln. is h o t , t h e p r e c i p i t a t e is b l ack . 
H . W . E . M a c l v o r found t h a t w i t h t e l lu r i t e s , h y d r o g e n su lph ide g ives a r edd i sh -
b r o w n p rec ip i t a t e which r a p i d l y d a r k e n s in colour . A n excess of su lphur m o n o -
chloride w a s found b y V. L e n h e r t o r e a c t w i t h t h e d iox ide i n acco rd w i t h 
T e 0 2 + 2 S 2 C l 2 = = T e C l 4 + S 0 2 + 3 S ; a n d w i t h a n excess of t h e d iox ide : TeO 2M-S 2Cl 2 
= T e C l 2 + 2 S + O 2 ; a n excess of th ionyl chloride fo rms t e l l u r i u m t e t r a c h l o r i d e , a n d 
t h e d ichlor ide if t h e t e l l u r i um d iox ide is i n excess . I n t h e cold sulphuryl chloride 
docs n o t r e a c t w i t h t h e d iox ide , b u t w h e n h e a t e d in a sealed t u b e va r i ous c rys ta l l ine 
p r o d u c t s a r e formed—e .g . T e O 2 : S O 2 C l 2 = 3 : 4, 5 : 9 , 1 : 2, a n d 2 : 5 — a c c o r d i n g 
t o t h e compos i t i on of t h e m i x t u r e . T h e p r e c i p i t a t i o n of t e l l u r i u m f rom hydroch lo r i c 
ac id soln. b y su lphur dioxide h a s b e e n d iscussed i n connec t ion w i t h s e l e n i u m — 
Fig . 2, 1 0 . 58 , 2 . E . D i v e r s and M. Sh imose obse rved n o r eac t i on b e t w e e n su lphur 
trioxide a n d t e l l u r ium d iox ide ; B . B r a u n e r found t h a t w a r m 20 p e r cen t , su lphuric 
ac id dissolves a b o u t 0-7 p e r cen t , of t e l l u r i u m d iox ide ; 30 p e r cen t , ac id , a b o u t 
0-85 pe r cen t . ; a n d 50 pe r cen t , ac id , 4-4 p e r c e n t . These soln . a p p e a r t o be 
s u p e r s a t u r a t e d because af ter t h e y h a v e s t o o d some t i m e , t e l l u r i um d iox ide s e p a r a t e s 
f rom t h e di l . ac id soln. , a n d t e l l u r i u m s u l p h a t e f rom t h e cone , ac id soln. E . £>onath 
f o u n d t h a t s o d i u m hyposulphi te p r e c i p i t a t e s t e l l u r i u m f rom acid soln. of t e l l u r i um, 
o r f rom soln . of t e l lu r i t es . E . A. Gooch a n d J . H o w l a n d found t h a t s o d i u m t h i o -
su lphate i s w i t h o u t a c t i o n on cold ac id soln . of t e l l u r i um d iox ide , b u t w i t h h o t soln. , 
t e l l u r i u m is p r e c i p i t a t e d . 

J . J . Berze l ius sa id t h a t t e l l u r i u m d iox ide dissolves v e r y s lowly in a q . a m m o n i a ; 
a n d H . R o s e o b s e r v e d t h a t a q . a m m o n i a p r e c i p i t a t e s t e l l u rous ac id f rom soln. of 
t e l l u r i u m sa l t s , a n d t h e p r e c i p i t a t e d issolves in a n excess of t h e p r e c i p i t a n t w h e n t h e 
l i q u i d is w a r m e d . V. L e n h e r a n d E . W o l e s e n s k y o b t a i n e d pentitamminotellurous 
acid, 5 H 2 T e O 3 - N H 8 , a s a n i n t e r m e d i a t e s t a g e i n t h e d e c o m p o s i t i o n of a m m o n i u m 
t e l l u r i t e , b u t i t i s be l i eved n o t t o be a def ini te c o m p o u n d - Acco rd ing t o C. W h i t e ­
h e a d , w h e n a soln . of a t e l l u r i t e is bo i led w i t h a m m o n i u m chloride , t e l l u r o u s ac id is 
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p r e c i p i t a t e d ; whi le A . G u t b i e r a n d F . F l u r y found t h a t w h e n t e l l u r i u m d iox ide 
is h e a t e d w i t h a m m o n i u m chlor ide , t h e m i x t u r e b e c o m e s ye l low a n d t h e n o range , 
a n d a w h i t e s u b l i m a t e of TeO 2 . 2HCl is fo rmed . T h e m i x t u r e on be ing fu r the r 
hea t ed , a s s u m e s a d a r k co lour w i t h t h e f o r m a t i o n of a ye l low s u b l i m a t e . T e C l 2 . 2 N H 3 , 
which b l ackens on careful h e a t i n g . T e l l u r i u m finally r e m a i n s a s a b r i t t l e m a s s . 
These p h e n o m e n a d o n o t occur w h e n a m m o n i u m chlor ide is r ep l aced b y a m m o n i u m 
n i t r a t e , c a r b o n a t e , s u l p h a t e , p h o s p h a t e , a c e t a t e , or m o l y b d a t e . J . J . Berze l ius 
found t h a t t e l l u r i u m d iox ide is freely soluble i n n i t r i c ac id ; a n d D . K l e i n a n d 
J . Morel o b s e r v e d t h a t boi l ing , d i l . n i t r i c ac id d issolves s o m e t e l l u r i u m d iox ide ; 
w h e t h e r o r n o t t e l l u r i u m d iox ide wil l s e p a r a t e f rom t h e soln. d e p e n d s on t h e cone , 
of t h e ac id—v ide supra. T h e d iox ide is freely so luble i n t h e h o t , cone . ac id . P . J a n -
n a s c h a n d M. Muller , a n d A. G u t b i e r o b s e r v e d t h a t ac id ic or a lka l ine soln. of t e l l u r i u m 
d iox ide a re r e d u c e d t o t e l l u r i u m b y hydraz ine sa l t s ; wh i l s t pheny l hydraz ine 
v io l en t ly r educes h y d r o c h l o r i c ac id soln . a t o r d i n a r y t e m p , w i t h t h e evo lu t i on of 
hea t , a n d t h e l i b e r a t i o n of n i t r o g e n . J . J . Berze l ius found t h a t t e l l u r i u m is p r e ­
c i p i t a t e d b y phosphorus f rom ac id soln. of t e l l u r i u m d iox ide ; N. W . F i sche r found 
t h a t t e l l u r i u m is a lso p r e c i p i t a t e d b y a lcohol ic so ln . of p h o s p h o r u s ; H . Kose , b y 
phosphorous ac id ; a n d A. G u t b i e r / b y h y p o p h o s p h o r o u s ac id . H . R o s e o b t a i n e d 
a wh i t e p r e c i p i t a t e b y a d d i n g s o d i u m hydrophosphate . V. L e n h e r f o u n d t h a t 
p h o s p h o r u s t r i c h l o r i d e r educes "tel lurium d iox ide t o t h e e l emen t , phosphoryl chloride 
forms t h e c o m p l e x TeCl4ZPOCl3 ; he also found t h a t a r s e n i c trichloride r e a c t s w i t h 
t e l l u r i u m d iox ide fo rming t e l l u r i u m t e t r a c h l o r i d e a n d a rsen ic t r i ox ide . M. H . K l a p -
r o t h obse rved t h a t a n t i m o n y r educes a soln. of a t e l l u rous sa l t t o t e l l u r i u m . 
J . J . Berze l ius , D . K l e i n , B . B r a u n e r , a n d F . B e c k e r f o u n d t h a t t e l l u r i u m d iox ide 
rep laces a n t i m o n y l in p o t a s s i u m a n t i m o n y l tartrate f o r m i n g p o t a s s i u m te l lu ry l 
t a r t r a t e . T e l l u r i u m d iox ide r e a c t s w i t h a n t i m o n y trichloride fo rming , acco rd ing 
t o V. Lrenher, t e l l u r i u m t e t r a c h l o r i d e a n d a n t i m o n y t r i o x i d e ; a n t i m o n y p e n t a -
Chloride fo rms t h e c o m p l e x TeCl 2 .SbCl 5 . 

J . J . Berze l ius sa id t h a t t e l l u r i u m d iox ide is d e c o m p o s e d b y carbon a t a com­
p a r a t i v e l y low t e m p . , a n d w i t h a k i n d of d e t o n a t i o n ; a n d w i t h a lka l i t e l lu r i t e s a n d 
c a r b o n t h e a lka l i t e l lu r ide is fo rmed . J . J . Berze l ius obse rved t h a t t e l lu r i t e s a r e 
d e c o m p o s e d b y t h e carbon dioxide of t h e a t m . H . H o s e obse rved t h a t t e l l u r i u m 
d iox ide is r e d u c e d w h e n fused w i t h p o t a s s i u m cyanide . H . Hose found t h a t 
ac id soln . of t e l l u r i u m d iox ide g a v e n o p r e c i p i t a t e w i t h p o t a s s i u m ferro- o r 
ierricyanide, with oxalic acid, or with tannin. F . Stolba, and L.. Kastner found tha t 
soln. of t e l lu r i t e s a r e c o m p l e t e l y r e d u c e d t o t e l l u r i u m b y boi l ing w i t h g lucose . 
V. L e n h e r found t h a t carbon tetrachloride h a s n o a c t i o n o n t e l l u r i um d iox ide . 
A. O p p e n h e i m cou ld n o t p r e p a r e a lky l t e l lu r i t e s . T . R . Glauser r e c o m m e n d e d 
t e l l u r i u m d iox ide for c o m b u s t i o n ana lyses for c a r b o n a n d n i t rogen in dea l ing w i th 
a l u m i n i u m n i t r i d e , c a l c ium c y a n a m i d e , ferrosi l icon, fe r rochrome, h a r d s teels , 
c a r b o r u n d u m , e t c . T h e t e l l u r i u m d iox ide m e l t s t o a h e a v y , mobi l e l iqu id in which 
these s u b s t a n c e s r e a d i l y d isso lve . 

3. J . Berze l ius found t h a t coppe r r educes soln. of t e l l u r i u m sa l t s t o t h e m e t a l ; 
M. H . K l a p r o t h , a n d J . L o w e o b t a i n e d a s imi la r r e su l t w i t h z i n c ; N . W . F ischer , 
w i th c a d m i u m , a n d mercury ; M. H . K l a p r o t h , w i t h t in ; N . W . F i scher , w i t h lead ; 
a n d P . Be r th i e r , a n d F . S t o l b a , w i t h i ron. N . W . F i s c h e r a d d e d t h a t t h e t e l lu r ium is 
usua l ly p r e c i p i t a t e d a s a b l a c k p o w d e r w h i c h b y fr ic t ion acqu i r e s a meta l l i c lus t re ; 
dend r i t i c t e l l u r i u m fo rms w h e n l ead is used ; t h e p r e c i p i t a t i o n is u sua l ly incomple te ; 
a n d a bas ic t e l l u r i t e or bas i c t e l l u r a t e m a y b e fo rmed . J . J . Berze l ius found t h a t 
t e l l u r i um d iox ide r ead i l y dissolves i n a q . soln . of a lkal i hydroxides ; b u t in aq . soln. 
of t h e a lkal i carbonates o n l y d u r i n g a p ro longed boi l ing ; i t r e ad i ly dissolves w h e n 
me l t ed w i t h a lka l i c a r b o n a t e s w i t h t h e expu l s ion of c a r b o n d iox ide ; i t dissolves 
in fused a lkal i n i trates f o rming t e l l u r a t e s . Te l lu rous ac id r ead i ly dissolves in 
aq . soln. of a lka l i h y d r o x i d e s or c a r b o n a t e s , t h e c a r b o n d iox ide escaping on ly when 
hea t is app l i ed . Acco rd ing t o V . !Lenher a n d P . D . P o t t e r , t h e ye l lowish-brown 
subs t ances s u s p e n d e d i n t h e fused m a s s before t h e l i qu id solidifies c o n t a i n va r i ab le 
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p r o p o r t i o n s of p o t a s s i u m t e l l u r a t e a n d t e l l u r i u m d iox ide d e p e n d i n g on t h e t i m e 
of h e a t i n g a n d o t h e r cond i t ions . 

Accord ing t o N . W . F ischer , a n a m m o n i a c a l soln. of copper ox ide g ives a g rey i sh -
b lue p r e c i p i t a t e w i t h t e l lu rous ac id or t e l l u rous sa l t s . F . C. M a t h e r s a n d 
F . V. G r a h a m observed t h a t l ead dioxide c o n v e r t s t e l l u r i u m d iox ide i n t o l ead 
t e l lu ra te , a n d t h a t t h e o p t i m u m t e m p , is 170°. H . R o s e found t h a t bar ium 
chloride gives a wh i t e p r e c i p i t a t e inso lub le i n a m m o n i a , b u t w i t h c a l c i u m chloride 
prec ip i t a t ion occurs on ly af ter t h e a d d i t i o n of a m m o n i a . A . H i lge r o b t a i n e d a 
wh i t e p rec ip i t a t e b y a d d i n g a m a g n e s i u m salt a n d a m m o n i a t o a soln . of a t e l l u r i t e . 
N. W. F i sche r found t h a t m e r c u r o u s nitrate g ives a w h i t e p r e c i p i t a t e ; whi le 
s t a n n o u s Chloride r educes t e l lu rous sa l t s t o t e l l u r i u m which a p p e a r s a s a b l a c k p r e ­
c ip i t a t e ; if t h e t e l lu rous sa l t be v e r y d i lu t e , t h e s t a n n o u s chlor ide p r o d u c e s a b r o w n 
co lora t ion which is pe rcep t ib le a t a d i lu t ion of 1 : 600,000. B . B r a u n e r f o u n d e d a 
v o l u m e t r i c process for t h e d e t e r m i n a t i o n of t e l l u r i u m on t h i s r e a c t i o n . 
N . W . F i sche r found t h a t l ead ace ta te soln. g ives a w h i t e p r e c i p i t a t e . V. L e n h e r 
found t h a t lead tetrachloride r e a c t s w i t h t e l l u r i u m d iox ide fo rming t e l l u r i u m 
t e t r ach lo r i de . Acco rd ing t o B . B r a u n e r , c h r o m i c ac id oxidizes a hyd roch lo r i c 
ac id or s u l p h u r i c ac id soln. of t e l l u r i u m d iox ide t o te l lur ic acid . T h e r e a c t i o n is 
slow, b u t is fas te r in hyd roch lo r i c t h a n in su lphu r i c ac id soln. !L. S t a u d e n m a i e r 
o b t a i n e d s imi la r r e su l t s in n i t r i c ac id soln. T e l l u r i u m d iox ide a n d t h e t e l lu r i t e s 
form c o m p l e x sa l t s w i t h mo lybdates , t u n g s t a t e s , a n d v a n a d a t e s (q.v.). B . B r a u n e r 
obse rved t h a t p o t a s s i u m p e r m a n g a n a t e ox id izes a h y d r o c h l o r i c or s u l p h u r i c ac id 
soln. of t e l l u r i u m d iox ide , a n d i n t h e l a t t e r case , w i t h t h e d e v e l o p m e n t of o x y g e n : 
2 T e 0 2 4 - K M n 0 4 + 4 H C l = 2 T e 0 3 4 - M n C l 3 4 - K C H - 2 H 2 0 . F . A . Gooch a n d J . H o w -
l a n d s t u d i e d t h e o x i d a t i o n of t e l lu r i t e s t o t e l l u r a t e s b y p o t a s s i u m p e r m a n g a n a t e . 
Soln. of t e r v a l e n t m a n g a n e s e sa l t s d o n o t oxid ize t e l l u r i u m d iox ide . T h e r e a c t i o n 
w a s s t u d i e d b y W . T. S c h r e n k a n d B . L . B r o w n i n g . B . B r a u n e r , a n d V. L e n h e r 
a n d H . F . Wakef ie ld r e p r e s e n t e d t h e r e a c t i o n w i t h p o t a s s i u m d i c h r o m a t e : 
3 T e 0 2 + K 2 C r 2 0 7 + 8 H C l = 3 H 2 T e 0 4 + 2 K C H - 2 C r C l 3 H - H 2 0 . 
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§ 9. The Tellurites 

Te l lu rous ac id is d ibas i c f o r m i n g n o r m a l tellurites, R 2 T e O 3 , a n d hydrotelliirilcs, 
H T e O 3 ; a s well a s s a l t s of t h e h y p o t h e t i c a l pj/rolellurous acid, H 2 T e 2 O 5 ; 
tetratellurotts acid, H 2 T e 4 O 9 ; a n d hexalellurous acid, H 2 T e 6 O 1 3 . 

F . A. !Fliickiger T h e a t e d t e l l u r i u m w i t h a q . a m m o n i a in a sea led t u b e a n d o b t a i n e d 
w h a t h e r ega rded a s a m m o n i u m te l luri te . A c c o r d i n g t o J . J . Berze l ius , t e l l u r i u m 
d iox ide d issolves v e r y s lowly i n a q . a m m o n i a , whi le t e l l u r o u s ac id d issolves v e r y 
qu ick ly . O n e v a p o r a t i n g t h e soln . a t a gen t l e h e a t , i t g ives off a m m o n i a ; l eav ing 
t e l lu rous ac id c o n t a m i n a t e d w i t h a 0*41 p e r c e n t , of a m m o n i a . V. L e n h e r a n d 
E . W o l e s e n s k y sa id t h a t a m m o n i u m t e l l u r i t e p r o b a b l y ex i s t s in soln . a n d also in 
t h e solid s t a t e w h e n s u r r o u n d e d b y a s a t . so ln . of t e l l u rous ac id in a m m o n i a , b u t on 
a t t e m p t i n g t o i so la t e i t , i t d e c o m p o s e s s p o n t a n e o u s l y a t o r d i n a r y t e m p , fo rming 
t e l l u rous ac id , e t c . T h e y d i s so lved t e l l u r i u m d i o x i d e i n a q . a m m o n i a of sp . gr . 
0-91, b y h e a t i n g t h e m i x t u r e in sea led t u b e s a t 95°—100° for 10 h r s . Af ter cool ing 
a n d filtering, t h e so ln . w a s a l lowed t o e v a p o r a t e s p o n t a n e o u s l y , w h e n sma l l c rys t a l s 
were o b t a i n e d in t h e fo rm of s h o r t need les a r r a n g e d i n r a d i a t i n g g roups , or c lus te rs 
of t h i n , t r a n s p a r e n t p l a t e s . O n d r y i n g , t h e s e b e c a m e o p a q u e . T h e y dissolved 
r ead i ly in a m m o n i a , b u t were in so lub le in w a t e r . If a m m o n i u m ch lor ide be a d d e d 
t o a so ln . of t e l l u r o u s a c i d i n a q . a m m o n i a , J . J . Berze l ius sa id t h a t 'what is 
p r o b a b l y a m m o n i u m pyrotel luri te , N H 4 H T e 2 O 5 . 1 2 H 2 O , a p p e a r s a s a flocculent 
p r e c i p i t a t e . T h e s a m e sa l t is p r o d u c e d b y a d d i n g a m m o n i u m chlor ide t o a soln. 
of t e l l u rous ac id , o r t e l l u r i u m d ich lo r ide i n w a r m a q . a m m o n i a , a n d o n a d d i n g 
a lcohol , m o r e of t h e s a m e sa l t is p r e c i p i t a t e d . T h e p y r o t e l l u r i t e is decomposed by 
h e a t i n t o a m m o n i a , w a t e r , a n d t e l l u r i u m d iox ide . 

J . J . Berze l ius o b t a i n e d n o r m a l l i t h i u m tel lurite , L i 2 T e O 3 , b y me l t i ng t o g e t h e r 
equ imola r p r o p o r t i o n s of t e l l u r i u m d i o x i d e a n d l i t h i u m c a r b o n a t e , a n d slowly 
cooling t h e p r o d u c t . T h e a q . soln . , w h e n e v a p o r a t e d o v e r cone , su lphur i c acid, 
yields a w h i t e , e a r t h y m a s s . S imi la r ly w i t h l i t h i u m pyrotel lurite , L i 2 T e 2 O 5 , or 
l i th ium tetrate l luri te , L i 2 T e 4 O 9 . t ? H 2 0 , u s ing t h e p r o p e r p r o p o r t i o n s of t h e 
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c o m p o n e n t s . T h e a q . soln. sp l i t s i n t o t h e n o r m a l sa l t a n d l i t h i u m h y d r o p y r o -
te l lurite , !LiHTe2Os-WH2O ; t h e l a t t e r is a lso o b t a i n e d f rom a soln . of t h e p y r o t e l l u r i t e 
i n h o t wa^er . W h e n hea t ed , i t i n t u m e s c e s a s t h e w a t e r is d r i v e n off, a n d i t m e l t s 
a s a r e d - h e a t is a p p r o a c h e d , f o r m i n g a ye l low l i q u i d w h i c h , o n cool ing, p r o d u c e s a 
t r a n s p a r e n t glass, wh ich b e h a v e s t o w a r d s h o t w a t e r l ike t h e p y r o t e l l u r i t e . H o t w a t e r 
b r e a k s d o w n t h e h y d r o p y r o t e l l u r i t e f o r m i n g a p r e c i p i t a t e of t e l l u rous ac id , whi le a 
m o r e ac id t e l lu r i t e passes i n t o so ln . ; w i t h cold w a t e r t h e c r y s t a l s of t e l l u rous ac id 
pa s s i n t o t h e ge l a t i nous s t a t e , b u t s t i l l r e t a i n t h e e x t e r n a l f o r m of t h e c ry s t a l s . 

J . J . Berzel ius p r e p a r e d n o r m a l s o d i u m tel lurite , N a 2 T e O 3 , a s i n t h e case of 
t h e l i t h i u m sa l t , b y fusing e q u i m o l a r p r o p o r t i o n s of t e l l u r i u m d iox ide a n d s o d i u m 
c a r b o n a t e ; d u r i n g sol idif icat ion t h e t e l lu r i t e fu rn ishes c r y s t a l s wh ich , a c c o r d i n g 
t o C. F. R a m m e l s b e r g , a r e r h o m b i c p r i s m s w i t h angles 113° t o 114°. J . J . Berze l ius 
sa id t h a t t h e sa l t dissolves s lowly b u t c o m p l e t e l y in cold w a t e r , a n d m o r e q u i c k l y 
in h o t w a t e r , f rom w h i c h i t does n o t s e p a r a t e o n cool ing. Alcohol p r e c i p i t a t e s f rom 
t h e a q . soln. a cone , l i qu id which , i n a few d a y s , depos i t s c ry s t a l s of h y d r a t e d sa l t . 
W h e n t h e a q . soln. is e v a p o r a t e d , C. IT. R a m m e l s b e r g f o u n d t h a t r h o m b i c p r i s m s of 
t h e pentahydrate, N a 2 T e O 3 . 5 H 2 O , a r e fo rmed w h i c h lose t h e i r w a t e r a t 120°. 
V. L e n h e r a n d E . W o l e s e n s k y also p r e p a r e d t h i s sa l t . T h e y f o u n d t h a t if t o a cone , 
soln. of s o d i u m t e l lu r i t e a b o u t tw ice i t s vo l . of 95 p e r cen t , a lcohol b e a d d e d , t h e 
t w o l iqu ids d o n o t m i x . T h e r e is, however , a r e d i s t r i b u t i o n of t h e w a t e r b e t w e e n 
t h e a lcohol a n d t h e t e l lu r i t e . T h e a lcohol ic l a y e r increases in vol . b y a b s t r a c t i n g 
w a t e r f rom t h e t e l l u r i t e soln. , whi le t h e l a t t e r b e c o m e s m o r e cone . L o n g s t a n d i n g 
a n d r e p e a t e d s h a k i n g wil l n o t p r o d u c e a n y fu r the r c h a n g e s in t h i s s y s t e m . If, n o w , 
sol id s o d i u m te l lu r i t e b e a d d e d , i t wi l l s lowly dissolve, i nc reas ing t h e vol . of t h e 
t e l l u r i t e soln. , a n d w i t h d r a w i n g w a t e r f rom t h e a lcohol ic layer . B u t if, i n s t e a d , 
a b o u t five vols , of a b s o l u t e a lcohol b e a d d e d , t h e w a t e r is a l m o s t c o m p l e t e l y w i t h ­
d r a w n f rom t h e s o d i u m te l lu r i t e , a n d t h e l a t t e r is p r e c i p i t a t e d . C. J e n a r ega rded 
t h e s a l t as a hemienneahydrate, N a 2 T e O 3 . 5 J H 2 O . !E. B l a n c found t h a t t h e pe r ­
c e n t a g e degree of hydro lys i s of 0-0075AT-soln. of s o d i u m t e l lu r i t e is 0-773 ; a n d 
of Q-Q073N- s o d i u m h y d r o t e l l u r i t e , 0-0022. J . J . Berze l ius p r e p a r e d s o d i u m p y r o ­
tel lurite , N a 2 T e 2 O 5 , b y t h e fusion process a s in t h e case of t h e s o d i u m s a l t ; t h e 
boi l ing a q . soln. , w h e n slowly cooled, furnishes p e a r l y scales a n d t h i n s ix-s ided p l a t e s 
of s o d i u m hydropyrotel lurite , N a H T e 2 0 5 . 2 H 2 0 , o r s o d i u m tetrate l luri te , 
N a 2 T e 4 O 9 - ^ H 2 O , a n d C. F . R a m m e l s b e r g found t h a t t h e c r y s t a l s lose half t h e i r 
w a t e r w h e n exposed t o a i r . V. L e n h e r a n d E . W o l e s e n s k y a lso p r e p a r e d t h e p y r o -
a n d t e t r a t e l l u r i t e s . T h e y found t h a t t h e p y r o t e l l u r i t e w a s ox id ized b y h e a t i n g 
i t for five d a y s i n a i r , a n d t h e t e t r a t e l l u r i t e a n d t e l l u r i u m d iox ide n o t a t al l . H e n c e 
a s t h e p r o p o r t i o n of t e l l u r i u m d iox ide i n t h e t e l l u r i t e inc reases , t h e t e n d e n c y t o 
ox id ize in a i r decreases . A c c o r d i n g t o C. F . R a m m e l s b e r g , if t h e n o r m a l t e l l u r i t e 
be t r e a t e d w i t h h o t w a t e r , a w h i t e c rys ta l l ine p o w d e r of s o d i u m tritel lurite , 
N a 2 T e 3 0 7 . 5 H 2 0 , is f o r m e d ; i t loses half i t s w a t e r a t 120°, a n d t h e res t w h e n m e l t e d . 
T h e b r o w n , m o l t e n sa l t fo rms a t r a n s p a r e n t ye l low glass w h e n cold. B y t r e a t i n g 
a soln . of t h e n o r m a l s a l t w i t h a s m u c h n i t r i c ac id a s is possible w i t h o u t m a k i n g t h e 
l i qu id r e a c t ac id , a p r e c i p i t a t e of s o d i u m hexate l lur i te , N a 2 T e 6 O 1 3 . 8 H 2 O , is 
f o r m e d ; i t is w a s h e d w i t h cold w a t e r , a n d d r i ed i n a i r . I t loses a l l i t s c o m b i n e d 
w a t e r o n fusion. 

J . J . Berze l ius p r e p a r e d n o r m a l p o t a s s i u m tel lurite , K 2 T e O 3 , b y t h e fusion 
p rocess a s i n t h e case of t h e l i t h i u m a n d s o d i u m sa l t s . T h e w h i t e p r o d u c t cons is t s 
of c r y s t a l s w i t h a n a lka l ine r e a c t i o n a n d caus t i c t a s t e . V . L e n h e r a n d E . W o l e s e n s k y 
f o u n d t h a t i t is well t o c o n d u c t t h e fus ion i n a n i n e r t a t m . — s a y , c a r b o n d i o x i d e — 
t o p r e v e n t t h e o x i d a t i o n of t e l lu r i t e t o t e l l u r a t e . T h e w h i t e , c rys t a l l i ne m a s s is 
de l iquescen t , a n d e x t r e m e l y soluble i n w a t e r . T h e a q . so ln . s lowly depos i t s t e l l u rous 
a c i d o n e x p o s u r e t o a i r , a n d m o r e r e a d i l y w h e n a i r is b u b b l e d t h r o u g h t h e soln. 
O n h e a t i n g , however , t h e p r e c i p i t a t e a g a i n d isso lves , s h o w i n g t h a t a t h i g h e r t e m p , 
t e l l u r o u s ac id wil l d i sp lace c a r b o n i c ac id . W h e n h e a t e d i n a i r b e t w e e n 460°—470°, 
t h e t e l l u r i t e i s s lowly ox id ized . T h u s 35-09 p e r cen t , w a s c o n v e r t e d t o t e l l u r a t e 

93 



T E L L U R I U M 7 9 

in 10 h r s . , a n d 99-49 p e r cen t , i n 50 h r s . I t d issolves s lowly i n cold w a t e r , b u t m o t e 
r a p i d l y i n h o t w a t e r ; a n d t h e e v a p o r a t i o n of t h e a q . so ln . ove r s u l p h u r i c 
ac id furn ishes a s y r u p y m a s s w h i c h a f t e r w a r d s solidifies i n t o a g r a n u l a r , n o n -
de l iquescen t m a s s . V. L e n h e r a n d E . W o l e s e n k y s h o w e d t h a t p o t a s s i u m t e l lu r i t e 
c a n n o t b e c rys t a l l i zed f rom a q . soln . , for t h e a q . soln . w h e n e v a p o r a t e d ove r su lphu r i c 
ac id a n d sol id p o t a s s i u m h y d r o x i d e furnishes a h a r d , t r a n s p a r e n t , w a x y or res inous-
look ing h o m o g e n e o u s m a s s of t h e trihydrate, K 2 T e O 3 . 3 H 2 O . T h i s c o m p o u n d w a s 
a l so p r e p a r e d b y t r e a t i n g t e l l u r i u m d i o x i d e w i t h a so ln . of c aus t i c p o t a s h , e i t he r cold 
or h o t . T h e c o m b i n a t i o n seems t o t a k e p lace o n l y i n t h e p r o p o r t i o n of 2 K O H : T e O 2 , 
so t h a t if m o r e t h a n t h i s p r o p o r t i o n of t e l l u r i u m d iox ide b e p r e sen t , s o m e will r e m a i n 
und i s so lved . T e l l u r i u m d i o x i d e dissolves in h o t soln . of p o t a s s i u m c a r b o n a t e , 
a l t h o u g h n o t so r e a d i l y a s i n p o t a s s i u m h y d r o x i d e . T h e a c t i o n of a lcohol o n 
p o t a s s i u m t e l l u r i t e r e sembles i t s a c t i o n o n t h e s o d i u m sa l t (q.v.). If m o l a r p r o ­
p o r t i o n s of t h e c o m p o n e n t s b e fused t o g e t h e r , p o t a s s i u m pyrote l lur i te , K 2 T e 2 O 3 , 
is fo rmed a s a colour less , t r a n s l u c e n t , c rys t a l l i ne m a s s ; w h e n h e a t e d i n a i r b e t w e e n 
460° a n d 470°, 26-88 p e r c e n t , w a s c o n v e r t e d i n t o t e l l u r i t e i n 10 h r s . , a n d 99-47 p e r 
cen t , i n 57 h r s . A t a r a t h e r h i g h e r t e m p . , t h e t e l l u r a t e loses o x y g e n a n d is r e d u c e d 
t o t e l lu r i t e , so t h a t b e t w e e n 450° a n d r e d - h e a t , t h e r e is t h e revers ib le r e a c t i o n 
2 K 2 T e O 3 - j - 0 2 ^ 2 K 2 T e O 4 . T h e a q . so ln . is r e so lved b y cold w a t e r i n t o t h e n o r m a l 
t e l l u r i t e w h i c h dissolves , a n d h y d r o p y r o t e l l u r i t e w h i c h r e m a i n s und i s so lved . Boi l ing 
w a t e r d issolves i t comple t e ly , b u t on cool ing depos i t s g r a in s of t h e h y d r o p y r o ­
t e l l u r i t e ; if t h e h o t w a t e r a lso ho lds p y r o t e l l u r i t e i n soln. , t h e l i q u i d w h e n e v a p o ­
r a t e d on t h e w a t e r - b a t h depos i t s t h e p y r o t e l l u r i t e a s a h a r d , c rys t a l l ine mass . 
If p o w d e r e d t e l l u rous ac id b e bo i led w i t h a soln . of p o t a s s i u m c a r b o n a t e , t h e ho t , 
filtered l i q u i d depos i t s p o t a s s i u m hydropyrote l lur i te , K H T e 2 O 5 - I i H 2 O , or 
p o t a s s i u m tetratel lurite , K 2 T e 4 0 9 . 4 H 2 0 , i n r e g u l a r s ix-s ided p r i s m s a n d p l a t e s ; t h e 
m o t h e r - l i q u i d y ie lds m o r e of t h e sa l t o n e v a p o r a t i o n a n d cool ing ; a n d t h e r e m a i n i n g 
l i q u i d c o n t a i n s t h e n o r m a l s a l t i n so ln . T h e a c t i o n of cold w a t e r a n d h e a t a r e t h e 
s a m e a s i n t h e case of t h e l i t h i u m sa l t (q.v.). V. L e n h e r a n d E . W o l e s e n s k y found 
t h a t t h e o x i d a t i o n of t h e p y r o - a n d t e t r a - t e l l u r i t e s i n a i r r e sembles t h e cases w i t h 
t h e c o r r e s p o n d i n g s o d i u m sa l t s . A c c o r d i n g t o I>. K le in , if a soln . of a mol of oxal ic 
ac id , a n d 2 m o l s of p o t a s s i u m t e l l u r i t e b e m i x e d , a n d t h e p r e c i p i t a t e be w a s h e d w i t h 
w a t e r , a n d d r i ed a t 100°, p o t a s s i u m hexate l lur i te , K 2 T e 6 O 1 3 . 2 H 2 O , is fo rmed as 
a w h i t e , a m o r p h o u s p o w d e r , w h i c h m e l t s a t a d u l l r e d - h e a t g iv ing off w a t e r . T h e 
h e a t e d s a l t m a y b l a c k e n o w i n g t o t h e r e d u c i n g a c t i o n of a t r a c e of oxal ic ac id . I t 
is n o t d e c o m p o s e d b y w a t e r i n w h i c h i t is s p a r i n g l y so luble . 

Acco rd ing t o J . J . Berze l ius , a s i sk in-green p r e c i p i t a t e of copper tel lurite is 
fo rmed b y d o u b l e d e c o m p o s i t i o n . I t is inso lub le in w a t e r ; t u r n s b lack a n d 
gives off w a t e r w h e n h e a t e d ; r e a d i l y fuses a n d solidifies on cool ing t o fo rm a b l ack 
m a s s w i t h a c o n c h o i d a l f r ac t ion . I t is r e d u c e d o n c h a r c o a l before t h e b low-pipe 
t o fo rm c o p p e r t e l lu r ide . P . E . B r o w n i n g a n d Gr. O. O b e r h e l m a n found t h a t b y 
e v a p o r a t i n g a n a m m o n i a c a l so ln . of t e l l u rous ac id c o n t a i n i n g some coppe r sa l t 
over s u l p h u r i c ac id i n t h e p re sence of soda- l ime , a m m o n i u m copper tel lurite , 
a p p r o x i m a t i n g 5 N H 3 . C u 0 . 9 T e 0 2 . 6 H 2 0 , is f o rmed ; t h e s a m e sa l t is o b t a i n e d b y 
m i x i n g s lowly w i t h c o n s t a n t s t i r r i n g a n a m m o n i a c a l soln . of t e l l u rous ac id a n d 
c o p p e r ch lo r i de . 

J . J . Berze l ius o b t a i n e d s i lver te l luri te , A g 2 T e O 3 , b y d o u b l e d e c o m p o s i t i o n — 
say f rom s o d i u m t e l l u r i t e a n d s i lver n i t r a t e . I t a p p e a r s a s a ye l lowish-whi te 
p r e c i p i t a t e , so lub le i n a m m o n i a . T h e a m m o n i a c a l soln. , o n e v a p o r a t i o n , y ie lds 
a bas ic sa l t . R . D . H a l l a n d V. Xienher s a i d t h a t t h e pa l e ye l low powder , d r ied 
a t 105°, is s t a b l e i n l i gh t . V . L e n h e r a n d E . W o l e s e n s k y f o u n d t h a t t h e p r ec ip i t a t e 
is pa le ye l low o n l y w h e n a n excess of s i lver n i t r a t e is u s e d ; if t h e s o d i u m te l lu r i t e 
is i n excess , t h e p r e c i p i t a t e i s w h i t e . W h e n dr ied , b o t h p rec ip i t a t e s a r e buff-
coloured, a n d h a v e t h e s a m e c o m p o s i t i o n , b u t o n s t a n d i n g , t h e one which was 
p r e c i p i t a t e d in p r e sence of a n excess of s i lver n i t r a t e beg ins t o t u r n d a r k in colour, 
a n d i n t h e cour se of a w e e k o r tyro c h a n g e s c o m p l e t e l y t o a d a r k b lu ish-grey 
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colour . Tlie o t h e r does n o t change , a n d h a s a c t u a l l y b e e n k e p t for t w e n t y m o n t h s 
w i t h o u t u n d e r g o i n g a n y modi f ica t ion . W h e n si lver t e l l u r i t e is h e a t e d t o 250° i t 
becomes deep b lue or pu rp l e in colour . T h i s c h a n g e t a k e s p lace w i t h o u t a n y c h a n g e 
in we igh t . On h e a t i n g sti l l h igher , t o 450° o r 500°, i t a g a i n changes t o a pa l e yel low. 
I n t h i s l a s t cond i t ion i t c an be cooled d o w n t o o r d i n a r y t e m p , u n c h a n g e d , p r o v i d e d 
i t is n o t d i s t u r b e d d u r i n g t h e cool ing. B u t if d u r i n g t h i s cooling, a n d whi l e i t is 
s t i l l q u i t e ho t , i t is d i s t u r b e d b y compress ion w i t h a g lass rod , t h e m a s s i m m e d i a t e l y 
changes t o t h e pu rp l e v a r i e t y . Aga in , w h e n freshly p r e c i p i t a t e d s i lver t e l lu r i t e i s 
t r e a t e d w i t h a m m o n i u m h y d r o x i d e i t d issolves i m m e d i a t e l y , a n d w h e n t h e soln . 
is a l lowed t o e v a p o r a t e s p o n t a n e o u s l y b rownish -ye l low c ry s t a l s depos i t . T h e s e 
c rys ta l s c o n t a i n n e i t h e r a m m o n i a n o r w a t e r , a n d can be h e a t e d t o 500° or h ighe r 
w i t h o u t a n y c h a n g e in we igh t . O n cooling, af ter be ing t h u s h e a t e d , t h e s e c rys t a l s 
aga in yie ld t h e o r d i n a r y pa le yel low si lver t e l lu r i t e . I t t h u s a p p e a r s t h a t s i lver 
t e l lu r i t e c a n ex is t in a n u m b e r of different va r i e t i e s . T h e f resh ly -prec ip i t a ted sa l t 
is soluble i n ace t i c a n d t a r t a r i c ac ids , a lso i n n i t r i c a n d s u l p h u r i c ac ids . H y d r o ­
chlor ic ac id decomposes i t w i t h t h e f o r m a t i o n of s i lver ch lor ide a n d t e l l u r ium 
t e t r a c h l o r i d e . I t is inso luble i n w a t e r . T h e p r e c i p i t a t e d t e l lu r i t e s h a v e l i t t l e 
t e n d e n c y t o a s s u m e t h e c rys ta l l ine s t a t e ; a n d n o c rys t a l l i za t ion w a s obse rved b y 
a l lowing p r e c i p i t a t e d s i lver t e l lu r i t e t o s t a n d in c o n t a c t w i t h a c i d u l a t e d -water. 
G. Rose o b t a i n e d w h a t is supposed t o h a v e been s i lver pyrotel lurite f rom a soln . 
of si lver t e l lu r ide in n i t r i c ac id . T h e smal l , a c u m i n a t e d s q u a r e p r i s m s h a v e a n 
a d a m a n t i n e lus t r e ; a n d a re inso lub le in w a t e r . 

J . J . Berzel ius o b t a i n e d c a l c i u m tel lurite , CaTeO 3 , b y h e a t i n g a m i x t u r e of 
e q u i m o l a r p a r t s of t h e c o m p o n e n t ox ides ; t h e m a s s does n o t fuse a t 960° ; b y 
t r e a t i n g a lka l i t e l l u r i t e soln. w i t h a ca lc ium sa l t , w h i t e flecks of ca l c ium te l lu r i t e 
a re formed, w h i c h a re s p a r i n g l y soluble in cold wa te r , a n d eas i ly soluble in h o t w a t e r . 
T h e e v a p o r a t i o n of t h e a q . soln. g ives a w h i t e e a r t h y p r o d u c t of hydro lys i s . 
S t r o n t i u m tel lurite, S rTeO 3 , was ob t a ined , l ikewise a lso bar ium tel lurite , B a T e O 3 . 
C. F . R a m m e l s b e r g also p r e p a r e d t h e b a r i u m sa l t . V. L e n h e r a n d E . W o l e s e n s k y 
found t h a t t h e wh i t e f locculent p r e c i p i t a t e is o b t a i n e d b y m i x i n g soln. of s o d i u m 
tellurite a n d b a r i u m chlor ide , b u t i t could n o t be o b t a i n e d in t h e c rys ta l l ine s t a t e . 
All t h e p rec ip i t a t e s , even t h o s e o b t a i n e d in di l . soln. , c o n t a i n e d chlor ine w h i c h cou ld 
n o t b e washed ou t . T h e ana lyses r a n g e d f rom 8 B a T e O 3 . 5 B a C l 2 . 4 H 2 O t o 
2 0 B a T c O 3 . J B a C l 2 . 2 0 H 2 O . If a m i x t u r e of t h e c o m p o n e n t ox ides in t h e theo re t i ca l 
p r o p o r t i o n s be h e a t e d t o redness , J . J . Berze l ius found t h a t c a l c i u m pyrotellurite;, 
C a T c 2 O 5 , is o b t a i n e d in micaceous scales ; a n d he f o u n d t h a t u n d e r a n a l o g o u s con -
d i t ions , u s ing t h e t heo re t i c a l p r o p o r t i o n s of t h e c o n s t i t u e n t s , b a r i u m tetratel lurite , 
B a T e 4 O 9 , cou ld be p r e p a r e d . T h e p r o d u c t a p p e a r s a s a t r a n s p a r e n t , colourless 
g lass . If a n a q . soln. of b a r i u m te l lu r i t e b e t r e a t e d w i t h di l . n i t r i c ac id , a 
v o l u m i n o u s p r ec ip i t a t e of t h e h y d r a t e , B a T e 4 O 9 - H 2 O , or b a r i u m hydropyroteUurite , 
B a ( H T e 2 O 5 J 2 , is fo rmed . I t dissolves i n an excess of w a r m n i t r i c acid, a n d on 
e v a p o r a t i o n of t h e soln. , t e l l u r i um d iox ide is first depos i t ed . 

A c c o r d i n g t o J . J . Berze l ius , w h i t e v o l u m i n o u s flakes of bery l l ium tel lurite a r e 
p r o d u c e d w h e n a soluble t e l lu r i t e is a d d e d t o a so ln . of a be ry l l i um sa l t ; a n d 
m a g n e s i u m tel lurite is f o rmed i n a n a n a l o g o u s w a y . V. L e n h e r a n d E . W o l e s e n s k y 
f o u n d t h a t t h e sa l t is t h e pentitaenneahydrate, 5 M g T e O 3 . 9 H 2 O ; a n d t h a t i t is on ly 
s p a r i n g l y soluble , b u t even t h e n i t is m u c h m o r e soluble t h a n t h e co r r e spond ing 
s a l t of t h e a lka l i ne e a r t h s . T h e p r e c i p i t a t e becomes g r a n u l a r w h e n a l lowed t o 
s t a n d i n c o n t a c t w i t h t h e m o t h e r - l i q u o r . I t does n o t v a r y i n compos i t i on w i t h 
t h e p r o p o r t i o n s of t h e sa l t s u sed in i t s f o rma t ion . W h e n h e a t e d a t different t e m p , 
t o a c o n s t a n t we igh t , t h e s e resu l t s , F i g . 4 1 , s h o w t h a t a t a b o u t 450°, t h e r e a r e t w o 
p h a s e s , be low t h a t t e m p , t h e p e n t i t a e n n e a h y d r a t e is s t ab le , a n d a b o v e t h a t t e m p . , 
t h e decitaenneahydrate, 10MgTeO 3 . 9H 2 O. J . J . Berze l ius o b t a i n e d a whi t e , flocculent 
p r e c i p i t a t e of z inc tel lurite b y d o u b l e decompos i t i on . A . O p p e n h e i m p r e p a r e d 
c a d m i u m tel luri te a s a w h i t e , ge l a t i nous p r e c i p i t a t e , b y a d d i n g s o d i u m te l lu r i t e t o 
a so ln . of c a d m i u m n i t r a t e . I t d issolves in n i t r i c ac id fo rming a colourless soln, , 

95 



T E L L U R I U M 8 1 

0-/5 

g 0-03 

/OOG 200* 300° <?000 500° 

F I G . 41 . Dehydrat ion Curve of 
Hycirated Magnesium Tellurite. 

and in hydroch lor ic ac id fo rming a yel low soln. V. L e n h e r a n d E . Wolesensky 
used soln. of c a d m i u m chlor ide a n d sod ium te l lu r i te . T h e p r ec ip i t a t e a p p r o x i m a t e s 
in compos i t ion t h e n o r m a l te l lu r i te , CdTeO 3 . J . J . Berzel ius o b t a i n e d mercuTOUS 
te l lu r i t e as a d a r k yel low p rec ip i t a t e which 
becomes b r o w n on exposure t o air , a n d forms 
m e r c u r i c tel lurite which is also o b t a i n e d b y 
double decompos i t ion of a soluble t e l lu r i t e a n d 
a mercur ic sa l t . 

J . J . Berzel ius r e p o r t e d a l u m i n i u m te l lurite 
to be formed as a whi t e , f locculent p rec ip i t a t e 
on a d d i n g sod ium te l lu r i t e t o a soln. of a n 
a l u m i n i u m sa l t ; i t is insoluble in a n excess of 
the a l u m i n i u m sa l t soln. H e also o b t a i n e d 
y t t r i u m t e l l u r i t e in a n ana logous m a n n e r ; a n d 
it is insoluble in a n excess of t h e y t t r i u m sa l t 
soln. W h i t e z i r c o n i u m tel lurite was o b t a i n e d 
in a n ana logous m a n n e r ; a n d l ikewise also 
t h o r i u m t e l l u r i t e . J . J . Berzel ius found t h a t a 
basic l ead t e l l u r i t e is p r ec ip i t a t ed b y t h e ac t ion of p o t a s s i u m te l lur i te on a soln. 
of lead a c e t a t e ; a n d a whi te , flocculent p r ec ip i t a t e of n o r m a l l ead te l lu r i te was 
also ob t a ined ; V. L e n h e r a n d E . Wolesensky m i x e d soln. of lead n i t r a t e a n d 
sod ium te l lur i te , a n d found t h a t t h e p rec ip i t a t e is t h e t r i t a d i h y d r a t e , 3 P b T e O 3 . 2 H 2 O . 
I t is soluble in ac ids , a n d when h e a t e d forms t h e yellow, a n h y d r o u s sa l t ; a n d 
i t mel t s t o form, on cooling, a t r a n s p a r e n t glass. I t is r educed t o te l lur ide when 
hea t ed wi th ca rbon . V. L e n h e r a n d E . Wolesensky found t h a t in air a t 440°--470° 
it oxidizes more slowly t h a n sod ium te l lu r i te . 

Accord ing t o W . A. A. P r a n d t l , if a hydroch lo r i c acid soln. of t e l lu rous acid be 
mixed wi th a soln. of s o d i u m v a n a d a t e , or if sod ium te l lur i te a n d v a n a d a t e be mixed 
wi th hydroch lor ic acid, an orange-yel low, a m o r p h o u s p r ec ip i t a t e is p roduced a n d 
i t r ap id ly dissolves if t h e l iquor is ac idic or a lka l ine ; b u t if n e u t r a l a h y d r a t e d 
s o d i u m t e l l u r i t o v a n a d a t e is formed. The p rec ip i t a t e is decomposed b y water , 
a n d v a n a d i c ac id passes i n t o soln. whiles t e l lu rous ac id r e m a i n s undisso lved . The 
composi t ion of t h e p r e c i p i t a t e var ies w i th t h e cone, of t h e v a n a d i c acid in t h e 
mother - l iquor . F r o m s t rong ly a lka l ine , ho t , cone. soln. of sod ium te l lu r i te a n d 
v a n a d a t e , w i t h t h e former in excess, wh i t e needles of a complex sa l t s e p a r a t e o u t 
as t h e l iquid cools. I t is comple te ly decomposed in to i t s c o m p o n e n t s when 
recrys ta l l iza t ion is a t t e m p t e d . C. J e n a t r e a t e d sod ium v a n a d a t e , in n e u t r a l or 
acidic soln., w i t h t e l l u r i um t e t r ach lo r ide , a n d ob t a ined a series of complex sa l t s . 
If t h e v a n a d a t e a n d t e l l u r i u m t e t r ach lo r i de in hydroch lor ic ac id soln. be in t h e 
p ropor t ion V 2 O 5 : T e 0 2 = 2 : 1, a n d t h e soln. neu t r a l i zed w i t h s o d i u m hydrox ide , 
the complex sodium tetravanadatopentatellurite, Na20.2V2O5 .5TeO2 .2H2O, is 
formed ; if in the proportion 1 : 1 , the complex sodium tetravanadatohexatellurite, 
N a 2 0 . 2 V 2 O 5 . 6 T e O 2 . 1 2 H 2 O , w h e n dr ied a t 100° t h e dihydrate is formed, a n d when 
dr ied over su lphur ic ac id in vacuo , t h e trihydrate ; a n d if t h e p ropor t ion be 1 : 5, 
sodium tetravanadatodecatellurite, Na2O*.2V2O5.10TeO2.3H2O, is formed. By 
working in a lka l ine soln., w i t h 20 gr ins , of t e l lu r ium dioxide a n d 2 grins, of v a n a ­
d ium p e n t o x i d e a n d t h e m i x t u r e neu t ra l i zed w i t h sod ium hydrox ide , s o d i u m 
h e x a v a n a d a t o t e l l u r i t e , N a 2 T e O 3 . 6 N a 3 V O 4 . 2 0 H 2 O , is formed ; wi th 40 grins, of 
t e l lu r ium d iox ide a n d 5 g r m s . of v a n a d i u m p e n t o x i d e , s o d i u m d i v a n a d a t o p e n t a -
t e l lu r i t e , 5 N a 2 T e O 3 . 2 N a 3 V 0 4 . 5 2 H 2 0 , is fo rmed ; t h e cone, of t h e mothe r -
liquor yields what is supposed to be a mixture of sodium divanadatotetra-
tellurite, 4Na 2TeO 3 .2Na 3V0 4 .48H 20, and of sodium divanadatotritellurite, 
3Na 2Te0 3 .2Na 3V0 4 .44H 20. 

J . J . Berzel ius p r e p a r e d c h r o m i u m tel lurite, a s a pa le greyish-green prec ip i ta te , 
by a d d i n g a soluble t e l lu r i t e t o a soln. of a ch romic sa l t ; i t is soluble in an excess 
of t h e l a t t e r . O. W , Gibbs m a d e some p r e l i m i n a r y obse rva t ions on t h e t e l l u r i t e* 

VOT,. xr . a 
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molybdates ana logous t o t h e s e l enomolybda te s ; a n d o n t h e te l lur i totungstates 
ana logous t o t h e s e l en i to tungs t a t e s . Acco rd ing t o D . Kle in , t e l lu rous ac id dis­
solves r ead i ly i n soln. of sod ium, a m m o n i u m , or p o t a s s i u m p a r a t u n g s t a t e , y ie ld ing 
in t h e first case micaceous c rys t a l s a n d a dense mo the r - l i quo r . Th i s m o t h e r - l i q u o r 
g ives no p rec ip i t a t e w i t h hydroch lo r i c ac id in t h e cold, a n d is o n l y d e c o m p o s e d 
af ter severa l successive e v a p o r a t i o n s t o d r y n e s s w i t h t h i s ac id . T h e m o t h e r - l i q u o r 
con ta in s t e l lu rous acid, wh ich is p r e c i p i t a t e d o n l y b y s u l p h u r o u s ac id or s o d i u m 
h y d r o s u l p h i t e in t h e cold, af ter t h e a d d i t i o n of hydroch lo r i c ac id . T h e ac t i on of 
t e l lu rous ac id on a m m o n i u m or p o t a s s i u m p a r a t u n g s t a t e y ie lds n o c rys ta l l ine 
p r o d u c t s , b u t on ly a p u l v e r u l e n t depos i t , wh ich c o n t a i n s t u n g s t i c a n d t e l lu rous 
ac ids , a n d b e h a v e s l ike a t u n g s t o t e l l u r i t e . J . J . Berze l ius o b t a i n e d b y doub l e 
decompos i t ion pa le lemon-yel low, insoluble urany l tel lurite . 

J . J . Berzel ius , a n d V. L e n h e r a n d E . W o l e s e n s k y o b t a i n e d a w h i t e or f a in t ly p i n k , 
flocculent p r ec ip i t a t e of m a n g a n e s e tel lurite , b y m i x i n g s o d i u m te l lu r i t e w i t h a soln. 
of m a n g a n e s e chlor ide . T h e sa l t is v e r y u n s t a b l e . On s t a n d i n g , t h e colour g r a d u a l l y 
changes t o a deep choco la t e -b rown . T h e c h a n g e t a k e s p lace m o r e r a p i d l y w h e n t h e 
m i x t u r e is b r o u g h t i n t o d i r ec t c o n t a c t w i t h air . Th i s c h a n g e is d u e t o o x i d a t i o n 
of t h e m a n g a n e s e t o t h e t e r v a l e n t s t a t e . W h e n t h e chocola te -co loured s u b s t a n c e 
is t r e a t e d w i t h hydroch lo r i c ac id , a d a r k , g reen i sh -b rown soln. of m a n g a n i c chlor ide 
is formed. Th is colour is d i scharged b y d i l u t i n g t h e soln. w i t h wa te r , or b y boi l ing ; 
in t h e l a t t e r case ch lor ine is evo lved . If t h e p r e c i p i t a t i o n is ca r r ied o u t w i t h soln. 
wh ich h a v e been p rev ious ly t h o r o u g h l y boi led t o expe l t h e air , t h e p r e c i p i t a t e is 
per fec t ly whi t e , a n d r e m a i n s so a s long as c o n t a c t w i t h a i r is avo ided . T h e freshly-
p r e c i p i t a t e d m a n g a n e s e t e l l u r i t e is m o r e sens i t ive t o o x i d a t i o n t h a n w h e n i t h a s 
s tood some t i m e . J . J . Berze l ius o b t a i n e d b y doub le decompos i t ion ferrous tel lurite 
in ye l lowish-grey flakes ; a n d ferric tel lurite i n yel low flakes. E . S. D a n a a n d 
H . L . Wel ls found greenish-yel low masses or smal l m a m i l l a r y fo rms of a m i n e r a l 
in t h e E l P l o m b o m i n e , Teguciga lpa , H o n d u r a s ; a n d i t was n a m e d durdeni te— 
after H . S. D u r d e n . The ana lys i s co r responds w i t h t h e tetrahydrate, F e 2 ( T e O s ) 3 ^ H 2 O . 
T h e h a r d n e s s is 2*0 t o 2-5. W . F . H i l l e b r a n d a lso desc r ibed a ye l lowish-green 
h y d r a t e d ferric t e l lu r i t e f rom T o m b s t o n e , Ar izona , wh ich occurs in t h i n scales , 
p r o b a b l y monocl in ic . T h e (OlO)-cleavage is perfect . T h e m i n e r a l w a s cal led 
e m m o n s i t e — a f t e r S. F . E m m o n s . I t s e x a c t compos i t i on is u n k n o w n . T h e r a t i o s 
F e 2 O 3 : T e O 2 : H 2 O a r e 3-16 : 1 : 1*77. T h e h a r d n e s s is a b o u t 5 . Cobalt tel lurite 
is a d a r k p u r p l e p r e c i p i t a t e ; V. L e n h e r a n d E . W o l e s e n s k y found t h a t t h e 
p r ec ip i t a t e is monohydrated, CoTeO 3 -H 2 O, a n d m e l t s b e t w e e n 300° a n d 400° w i t h o u t 
c h a n g i n g colour, b u t w i t h t h e loss of i t s w a t e r of c rys ta l l i za t ion . J . J . Berzel ius 
o b t a i n e d b y doub le decompos i t ion n i cke l tel lurite in pa le g reen i sh-whi te flakes. 
V. L e n h e r a n d E . Wole sensky found t h a t t h e p r ec ip i t a t e is monohydrated, 
N i T e O 3 - H 2 O , a n d w h e n hea t ed , loses w a t e r a n d t u r n s l igh t b r o w n . 
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§ 10. Tellurium Trioxide and the Telluric Acids 
J . J . B e r z e l i u s * s a i d t h a t w h e n t e l l u r i c a c i d i s h e a t e d a b o v e 3 6 0 ° , b u t n o t t o 

a r e d - h e a t , t e l l u r i u m t r i o x i d e , T e O 3 , r e m a i n s . I f t h e t e m p , b e t o o h i g h , t h e t r i o x i d e 
d e c o m p o s e s i n t o t h e d i o x i d e , w h e n t h e p r o d u c t i n s t e a d of b e i n g o r a n g e - y e l l o w i s 
w h i t e . I f t e l l u r i u m d i o x i d e h a s b e e n f o r m e d , i t c a n b e d i s s o l v e d o u t b y m e a n s of 
h y d r o c h l o r i c a c i d . JL. S t a u d e n m a i e r s a i d t h a t t h e l a s t t r a c e s of w a t e r a r e g i v e n off 
v e r y s l o w l y . T e l l u r i u m t r i o x i d e o b t a i n e d i n t h i s w a y i s o r a n g e - y e l l o w , a n d t h e 
g r a n u l e s r e t a i n t h e f o r m of t h e c r y s t a l s of o r t h o t e l l u r i c a c i d f r o m w h i c h i t w a s 
d e r i v e d . F . W . C l a r k e s a i d t h a t t h e s p . g r . i s 5 -07 a t 14 -5° ; 5 - 0 8 a t 1 0 - 5 ° ; a n d 5 -11 
a t 1 1 ° . I t d e c o m p o s e s w h e n h e a t e d t o d u l l r e d n e s s , t h e m . p . of t e l l u r i u m d i o x i d e , 
g i v i n g off o x y g e n a n d f o r m i n g t h e d i o x i d e . T h e t r i o x i d e i s i n s o l u b l e i n c o l d a n d h o t 
w a t e r ; c o l d h y d r o c h l o r i c a c i d , h o t n i t r i c a c i d , a n d m o d e r a t e l y c o n e , p o t a s h - l y e 
a r e w i t h o u t a c t i o n ; h o t , c o n e , h y d r o c h l o r i c a c i d d e c o m p o s e s i t w i t h t h e e v o l u t i o n of 
c h l o r i n e ; a n d v e r y c o n e , h o t p o t a s h - l y e d i s s o l v e s i t w i t h t h e f o r m a t i o n of t e l l u r a t e s . 

T h e t e l l u r i u m i n t h e t r i o x i d e i s p r o b a b l y s e x i v a l e n t l i k e s u l p h u r i n s u l p h u r 
t r i o x i d e . T h e h y d r a t e , T e O 2 . 3 H 2 O , s o m e t i m e s r e g a r d e d a s dihydrated telluric acid, 
H 2 T e O 4 . 2 H 2 O , b e h a v e s a s if i t w e r e o r t h o t e l l u r i c a c i d , H 6 T e O 6 ; w h i l e t h e h y d r a t e , 
T e O 2 - H 2 O , g e n e r a l l y c a l l e d t e l l u r i c a c i d , H 2 T e O 4 , i s m e t a t e l l u r i c a c i d . T h i s a c i d 
a p p e a r s a s t h e dihydrate—i.e. o r t h o t e l l u r i c a c i d — a n d t h e hexahydrate, H 2 T e O 4 - G H 2 O . 
F . C. M a t h e r s a n d F . V . G r a h a m o b t a i n e d t e l l u r i c a c i d b y t h e a c t i o n of s u l p h u r i c 
a c i d o n l e a d t e l l u r a t e ; a n d F . C M a t h e r s a n d G . M . B r a d b u r y , b y t h e a c t i o n of 
c o n e , n i t r i c a c i d o n c a l c i u m t e l l u r a t e . T h i s l a t t e r m a y b e t h e tetrahydraie of 
orthotelluric acid, H 2 T e O 2 . 4 H 2 O . F . M y l i u s o b t a i n e d t h e f o l l o w i n g r e s u l t s f o r t h e 
p e r c e n t a g e s o l u b i l i t y , S : 

13-92 
5° 

1 7 - 8 4 
10° 

26-21 
15° 

32-79 
10° 

25-29 
30° 

33-36 
60° 

43 67 
ioo° 

6O-8 4 
100° 

c. 67 
H 2 T e O ^ e H 9 O H 2 T e O . . 2 H 2 O Solid phase 

T h e s o l u b i l i t y e x p r e s s e d i n m o l s . of H 2 T e O 4 p e r 1 0 0 m o l s . of w a t e r i s i l l u s t r a t e d b y 
F i g . 3 9 . T h e r e i s a t r a n s i t i o n t e m p , a t 1 0 ° ; a n d t h e e u t e c t i c t e m p , i s a t — 1 - 5 ° , 
a l t h o u g h t h e h e x a h y d r a t e i s r e a d i l y u n d e r c o o l e d t o — 8 ° . L». S t a u d e n m a i e r , a n d 
F . M y l i u s f o u n d t h a t t h e c r y s t a l s of t h e h e x a h y d r a t e r e s e m b l e t h o s e of p o t a s s i u m 
d i h y d r o p h o s p h a t e , a n d b e l o n g t o t h e t e t r a g o n a l s y s t e m . T h e y ef f loresce w h e n 
d r i e d b e t w e e n f i l t e r - p a p e r , a n d p a s s i n t o t h e o r t h o t e l l u r i c a c i d b y t h e h e a t of t h e 
h a n d . H . H e m y d i s c u s s e d t h e s t r u c t u r e of o r t h o ­
t e l l u r i c a c i d , H ^ T e O 6 . 

T h e e q u i l i b r i u m c o n d i t i o n s of o r t h o t e l l u r i c a c i d , 
H 6 T e O 6 , o r H 2 T e O 4 . 2 H 2 O , a r e i n d i c a t e d i n F i g . 4 2 ; 
a n d t h e a c i d i s o b t a i n e d b y t h e s p o n t a n e o u s c r y s t a l ­
l i z a t i o n of a q . s o l n . T h e a q . s o l n . w a s p r e p a r e d b y 
J . J . B e r z e l i u s , H . L . W e l l s , a n d B . B r a u n e r b y d i s ­
s o l v i n g t e l l u r i u m i n a q u a r e g i a . A . M a i l f e r t o b t a i n e d 
t h e a c i d b y o x i d i z i n g t e l l u r i u m w i t h o z o n e i n t h e 
p r e s e n c e of m o i s t u r e ; A . G u t b i e r a n d F . R e s e n -
s c h e c k , b y o x i d i z i n g t e l l u r i u m i n a l k a l i n e s o l n . b y 
h y d r o g e n d i o x i d e . A . G u t b i e r a n d W . W a g e n k n e c h t 
s a i d t h a t p o t a s s i u m t e l l u r a t e i s p r o d u c e d w h e n a 
15 p e r c e n t . s o l n . of h y d r o g e n d i o x i d e a c t s o n a 
m i x t u r e of p o t a s s i u m h y d r o x i d e a n d t e l l u r i u m d i o x i d e 
a t 60°—70°. W h e n t h e s o l n . i s a c i d i f i e d b y s u l p h u r i c 
a c i d , t e l l u r i c a c i d i s p r e c i p i t a t e d a n d m a y b e o b t a i n e d 
f ree f r o m p o t a s s i u m s a l t s . S o d i u m h y d r o x i d e s o l n . 
m a y b e s u b s t i t u t e d f o r p o t a s s i u m h y d r o x i d e . F . B e c k e r o x i d i z e d t e l l u r i u m 
d i o x i d e w i t h l e a d d i o x i d e i n n i t r i c a c i d s o l n . T h e l e a d i s a f t e r w a r d s r e m o v e d 
b y s u l p h u r i c a c i d , b u t , a d d e d L . S t a u d e n m a i e r , i t i s d i f f i cu l t t o f r ee t h e t e l l u r i c 
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ac id f rom lead a n d su lphur ic ac id . J . J . Berze l ius ox id ized t e l l u r i u m d iox ide 
t o t h e t r i ox ide b y fusion wi th a lka l i n i t r a t e s ; A. O p p e n h e i m , b y fusion w i t h 
p o t a s s i u m ch lo ra t e ; J . J.. Berzel ius , a n d P . E . B r o w n i n g a n d H . I ) . Minnig , b y t h e 
ac t i on of chlor ine ; L . S t a u d e n m a i e r , b y t h e ac t i on of b r o m i n e on silver t e l l u r i t e : 
A g 2 T e O 3 + B r 2 + H 2 O = H 2 T e O 4 + 2 A g B r ; B . B r a u n e r , b y t h e a c t i o n of iod ine i n 
a lka l ine soln. ; B . B r a u n e r , b y t h e a c t i o n of c h r o m i c ac id i n hydroch lo r i c or 
su lphur i c ac id soln. ; L*. S t a u d e n m a i e r , b y t h e ac t i on of ch romic ac id in n i t r i c ac id 
soln. 

Tbe soln. of t h e c l e m e n t in aqua regia is freed, from nitric acid b y evaporat ion w i th an 
excess of hydrochloric acid. The soln. is d i luted, filtered, and the tel lurium precipitated 
b y sodium bisulphite, a n d wel l washed wi th hot water. The mois t te l lurium is ox idized 
w i t h nitric acid, and the resul t ing basic ni trate purified b y recrystal l ization T h e basic 
nitrate is covered w i t h several t i m e s i ts bulk of dil. nitric acid, a n d chromic anhydride 
s l ight ly in excess of t h a t required b y the e q u a t i o n : 3TeOa4-2CrO8-+-3H^O = 3M 2 TeO 4 
4-Cr2O8 i s added . The liquid is bo i led and t h e n evaporated unt i l a crust forms on t h e sur­
face. T h e crysta ls are removed from the cold soln. and t h e lat ter aga in evaporated. T h e 
operat ion is cont inued as long as telluric ac id separates from the mother l iquid. T h e acid 
is dissolved, in hot water—if a whi te residue remains undissolved chromic anhydride 
insufficient to oxidize the te l lurium dioxide is used. The acid m u s t n o w be recrystallized 
a n u m b e r of t imes in order to remove the chromium nitrate. The yield, is about 80 per 
cent . 

A. G u t b i e r and F . F l u r y found t h a t w h e n te l lur ic ac id is p r e p a r e d b y ox id iz ing 
a n i t r i c ac id soln. of t e l lu r ium d iox ide w i t h c h r o m i c acid, d a r k p u r p l e c rys ta l s of 
h y d r a t e d ch romic n i t r a t e , C r ( N O s ) 3 ^ H 2 O , s e p a r a t e if t o o m u c h c h r o m i c ac id is 
u sed a n d t h e y con t a in a v e r y sma l l q u a n t i t y of t e l lu r ic ac id or t e l l u r i u m n i t r a t e . 
T o ob ta in p u r e te l lur ic ac id , i t is necessa ry t o a v o i d excess of c h r o m i c ac id ; t h e 
te l lur ic acid so o b t a i n e d is qu i t e colourless . Tel luric ac id shou ld n o t be s e p a r a t e d 
f rom a soln. c o n t a i n i n g su lphur ic acid, for t h e solid s u b s t a n c e r e t a i n s t h i s ac id w i t h 
g r e a t t e n a c i t y . J . Meyer a n d H . Moldenhaue r o b t a i n e d o r tho te l lu r i c ac id a s a 
c rys ta l l ine , snow-whi t e powder , r e ad i l y soluble in wa te r , b y oxid iz ing t e l l u r i u m 
t e t r a c h l o r i d e w i t h chlor ic ac id in t h e following manner : 

Tel lurium (IO grms.) is boiled, -with 10 c.c. of nitric ac id and 3 c.c. of hydrochloric acid 
unt i l comple te ly dissolved. To t h e h o t soln. is added gradually a cone. soln. of 9 grms. 
of chloric acid a n d the soln. is boi led unt i l no more chlorine is evo lved . A s l ight excess of 
chloric ac id is added t o a v o i d formation of a n y explos ive chlorine oxide . The soln. is 
filtered through asbestos and concentrated b y dist i l lat ion in a v a c u u m o n the water-bath , 
thereby removing chlorine. The telluric acid can be crystallized, o u t b y the addi t ion of 
cone, nitric acid., col lected, a n d finally freed, from chlorine and. ni trogen oxides b y drying 
in vacuo . 

J . Meyer a n d W . F r a n k e modified t h i s process . B . B r a u n e r o b t a i n e d te l lur ic ac id b y 
t h e a c t i o n of p o t a s s i u m p e r m a n g a n a t e in acidic or a lka l ine so ln . ; a n d K . B . Heber l e in , 
b y t h e anod ic ox ida t i on of a soln. of t e l l u r i um d iox ide in n i t r i c acid . P . ill. B r o w n i n g 
a n d H . D . Minnig t e s t e d if al l t h e t e l l u rous ac id h a s heen oxid ized to te l lur ic ac id 
b y m a k i n g t h e soln. a lka l ine , a n d acidifying w i th ace t ic acid . If t h e soln. r e m a i n s 
clear t h e o x i d a t i o n t o te l lur ic ac id is comple t e . S. Ghosh a n d N . H . D h a r , a n d 
W . v o n B e h r e n a n d J . T r a u b e s t u d i e d t h e colloidal soln. of te l lur ic ac id . 

T h e colourless crystals of o r tho te l lu r i c ac id were a n a l y z e d b y L . S t a u d e n m a i e r , 
a n d A. Gu tb i e r . T h e y occur i n t w o fo rms—cub ic a n d monoc l in i c . If a h o t a q . 
soln . of o r tho te l lu r i c ac id be m i x e d w i t h n i t r i c ac id a m i x t u r e of b o t h forms of 
c ry s t a l s is o b t a i n e d . J . J . Berze l ius descr ibed t h e c rys t a l s fo rmed b y t h e 
s p o n t a n e o u s e v a p o r a t i o n of t h e a q . soln. a s colourless, f la t tened , s ix-s ided p r i s m s 
w i t h v e r y o b t u s e s u m m i t s , a n d of ten s t r i a t e d l o n g i t u d i n a l l y ; a n d if t h e y s e p a r a t e 
f rom a soln . c o n t a i n i n g su lphu r i c ac id , or f rom a w a r m , cone , soln. , t h e y a re sa id t o 
b e s h o r t e igh t - s ided p r i s m s . W . M u t h m a n n , a n d O. B r u n c k , a n d A. G u t b i e r t h o u g h t 
t h e s e c ry s t a l s were t r i gona l . T h e c rys t a l s were also s t u d i e d b y A. O p p e n h e i m , 
L«. F i n c k h , a n d A. H a n d l . B . Gossner o b t a i n e d t h e monoc l in ic c rys t a l s b y t h e s low 
e v a p o r a t i o n of t h e a q . soln. , o r b y cool ing a w a r m , di l . n i t r i c ac id . so ln . , a n d f o u n d 
t h e a x i a l r a t i o s t o b e a : b : c = O 6 1 0 4 : 1 : 0-5206, a n d £ = 1 0 4 ° 3 0 ' . T w i n n i n g , 
a n d t r i l l ing occur a b o u t t h e (HO)-p l ane ; a n d four l ings w e r e a lso o b s e r v e d . T h e 
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(OlO)-cleavage is c lear . T h e opt ical Character is pos i t ive ; a n d t h e opt ic axia l 
a n g l e 2 F = 4 7 ° 3 0 ' . T h e cub ic c rys t a l s were o b s e r v e d b y J . W . R e t g e r s , a n d 
L . S t a u d e n m a i e r . B . Gossner o b t a i n e d t h e cub ic fo rms in smal l s ing ly re f rac t ing 
o c t a h e d r a f rom a soln . of te l lur ic ac id i n h o t n i t r i c ac id of sp . g r . 1-32. T h e y a r e 
a c c o m p a n i e d b y some monoc l in i c crystals*—but t h e p r o p o r t i o n of t h e s e decreases 
wi th t h e inc reas ing cone , u n t i l finally o n l y t h e cub ic fo rm a p p e a r s . L . M. K i r k -
p a t r i c k a n d L . P a u l i n g found t h a t t h e X - r a d i o g r a m of t h e o c t a h e d r a l c ry s t a l s 
co r r e sponds w i th a face-cent red , cub ic l a t t i ce , w i t h edge 15*48 A. A t r a n s f o r m a ­
t ion of monoc l in ic t o cub ic c rys t a l s w a s n o t o b s e r v e d a t t e m p , u p t o 130° ; b u t 
t h e reverse t r a n s f o r m a t i o n h a s been r e p o r t e d . P . Niggli d iscussed t h e e l e c t ron ic 
Structure of t h e t e l lu ra te s . 

F . W . Clark gave for t h e specific gravi ty of o r d i n a r y o r tho te l l u r i c ac id , 3-00 a t 
25-5°; 2-965 a t 26-5°. B . Gossner g a v e for t h e m o n o c l i n i c c r y s t a l s 3-071, a n d for 
t h e cubic c rys t a l s 3*053. O b s e r v a t i o n s o n t h e f .p . a n d b . p . of a q . soln , of t e l lu r ic 
ac id ag ree w i t h m e a s u r e m e n t s of t h e e lec t r i ca l c o n d u c t i v i t y . I r r e g u l a r i t i e s 
in t h e b . p . m e a s u r e m e n t s i n d i c a t e t h e f o r m a t i o n of s o m e col loidal t e l lu r ic ac id . 
T h e a b n o r m a l l y la rge v a l u e s for t h e t e m p . coeff. of t h e c o n d u c t i v i t y s h o w t h a t t h e 
c o m p l e x i t y of t h e so lu te c h a n g e s w i t h r ise of t e m p . , so t h a t t h e m o r e c o m p l e x 
modi f i ca t ion wh ich fo rms a t t h e h igher t e m p , is m o r e s t r o n g l y ion ized . -4Z£otelluric 
ac id r ep re sen t s such a modi f ica t ion w i t h a h igh c o n d u c t i v i t y . T h e fall i n t h e 
c o n d u c t i v i t y of soln . of t e l lu r ic ac id a t 25° c o n t i n u e s u n t i l t h e v a l u e is c h a r a c t e r i s t i c 
of t h e c rys ta l l ized ac id . T h e d e p o l y m e r i z a t i o n is a lso s h o w n b y t h e t u r b i d i t y 
i n d i c a t i n g t h e f o r m a t i o n of a colloidal , inso luble modi f ica t ion . ^LZZotelluric ac id is 
the re fore supposed t o b e n o t h o m o g e n e o u s , b u t r a t h e r a m i x t u r e of p o l y m e r i z e d 
forms differing in c o m p l e x i t y . J . O. P e r r i n e obse rved n o u l t r a -v io l e t f luorescence 
w h e n te l lur ic ac id c rys t a l s a re e x p o s e d t o X - r a y s for 5 h r s . S. G h o s h a n d N . H . I>har 
s tud ied t h e v i s cos i ty of colloidal soln. of te l lur ic ac id . 

Accord ing t o J . J . Rerze l ius , t h e a c t i o n of h e a t on o r tho te l lu r i c acid is such t h a t 
i t loses n o w a t e r a t 100° ; a n d , accord ing t o L . S t a u d e n m a i e r , n o n e a t 90° ; b u t 
P . K o t h n e r sa id t h a t t h e ac id loses some w a t e r w h e n i t is d r ied o n t h e w a t e r - b a t h 
a t 10G°. J . J . Berze l ius sa id t h a t 2 mols . of w a t e r a r e los t a t 160°, a n d L . S t a u d e n ­
maier , 2 mols . a t 140°. A. G u t b i e r found t h a t w h e n t h e ac id is h e a t e d for half a n 
hour a t 110°—115°, i t loses 8*00 pe r cen t , of w a t e r — o n e inol is eq . t o 7-84 p e r cen t . ; 
a n d in 2 h r s . a t t h i s t e m p . 9*14 pe r cen t , of w a t e r is los t ; w h e n h e a t e d a t 145°, 
un t i l i t s we igh t is c o n s t a n t , t h e ac id loses 13-20 pe r cen t . ; 17-01 p e r cen t , a t 170° ; 
a n d w h e n h e a t e d over t h e b u n s e n f lame, 30-50 pe r cen t , is lost . Th i s co r r e sponds 
wi th t h e t r a n s f o r m a t i o n of o r tho te l lu r i c ac id t o t e l l u r i u m d iox ide . A. G u t b i e r 
found t h a t t h e l o w e r i n g of t h e freezing: point of w a t e r b y t h e soln. of 0-3242 g r m . of 
tel luric acid in 20-1388 g r m s . of so lven t is 0-14O0, so t h a t t h e inol . w t . of t h e acid 
is 218*5. T h e t heo re t i c a l v a l u e for H 6 T e O 6 is 229 , a n d for H 2 T e O 4 , 193*6. F r o m 
(i) t h e lower ing of t h e f .p. of aq . soln. ; (ii) t h e b e h a v i o u r of t h e ac id w h e n h e a t e d ; 
(Hi) t h e r e a d y p a s s a g e of t h e h y d r a t e H 2 T e O 4 . 6 H 2 O or H 6 T e 0 6 . 3 H 2 0 i n t o H 6 T e O 0 ; 
and (iv) t h e fac t t h a t un l ike ac ids of t h e t y p e H 6 T e O 4 , t e l lur ic ac id i t is n o t esterifi-
able, A. G u t b i e r inferred t h a t b o t h mols . of w a t e r in t h e h y d r a t e H 2 T e O 4 ^ I X 2 O 
are c o n s t i t u t i o n a l so t h a t t h e fo rmu la is H 6 T e O 6 , o r T e ( O H ) 6 . T h e p o w d e r e d acid 
was found b y L . S t a u d e n m a i e r , a n d P . K o t h n e r t o lose n o w a t e r over p h o s p h o r u s 
pen tox ide in v a c u o . W . G. Mix te r g a v e for t h e h e a t of f o r m a t i o n ( T e , 3 0 ) = 8 C - 6 
CaI8. Accord ing t o R . Metzner , t h e h e a t of so lu t ion of t h e o r tho-ac id is —3*3o 
CaIs. ; b u t t h e h e a t s of soln. of t h e m e t a - a c i d , a n d of t h e a n h y d r i d e cou ld n o t be 
de te rmined . A. G u t b i e r f o u n d t h e h e a t of neutra l i za t ion pe r niol is 13-38 CaIs. 
J?. U r b a n a n d V. W . Meloche u sed t h e re f rac torne te r for m e a s u r i n g t h e c o n c e n t r a t i o n 
of soln. of te l lur ic ac id . H . Nisi s t u d i e d t h e R a m a n effect w i t h t h e t e l lu ra t e s . 

A. R o s e n h e i m a n d G. J a n d e r found t h e mol . e lectr ical conduct iv i ty , /x , of a q . 
soln. con t a in ing a m o l of H 2 T e O 4 i n v l i t res of w a t e r a t 25° t o b e : 

° 4 8 16 32 64 128 256 513 1024 
M 0*1902 0*1984 0*2029 0*2119 0*2245 0*2611 0-3131 0-446O 0*6913 
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M e a s u r e m e n t s of t h e H-ion c o n c e n t r a t i o n of t h e n o r m a l ac id g a v e [ H " ] = 4 : X l O ~ B 

gram- ion per l i t re a t 25°. A s s u m i n g t h a t t h e ac id ionizes in accord w i t h H 6 T e O 6 
= H * + H 5 T e O 6 ' , t h i s gives Z = = l - 6 x l 0 ~ 4 for t h e ion iza t ion c o n s t a n t . H e n c e , 
o r tho te lh i r i c acid is a v e r y w e a k ac id a p p r o x i m a t i n g bor ic a n d h y d r o c y a n i c ac ids . 
Th i s is in a g r e e m e n t w i t h t h e low va lues for t h e mo l . c o n d u c t i v i t y . A . Mio la t i 
and E . Masce t t i also followed t h e c o n d u c t i v i t y of t h e ac id whi le be ing t r e a t e d w i t h 
progress ive a d d i t i o n s of sod ium h y d r o x i d e . M e a s u r e m e n t s w e r e also m a d e b y 
A. Gutb ie r . E . B l anc o b t a i n e d for t h e i on iza t ion c o n s t a n t s /T 1 = GxIO-" 7 , a n d 
K2 — 4: X 1 O - 1 1 . As J . J . Berze l ius showed , te l lur ic ac id is a feeble ac id for i t r e d d e n s 
blue l i t m u s v e r y feebly ; and A. G u t b i e r sa id t h a t i t s ac idi ty is a b o u t t h e s a m e o rde r 
as t h a t of h y d r o g e n su lph ide or cyan ide . K . B . Heber l e in , a n d A. G u t b i e r said 
t h a t te l lur ic acid is so w e a k a n acid t h a t i t c a n n o t be t i t r a t e d in t h e o r d i n a r y w a y , b u t 
wi th p h e n o l p h t h a l e i n in t h e presence of glycerol , K . B . H e b e r l e i n sa id t h a t i t c a n 
b e t i t r a t e d w i t h sod ium or p o t a s s i u m h y d r o x i d e soln. D . D . K a r v e sa id t h a t o r d i n a r y 
te l lur ic acid is inac t ive t o w a r d s e thy l d i a z o a c e t a t e , a n d t h e ind ica to r d i m e t h y l -
aminoazobenzene , a n d hence possesses t h e fo rmu la of a t r u e acid, T e ( O H ) 6 ; allo-
te l lur ic ac id is also a t r u e ac id ; b u t t h e so-called m e t a t e l l u r i c ac id b e h a v e s l ike a 
pseudo-ac id so t h a t i ts cons t i t u t i on is O = T e ( O H ) 2 = O. F . J i r s a s t u d i e d t h e effect 
of te l lur ic acid on t h e po t en t i a l of t h e si lver a n o d e . A. O p p e n h e i m said t h a t t h e 
ortho-acid is diamagnetic. 

Ortho- te l lur ic acid, said J . J . Berze l ius , h a s a meta l l i c n o t a n ac id t a s t e . 
A. O p p e n h e i m found t h a t t h e t e l l u ra t e s a r e r e d u c e d t o t e l lu r ides w h e n h e a t e d w i t h 
h y d r o g e n . Or tho te l lu r ic ac id is soluble in h o t a n d cold water ; a n d F . Myl ius ' 
obse rva t ions on t h e so lubi l i ty a re i n d i c a t e d a b o v e , F i g . 42 . If t h e a q . soln. b e 
e v a p o r a t e d on a w a t e r - b a t h t o a s y r u p y cons i s tency , t h e soln . c rys ta l l izes on cool ing ; 
b u t if i t b e e v a p o r a t e d t o d ryness , a n o p a q u e , non-c rys t a l l i ne or g lassy m a s s is 
p r o d u c e d wh ich J . J . Berze l ius found t o dissolve in w a t e r v e r y s lowly. A. G u t b i e r 
m a d e a s imi lar obse rva t i on ; a n d F . Myl ius found t h a t t h e s low-dissolving te l lur ic 
ac id is p r o d u c e d w h e n o r tho te l lu r i c ac id is t r e a t e d w i t h cone , su lphur i c ac id a t 60° 
t o 90°. F . Myl ius obse rved t h a t t h e soln. h a v e a g r e a t t e n d e n c y t o s u p e r s a t u r a t i o n 
d u r i n g cooling. A. G u t b i e r a n d F . F l u r y obse rved t h a t w h e n aq . soln. of te l lur ic 
ac id a r e e v a p o r a t e d , a t u r b i d i t y m a y be p roduced , b u t t h e suspens ion is so fine t h a t 
i t eas i ly passes t h r o u g h a filter. T h e te l lur ic ac id m a y , however , s e p a r a t e as a 
ge la t inous , v o l u m i n o u s m a s s . Th i s s u b s t a n c e h a s been d r i ed in a des icca to r a n d 
b y h e a t i n g a t v a r i o u s t e m p . , b u t no proof could be found of t h e ex i s tence of t h e 
te l lu r ic ac id H 2 T e O 4 . T h e r e su l t s o b t a i n e d i n d i c a t e t h a t , bes ides te l lur ic ac id , 
H 0 T e O 6 , a n d i t s k n o w n , easi ly-soluble h y d r a t e , t h e r e ex is t o t h e r difficultly-soluble 
h y d r a t e s , wh ich all , however , lose w a t e r easi ly w h e n h e a t e d , a n d give t e l l u r i um 
d iox ide as t h e final res idue . P . K o t h n e r sa id t h a t te l lur ic ac id volat i l izes w i t h 
s t e a m w h e n boi led w i t h w a t e r ; b u t A. G u t b i e r den ied t h i s . T h e sa t . a q . soln. 
^was f o u n d b y L . S t a u d e n m a i e r t o give a p r e c i p i t a t e of t h e o r t h o - a c i d w h e n t r e a t e d 
w i t h n i t r i c ac id ; a n d J . J . Berze l ius o b t a i n e d a s imi la r r e su l t b y t h e a d d i t i o n of 
a lcohol . J . J . Berze l ius found t h a t te l lur ic ac id dissolved in cold, cone , hydrochlor ic 
ac id c an be e v a p o r a t e d a t o r d i n a r y t e m p , w i t h o u t c h a n g i n g t h e te l lur ic ac id , b u t a t 
40°—45°, ch lor ine is evo lved a n d t h e te l lur ic acid is r educed t o t e l l u r i u m d iox ide . 
F . A. Gooch a n d J . H o w l a n d found t h a t t e l lu r ic acid , in di l . s u l p h u r i c ac id soln. , 
is r e d u c e d t o t e l l u r i u m d iox ide a n d t e l l u r i u m b y hydriodic ac id , a n d t o t e l l u r i u m 
b y hydrobromic acid in boi l ing soln. E . B . Benge r f o u n d t h a t w i t h su lphur , in a 
sea led t u b e a t 110°, a 30 p e r cen t . a q . soln. of t e l lu r ic ac id is i n c o m p l e t e l y r e d u c e d ; 
w i t h s e l e n i u m , u n d e r s imi la r cond i t ions , t e l l u rous a n d selenious ac ids a r e fo rmed ; 
a n d w i t h t e l lur ium, t e l l u rous ac id is p r o d u c e d . T h e r educ ing ac t i on of h y d r o g e n 
su lph ide h a s been p rev ious ly d iscussed ; t h e r eac t i on w a s s tud i ed b y A. O p p e n h e i m , 
F . Becke r , B . B r a u n e r , L . S t a u d e n m a i e r , A . G u t b i e r a n d co-workers , a n d 
E . B . B e n g e r — v i d e infra, t e l l u r i u m su lph ides . B . B r a u n e r found t h a t su lphur 
d iox ide i n a sea led t u b e w i t h a n a q . so ln . of t e l lu r ic ac id r educes i t on ly p a r t i a l l y 
t o t e l l u r i u m . E . B . B e n g e r o b t a i n e d c o n f i r m a t o r y r e su l t s . O. B r u n c k f o u n d t h a t 
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te l lu r ic ac id or t e l i u r a t e s a r e r e d u c e d t o t e l l u r i u m b y s o d i u m hyposulphi te . 
A. G u t b i e r a n d F . F l u r y found t h a t a m i x t u r e of t e l lu r ic ac id o r i t s sa l t s w i t h 
a m m o n i u m chlor ide b e h a v e s , w h e n h e a t e d , l ike t h e m i x t u r e w i t h a m m o n i u m chlor ide 
a n d t e l l u r i u m d iox ide (q.v.). P . J a n n a s c h a n d M. Muller found t h a t hydraz ine 
su lphate p r e c i p i t a t e s t e l l u r i u m in h y d r o c h l o r i c ac id soln. , b u t n o t so w i t h n i t r i c 
ac id soln . T h e p r e c i p i t a t i o n is q u a n t i t a t i v e w h e n a m m o n i a c a l soln. a r e t r e a t e d 
w i t h h y d r a z i n e or h y d r o x y l a m i n e . A . G u t b i e r found t h a t h y d r a z i n e h y d r a t e , or 
phenyLhydrazine a s s i s t ed b y h e a t r educes t e l lu r ic ac id q u a n t i t a t i v e l y t o t e l l u r i u m ; 
l ikewise a lso h y p o p h o s p h o r o u s ac id . R . F . W e i n l a n d a n d H . P r a u s e also found 
t h a t t h e t e l i u r a t e s fo rm c o m p l e x sa l t s w i t h phosphate s a n d arsenates—v ide infra. 
J . J . Berze l ius s a id t h a t t e l i u r a t e s a r e r e d u c e d w i t h feeble d e t o n a t i o n w h e n h e a t e d 
w i t h carbon , a n d te l lu r ides a r e fo rmed . J . J . Berze l ius found t h a t w h e n a t e l l u r a t e 
is h e a t e d t o r ednes s w i t h p o t a s s i u m , p o t a s s i u m te l lu r ide is fo rmed , b u t n o t so w i t h 
s i lver a n d zinc t e l i u r a t e s . A l t h o u g h t e l lu r i c ac id is so feeble a n ac id , E . B . H u t c h i n s 
found t h a t a h o t cone . soln . wi l l a t t a c k arsenic , a n t i m o n y a n d b i s m u t h , a s well a s 
many other metals—e.g. silver, zinc, cadmium, mercury, aluminium, tin, lead, and 
nicke l . F . W . Clarke sa id t h a t t h a l l i u m is n o t a t t a c k e d b y a bo i l ing soln. of te l lur ic 
ac id . F . H u n d e s h a g e n found t h a t so luble go ld ch lor ide is p r o d u c e d b y t h e a c t i o n 
of gold on a hyd roch lo r i c ac id so ln . of t e l lu r ic ac id . 

Acco rd ing t o J . J . Berze l ius , meta te l lur ic ac id , H 2 T e O 4 , is f o rmed b y h e a t i n g 
t h e h igher h y d r a t e t o 160° w h e n t h e c ry s t a l s a r e c o n v e r t e d w i t h o u t c h a n g e of form 
i n t o a n o p a q u e m a s s wh ich is ye l low w h e n ho t , a n d w h i t e w h e n cold . L . S t a u d e n -
ma ie r found t h a t t h e d e h y d r a t i o n beg ins a t 140°, a n d is a t first r a p i d , t h e n so slow 
t h a t a week is n o t sufficient for t h e d e h y d r a t i o n . A t a h i g h e r t e m p . , s o m e te l lur ic 
ac id is decomposed . A . G u t b i e r cou ld n o t p r e p a r e m e t a t e l l u r i c a c id ; he a s s u m e d 
t h a t i t does n o t ex i s t ; t h e colourless te l lur ic ac id of J . J . Berze l ius , a n d t h e yel low 
tel lur ic ac id of B . B r a u n e r a r e sa id t o b e m i x t u r e s of t e l l u r i u m t r i o x i d e a n d o r t h o -
te l lur ic ac id . K . B . H e b e r l e i n s t a t e d t h a t if o r d i n a r y c rys t a l l ine te l lu r ic ac id b e 
hea t ed in a c u r r e n t of w a t e r v a p o u r t o 200°—210°, t h e p r o d u c t is 99 p e r cen t . H 2 T e O 4 . 
Accord ing t o F . W . Clarke , t h e sp . gr . of t h e w h i t e , f locculent m e t a t e l l u r i c ac id 
is 3-42 a t 18-8°, 3-46 a t 19-1°, a n d 3-44 a t 19-2°. J . J . Berze l ius , a n d L,. S t a u d e n -
maie r sa id t h a t if t h e m e t a - a c i d be h e a t e d be low redness , i t g ives off w a t e r fo rming 
t e l l u r ium t r i o x i d e ; a n d a t a r e d - h e a t , i t is reso lved i n t o w a t e r , oxygen , a n d 
t e l l u r i u m d iox ide . L . S t a u d e n m a i e r sa id t h a t w h e n h e a t e d i n a c u r r e n t of h y d r o g e n , 
i t is r e d u c e d t o t e l l u r i um, s lowly a t 300°, r a p i d l y a t a r e d - h e a t . J . J . Berze l ius 
found t h a t t h e m e t a - a c i d is v e r y s lowly b u t c o m p l e t e l y so luble in cold w a t e r , a n d 
is qu i ck ly d issolved b y h o t w a t e r . 

T A B t E I . -IEi-E A C T I O N S O F A l X O T E L L U R I C A N O O l l T H O T E L L U R I C A C I D S . 

Reagents, etc. I Orthotelluric acid. I Allotelluric acid. 

T a s t e 
Alcohol 
Congo r ed . 
iV-NaOH . 
Sod . e a r b . . 

Sod. s i l i ca te 
Ar-KCXH . 
P o t . c a r b . . 
Aq . a m m o n i a 
G u a n i d i n o c a r b o n a t e 
A l b u m i n 
S o d i u m t h i o s u l p h a t e 

S w e e t , m e t a l l i c 
W h i t e p p . H 6 T e O 6 
R e d 
N o p p . 
Na p p . 

N o p p . 
Soluble p p . 
So luble p p . 
Soluble p p . 
N o p p . 
N o p p . 
N o p p . a t first. 

Acid ic 
N o p p -
B l u e 
W h i t e p p . so lub le in excess 
W h i t e p p . n o t so lub le in 

exces s . 
W h i t e p p . 
S p a r i n g l y so lub le p p . 
S p a r i n g l y so lub le p p . 
S p a r i n g l y so lub le p p . 
\ V h i t e p p . 
W h i t e p p . 
S e p a r a t i o n of s u l p h u r ; b r o w n 

p p . 

F . Myl ius found t h a t w h e n o r tho t e lh i r i c ac id , H 6 T e O 6 , is h e a t e d t o 140° i t is 
conve r t ed i n t o w h a t he cal led a l lote l luric ac id ; a n d t h i s is t h o u g h t t o be t r imeta -
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te l luric acid, (H 2 TeO 4 J 3 . I t fuses a t o r d i n a r y t e m p , g iv ing a s t i cky , colour less m a s s 
w h i c h is miscible w i t h w a t e r in all p r o p o r t i o n s . I n t h e course of some m o n t h s ' 
c o n t a c t w i t h wa te r , i t furnishes c rys t a l s of o r tho t e l l u r i c ac id . A c o m p a r i s o n of t h e 
b e h a v i o u r of a l lo te l lur ic a n d o r tho te l l u r i c ac ids t o w a r d s some r e a g e n t s is i n d i c a t e d 
in T a b l e I . T h e a l b u m i n r e a c t i o n w i t h a l lo te l lur ic acid is sens i t ive t o one p a r t 
of t h e ac id in 5,000 p a r t s of w a t e r . Cryoscopic d e t e r m i n a t i o n s of aq . soln. show t h a t 
t h e mol . w t . co r re sponds w i t h ( H 2 T e O J 2 ^ . The ac t ion of w a t e r is s lowly t o 
resolve t h e c o m p l e x i n t o s imple r mol s . a s in t h e a n a l o g o u s case of t h e p o l y m e t a -
p h o s p h o r i c ac ids . T h e c o n d u c t i v i t y of a l lote l lur ic ac id is five t i m e s a s g r e a t a s 
t h a t of o r tho te l lu r i c ac id a n d a l lo te l lur ic ac id is, therefore , m u c h t h e s t r onge r ac id . 
T h e e lectr ical c o n d u c t i v i t y of a soln. of 0*089 g r m . ( H 2 T e O 4 J n pe r c.c. of w a t e r , 
in i t ia l ly K = 0 - 0 0 4 0 , falls r a p i d l y t o 0-000071 in t h e course of a few d a y s . D . K a r y e 
sa id t h a t t h e a b s o r p t i o n spec t r a agree w i t h t h e a s s u m p t i o n t h a t o r d i n a r y t e l lu r i c 
acid is T e ( O H ) 6 ; t h a t me t a t e l l u r i c is a p seudo-ac id of t h e c o n s t i t u t i o n ( H O ) 2 T e O 2 ; 
a n d a l lo te l lur ic ac id is a t r u e ac id , H 2 T e O 4 . 

A c c o r d i n g t o R . Metzi ier , if a soln . of t e l l u r i u m d i o x i d e in o r t h o t e l l u r i c a c i d b e s lowly 
e v a p o r a t e d l a rge p r i s m s of o r tho t e l l u r i c ac id , a n d sma l l o p a q u e , w h i t e s p h e r e s c o m p o s e d of 
s m a l l a c i cu l a r c r y s t a l s , of t h e c o m p o s i t i o n tellurosic oxide, 2 T e O 2 . T e O 3 , o r tellurium trita-
heptoxide, Te 8 O 7 , o r tellnryl tellurite, T e O ( T e O s ) 2 , a r e fo rmed . V. L e n h e r a n d E . W o l e s e n s k y 
a l so o b s e r v e d t h a t in t h e o x i d a t i o n of p o t a s s i u m p y r o t e l l u r i t e , t h e p o t a s s i u m t e l l u r o s a t e , 
K 2 O - T e O 3 - T e O 2 , is fo rmed as a n i n t e r m e d i a t e c o m p o u n d . 
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§ 11. The Tellurates 
W h a t a r e ca l led t h e n o r m a l t e l l u r a t e s a p p e a r a s sa l t s of metatelluric acid, H 2 T e O 4 , 

w h i l s t s a l t s of t h e orthotelluric acid, H 6 T e O 0 , a p p e a r a s o r tho te l lu ra t e s—e .g . C u 3 T e O 6 , 
A g 6 T e O 6 , Z n 3 T e O 6 , a n d H g 3 T e O 6 . T h e r e a r e a lso sa l t s of t h e h y p o t h e t i c a l 
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pyrotelluric acid', H 2 T e 2 O 7 ; a n d of t h e h y p o t h e t i c a l tetratelluric acid, H 2 T e 4 O 1 3 . 
T h e n o r m a l t e l lu ra t e s , K 2 T e 0 4 . 2 H 2 0 , A g 2 T e 0 6 . 2 H 2 0 , e tc . , m a y rea l ly be o r tho -
t e l lu ra t e s , K 2 H 4 T e O 6 a n d A g 2 H 4 T e O 6 , respec t ive ly . 

J . J . Berzel ius * p r e p a r e d n o r m a l a m m o n i u m tel lurate, (NH 4 J 2 -TeO 4 , b y t h e 
a c t i o n of solid a q . a m m o n i a o n p o w d e r e d te l lur ic ac id ; t h e w h i t e g lu t inous m a g m a 
dissolves on boi l ing t h e m i x t u r e , a n d on cooling t h e clear soln. becomes t u r b i d , b u t 
clarifies as w h i t e flakes a n d g ranu les of t h i s sa l t a r e depos i t ed . T h a t wh ich r e m a i n s 
in soln. m a y be p r e c i p i t a t e d b y a d d i n g a m m o n i u m chloride, a n d a f t e rwards a lcohol . 
T h e p r e c i p i t a t e is w a s h e d w i t h a lcohol , wh ich exe r t s a s l ight so lven t (pept iz ing) 
a c t i o n a s t h e a m m o n i u m chlor ide is w a s h e d a w a y . T h e sa l t is a lso ob t a ined b y 
cool ing a boi l ing a m m o n i a c a l soln. of n o r m a l p o t a s s i u m t e l lu ra t e in a m m o n i u m 
chlor ide . F . W . Clarke g a v e 3-024 for t h e sp . gr . of t h e sa l t a t 24-5°, a n d 3-012, a t 
25°. J . J . Berze l ius sa id t h a t t h e w h i t e p o w d e r dissolves comple te ly in w a t e r — 
slowly if cold, r a p i d l y if boi l ing. Accord ing t o A. Gu tb ie r , a boil ing aq . soln. of 
a m m o n i u m t e l l u r a t e — o b t a i n e d b y t h e a c t i o n of a q . a m m o n i a on or thote l lur ic acid 
—gives a w h i t e p r e c i p i t a t e w i t h s o d i u m chlor ide b u t n o t w i t h p o t a s s i u m chloride. 
J . J . Berze l ius o b t a i n e d a m m o n i u m hydrote l lurate , ( N H 4 ) H T e O 4 , b y add ing 
a m m o n i u m chlor ide t o a s a t . soln. of t h e co r re spond ing s o d i u m sa l t . N o p rec ip i t a t e 
is o b t a i n e d if t h e potassiflpn sa l t is e m p l o y e d . T h e p r e c i p i t a t e adhe res t o t h e 
glass a s a g lu t i nous m a s s wh ich dissolves w i t h difficulty in w a t e r ; a n d w h e n boiled 
w i t h w a t e r i n open vessels , a m m o n i a is evolved . If h e a t e d -with w a t e r in a closed 
vessel , i t p a r t l y me l t s t o a w h i t e m a s s w h i c h solidifies o n cooling, a n d p a r t dissolves 
i n t h e w a t e r b u t s e p a r a t e s o u t on cooling. J . J . Berzel ius also r e p o r t e d a m m o n i u m 
hydropyrotel lurate , ( N H 4 ) H T e 2 O 7 , t o be fo rmed b y a d d i n g a m m o n i u m chlor ide 
t o t h e co r r e spond ing s o d i u m sa l t . T h e a d d i t i o n of a lcohol fac i l i ta tes t h e prec ip i ta ­
t i o n of t h e sa l t wh ich is t h e n w a s h e d w i t h a lcohol . If a soln . of t h e hyd ro t e l l u r a t e 
is left t o e v a p o r a t e spon t aneous ly , or b y t h e a id of a gen t le h e a t , t h e h y d r o p y r o ­
t e l l u r a t e r e m a i n s as a g u m m y film. The sa l t fuses w i t h i n t u m e s c e n c e w h e n hea ted , 
a n d w a t e r is g iven off. T h e s a l t is s l igh t ly soluble in wa t e r . T h e col loidal n a t u r e 
of t h e a m m o n i u m t e l l u r a t e s w a s d iscussed b y A. R o s e n h e i m a n d G. J a n d e r — v i d e 
infra, l i t h i u m t e l l u r a t e s . C. E w a l d m a d e a n u m b e r of c o m p l e x o rgan ic t e l lu ra te s . 

J . J . Berzel ius p r e p a r e d n o r m a l l i th ium te l lurate , L i 2 T e O 4 . n H a O , as a gum-l ike 
m a s s on e v a p o r a t i n g t h e a q . soln. of te l lur ic ac id m i x e d w i t h t h e r e q u i r e d p ropor t ion 
of l i t h i u m h y d r o x i d e . F . Myl ius o b t a i n e d w h a t was p r o b a b l y l i t h i u m ortfcLOtellurate, 
L i 4 H 2 T e 0 6 . 7 H 2 0 b y sa t . a cone . soln. of o r tho te l lu r i c ac id w i t h l i t h i u m h y d r o x i d e . 
T h e spar ingly-soluble sa l t is h y d r o l y z e d b y w a t e r . J . J . Berzel ius p r e p a r e d l i th ium 
hydrote l lurate , L d H T e O 4 - ^ H J O , as a g u m m y m a s s b y e v a p o r a t i n g a m i x t u r e of 
te l lur ic ac id a n d l i t h i u m h y d r o x i d e . A soln. of 4 mols of o r tho te l lu r i c acid, a n d 
a m o l of l i t h i u m c a r b o n a t e in wa te r , w h e n s p o n t a n e o u s l y e v a p o r a t e d yields l i th ium 
hydropyrotel lurate , L i H T e 2 O 7 . n H 2 0 , which , w h e n h e a t e d t o 100° forms insoluble 
l i t h i u m tetrate l lurate , L i 2 T e 4 O 1 3 . A . R o s e n h e i m a n d G. J a n d e r showed t h a t t h e 
l i t h i u m sa l t s b e h a v e in m a n y w a y s l ike t h e free acid-—(i) t h e y h a v e n o definite 
so lubi l i ty in w a t e r ; (ii) t h e q u a n t i t y of w a t e r wh ich t h e c rys ta l s con ta in var ies 
accord ing t o t h e cone, of t h e l iqu id f rom which t h e y a re depos i ted ; a n d (iii) t h e y 
u n d e r g o d e h y d r a t i o n w i t h o u t a n y apprec iab le change in the i r appea rance . I n 
these a n d o t h e r r espec t s t h e sa l t s resemble colloids- (i) t h e y n o t only adsorb wa te r , 
b u t (ii) t h e l i t h i u m sa l t s a n d bas ic sa l t s b e h a v e l ike adso rp t ion c o m p o u n d s of tel luric 
ac id a n d l i t h ium h y d r o x i d e . 

J . J . Berze l ius fused t e l l u r i u m d iox ide w i t h sod ium n i t r a t e and ob t a ined a sod ium 
te l lu ra te—v ide p o t a s s i u m t e l l u r a t e . Accord ing t o F. Mylius, w h a t appea r s t o be 
s o d i u m dihydrorthotel lurate , N a 4 H 2 T e 0 6 . 7 H 2 0 , was o b t a i n e d in slender, felted 
needles b y s u p e r s a t u r a t i n g a cone . soln. of te l lur ic ac id w i th sodium hydrox ide . I t 
is h y d r o l y z e d b y w a t e r t o s o d i u m tel lurate, N a 2 T e 0 4 . 2 H 2 6 , which m a y be sod ium 
tetrahydrorthotel lurate , N a 2 H 4 T e O 6 . Th i s sa l t was p r e p a r e d b y J . J . Berzel ius . 
H e found t h a t t h e dihydrate s e p a r a t e s f rom a soln. of te l lur ic ac id in h o t soda-lye 
p a r t l y on cool ing a n d p a r t l y o n t h e a d d i t i o n of a lcohol . I t is also ob ta ined by 
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e v a p o r a t i n g t o d ryness , be low 100°, a soln . of equ imo la r p a r t s of te l lur ic ac id a n d 
s o d i u m c a r b o n a t e , so a s t o ge t r i d of al l t h e c a r b o n d iox ide , hence , s o d i u m h y d r o x i d e 
is n o w used i n s t e a d of t h e c a r b o n a t e . T h e sa l t w a s also p r e p a r e d a n d a n a l y z e d b y 
A. Gu tb i e r . T h e c rys t a l s of t h e sa l t d o n o t p a r t w i t h al l w a t e r u n t i l t h e y a r e n e a r l y 
a t a r ed -hea t . T h e sa l t is spa r ing ly soluble i n cold a n d h o t wa te r , a n d i t does n o t 
s e p a r a t e on cooling t h e h o t soln. ; b u t if sod ium h y d r o x i d e b e a d d e d t o t h e soln. , 
t h e t e lh i r a t e s epa ra t e s i n g ra ins . T h e e v a p o r a t i o n of t h e a q . soln. on a w a t e r - b a t h 
leaves a soluble, soft, g u m m y m a s s which w h e n dr ied is b u t s p a r i n g l y so luble . 
F . Myl ius said t h a t t h e sa l t furnishes d o u b l y ref rac t ing s ix-sided p l a t e s ; a n d t h a t 
a t 18°, 100 p a r t s of w a t e r dissolve a b o u t 0-77 p a r t of sal t , a n d a t 100°, a b o u t 2-0 
p a r t s . R . F u n k m a d e some obse rva t ions on t h e so lubi l i ty of t h e sa l t . W . G. Mixfcer 
g a v e for t h e h e a t of fo rma t ion ( N a 2 0 , T e 0 3 ) = 124-3 CaIs. A . Mioia t i a n d 
E . Masce t t i found t h a t t h e mol . electr ical conduc t iv i t y , /x, of a mol of N a 2 T e O 4 
is v l i t res , a t 25°, is 

t> . . 3 2 64 128 256 512 1024 
p. . . 90-65 94-83 98-33 100-5 103-9 1O7-0 

F . Myl ius said t h a t t h e aq . soln. h a s a n a lka l ine reac t ion , a n d is decomposed b y 
c a r b o n d iox ide . E . B l a n c ca lcu la ted t h e pe rcen t age hydro lys i s of a 0-0093A7-soln. 
t o be 13-97. J . J . Berzel ius a d d e d t h a t t h e sa l t deHydra t ed be low a r e d - h e a t 
r e m a i n s wh i t e w h e n ho t , a n d dissolves in ho t , di l . n i t r i c ac id , b u t in cold or h o t w a t e r 
is pep t i zed t o a t u r b i d l iqu id . Accord ing t o F . Myl ius , t h e tetrahydrate, 
N a 2 T e O 4 . 4 H 2 O , is formed in p r i s m a t i c c rys ta l s from a 30 pe r cen t . soln . of te l lur ic 
ac id sa t . w i th sod ium h y d r o x i d e . I t is m o r e soluble t h a n t h e di h y d r a t e — 1 0 0 p a r t s 
o l w a t e r dissolve a b o u t 1-43 p a r t s of sa l t a t 18°, a n d a t 50°, a b o u t 2-5 p a r t s . T h e 
sa l t in c o n t a c t w i t h w a t e r passes i n to t h e d i h y d r a t e in a few weeks a t o r d i n a r y 
t e m p . , a n d in a few hrs . a t 60°. T h e t e t r a h y d r a t e recal ls t h e co r r e spond ing 
h y d r a t e of sod ium c h r o m a t e ; t h e decahydrate could n o t b e p r e p a r e d b y ~F. Myl ius , or 
R . F u n k . A. R o s e n h e i m a n d G. J a n d e r m a d e s imi lar obse rva t ions w i t h respec t t o 
t h e col loidal n a t u r e of t h e sod ium te l lu ra te s a s of t h e l i t h i u m te l lu ra tes—v ide supra. 

Accord ing t o J . J . Berzel ius, s o d i u m hydrotel lurate , N a H T e O 4 . 1 ^ H 2 O , is 
o b t a i n e d b y dissolving te l lur ic ac id in a boi l ing soln. of sod ium c a r b o n a t e a n d 
a d d i n g ace t ic ac id af ter cooling. T h e sa l t first p r ec ip i t a t ed is redissolved, a n d w h e n 
t h e soln. is e v a p o r a t e d t o d ryness leaves a m i x t u r e of a c e t a t e a n d h y d r o t e l l u r a t e — 
t h e a c e t a t e can be e x t r a c t e d w i t h alcohol . T h e h y d r o t e l l u r a t e is slowly b u t com­
p le t e ly soluble in wa te r , a n d w h e n t h e soln. is s p o n t a n e o u s l y e v a p o r a t e d , i t forms 
a g u m m y mass , which becomes mi lk -wh i t e w h e n h e a t e d , a n d t h e p r o d u c t dissolves 
v e r y s lowly in wa te r . W h e n d e h y d r a t e d b y h e a t t h e h y d r o t e l l u r a t e furnishes a 
m i x t u r e of soluble p y r o t e l l u r a t e a n d v e r y spa r ing ly soluble t e l l u r a t e . T h e h y d r o ­
t e l l u r a t e is also p r o d u c e d from a soln. of 2 mo l s of te l lur ic acid, a n d a mo l of sod ium 
c a r b o n a t e . E . B l a n c found t h a t 0 1 1 7 pe r cen t , of t h e s a l t is h y d r o l y z e d in 
a 0-0093 A^-soln. A soln . of four mo l s of o r tho te l lu r i c ac id , a n d a rnol of s o d i u m 
c a r b o n a t e furnishes a g u m m y m a s s of s o d i u m hydropyrotel lurate , N a H T e 2 O 7 , 
when s p o n t a n e o u s l y e v a p o r a t e d . W h e n hea t ed , i t furnishes insoluble s o d i u m 
tetratellurate, Na2Te4Oj3. 

C. F . R a m m e l s b e r g , J . W . R e t g e r s , I J . S t a u d e n m a i e r , a n d A. G u t b i e r could n o t 
p r e p a r e t h e crysta l l ized, a n h y d r o u s po tas s ium tel lurate , K 2 T e O 4 , of A. H a n d l and 
V. v o n L a n g , i s o m o r p h o u s w i th p o t a s s i u m s u l p h a t e ; p o t a s s i u m t e l l u r a t e shows n o 
inc l ina t ion t o form i s o m o r p h o u s m i x t u r e s w i t h p o t a s s i u m s u l p h a t e o r se l ena t e . 
J . J . Berze l ius o b t a i n e d t h e pentahydrale, K 2 T e O 4 . 5 H 2 O , from a soln. of te l lur ic 
a c id a n d p o t a s s i u m h y d r o x i d e . T h e soft, g l u t i n o u s m a s s dissolves on t h e app l i ca ­
t i o n of a m o d e r a t e h e a t , a n d on cool ing t h e soln. t o 0° , t h e p e n t a h y d r a t e crys ta l l izes 
o u t c o m p l e t e l y p r o v i d e d t h e a lkal i - lye is n o t t o o di l . T h e c rys ta l s a r e w a s h e d w i t h 
a lcohol . If t h e a lkal i - lye is t o o d i lu te , t h e sa l t does n o t s e p a r a t e u n t i l a lcohol is 
a d d e d . If t h e a lcohol is a d d e d in s m a l l p o r t i o n s a t a t i m e , t h e sa l t s e p a r a t e s in 
oi ly d r o p s w h i c h a f t e r w a r d s c rys ta l l i ze ; if a la rge q u a n t i t y of alcohol is a d d e d a t 
once , c rys t a l s of t h e sa l t s e p a r a t e o u t i m m e d i a t e l y . T h e sa l t w a s also o b t a i n e d 
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b y J . J . Berze l ius b y e v a p o r a t i n g t o d r y n e s s a soln . of e q u i m o l a r p a r t s of te l lur ic 
a c id a n d p o t a s s i u m c a r b o n a t e ; b u t E . B . H u t c h i n s a d d e d t h a t t h e process gives 
a p o o r r e s u l t because t h e t e l lu r i c ac id does n o t d r ive o u t t h e c a r b o n d iox ide f rom 
a n eq . a m o u n t of p o t a s s i u m c a r b o n a t e . T h e sa l t w a s o b t a i n e d b y t h e doub l e 
d e c o m p o s i t i o n of s i lver t e l l u r a t e a n d po t a s s ium b r o m i d e d issolved in a l i t t l e w a r m 
w a t e r , a n d s lowly e v a p o r a t i n g t h e l i q u i d in a i r free f rom c a r b o n d iox ide . T h e 
a n a l y s e s of A . Gu tb i e r , L . S t a u d e n m a i e r , J . J . Berzel ius , a n d E . B . H u t c h i n s agree 
w i t h t h e fo rmu la K 2 T e O 4 - S H 2 O ; a n d t h i s sa l t w a s found t o b e p r o d u c e d a t o r d i n a r y 
t e m p , f rom n e u t r a l o r s l igh t ly a lka l ine soln. Accord ing t o J . W . B e t g e r s , w i t h cone , 
soln . of p o t a s s i u m h y d r o x i d e , d o u b l y r e f rac t ing c rys ta l s of t h e dihydrate, 
K 2 T e O 4 . 2 H 2 O , a re p r o d u c e d ; a n d A. G u t b i e r , a n d E . B . H u t c h i n s o b t a i n e d c rys t a l s 
of t h e d i h y d r a t e f rom a soln . of o r t h o t e l l u r i c ac id in a boi l ing, cone. soln. of 
p o t a s s i u m h y d r o x i d e . Acco rd ing t o J . J . Berze l ius , t h e p e n t a h y d r a t e furnishes 
p r i s m a t i c c ry s t a l s which , a c c o r d i n g t o L . S t a u d e n m a i e r , be long t o t h e monoc l in ic 
s y s t e m . J . J . Berze l ius f o u n d t h a t t h e p e n t a h y d r a t e w h e n h e a t e d gives off "water 
a n d s in t e r s t o a w h i t e m a s s ; a n d A. G u t b i e r a d d e d t h a t a t 200°, w a t e r a n d o x y g e n 
a r e g i v e n off, a n d t e l l u r i t e is f o rmed . A c c o r d i n g t o J . J . Berze l ius , w h e n t h e 
c r y s t a l s of t h e p e n t a h y d r a t e a r e e x p o s e d t o air , t h e y b e c o m e m o i s t w i t h o u t 
de l iquescence f o r m i n g a m i x t u r e of h y d r o t c l l u r a t e a n d c a r b o n a t e . T h e sa l t is 
soluble in w a t e r b u t n o t in a lcohol . A smal l p r o p o r t i o n of one of t h e s t ronger 
ac ids a d d e d t o t h e a q . soln. p r e c i p i t a t e s t h e h y d r o t e l l u r a t e ; a la rger p r o p o r t i o n of 
ac id p r e c i p i t a t e s t h e p y r o t e l l u r a t e ; whi le a st i l l l a rger p r o p o r t i o n of ac id r e m o v e s 
all t h e a lka l i f o rming a c lear soln. If t h e ac id be ace t ic ac id , t h e e v a p o r a t i o n of t h e 
c lear soln. furn ishes a m i x t u r e of p o t a s s i u m a c e t a t e a n d t e l l u r a t e . A. Rosenhe im 
a n d G. J a n d e r m a d e s imi lar o b s e r v a t i o n s w i t h r e spec t t o t h e colloidal n a t u r e of t h e 
p o t a s s i u m t e l l u r a t e s a s were m a d e in t h e case of t h e l i t h i u m te l lu ra te s—v ide sujyra. 
C. H u g o t f o u n d t h a t p o t a s s i u m t e l l u r a t e s u s p e n d e d in dil . hydroch lo r i c ac id , a n d 
t r e a t e d w i t h zinc, or s u s p e n d e d in dil . a lkal i - lye , a n d t r e a t e d w i t h a l u m i n i u m , 
fu rn i shes t e l l u r i u m . 

According to J . J . Berzelius, potassium hydrotellurate, KHTeO4 .1^H2O, is 
fo rmed f rom a soln. of t h e co r r ec t p r o p o r t i o n of p o t a s s i u m c a r b o n a t e in o r tho te l lu r i c 
ac id e v a p o r a t e d a t o r d i n a r y t e m p . ; b y cool ing a boi l ing soln. of 2 mols of o r t h o ­
te l lu r ic ac id a n d a m o l of p o t a s s i u m c a r b o n a t e ; whi le t h e e x p o s u r e of a soln. of 
t h e n o r m a l t e l l u r a t e t o a i r r e su l t s in t h e depos i t i on of t h e h y d r o t e l l u r a t e , and , 
a d d e d E . B . H u t c h i n s , t h i s sa l t is p r e c i p i t a t e d on pas s ing c a r b o n d ioxide in to a n 
a q . soln . of t h e n o r m a l s a l t — a n excess of t h e c a r b o n d iox ide does no h a r m . 
J . J . Berze l ius also o b t a i n e d t h e h y d r o t e l l u r a t e b y e v a p o r a t i n g t o d rynes s a soln. 
of t h e n o r m a l t e l l u r a t e in ace t i c ac id , a n d w a s h i n g o u t t h e a c e t a t e w i th alcohol 
of sp . gr . 0*85. H e also o b t a i n e d t h e sa l t b y fusing t e l l u r i u m d iox ide w i t h p o t a s s i u m 
n i t r a t e t o a c lear l iqu id ; d iges t ing t h e cold m a s s w i t h boi l ing w a t e r t o r e m o v e 
n i t r i t e s a n d n i t r a t e s ; a n d d isso lv ing t h e r e s idue in boi l ing w a t e r — i t does n o t 
d issolve in w a t e r ho ld ing n i t r a t e in soln . W h e n t h e h o t soln. is cooled, c rys ta l s 
of t h e h y d r o t e l l u r a t e a r e depos i t ed . T h e h ighe r t h e fusion t e m p , t h e g rea t e r t h e 
p r o p o r t i o n of t e l lu r i t e m i x e d w i t h t h e t e l l u r a t e . T h i s process , a d d e d J . J . Berzel ius , 
s o m e t i m e s y ie lds a p r o d u c t w h i c h is insoluble in boi l ing w a t e r , ac ids , or soln. of 
a lka l ies ; i t is w h i t e w h e n cold, ye l low w h e n h o t , a n d w h e n h e a t e d fuses g iv ing off 
o x y g e n a n d fo rming p o t a s s i u m p y r o t e l l u r i t e . E . B . H u t c h i n s ' ana lys i s of t h e 
h y d r o t e l l u r a t e c o r r e s p o n d s w i t h K 2 0 . 2 T e 0 3 . 4 H 2 0 . T h e sa l t h a s a n a lkal ine 
r eac t i on , a n d i t h a s a me ta l l i c , s l igh t ly a lka l ine t a s t e . W h e n h e a t e d , i t gives off 
w a t e r , t u r n s yel low, a n d a t a h ighe r t e m p . — b e l o w redness—fuses forming n o r m a l 
t e l l u r a t e a n d t e t r a t e l l u r a t e : 6 K H T e O 4 = 2 K 2 T e O 4 + K 2 T e 4 O 1 3 + 3 H 2 O — t h e tel­
l u r a t e c a n b e e x t r a c t e d b y w a t e r . T h e h y d r o t e l l u r a t e is spa r ing ly soluble in cold 
w a t e r , b u t m o r e soluble in h o t w a t e r . 

J . J . Berze l ius p r e p a r e d p o t a s s i u m hydropyrote l lurate , K H T e 2 O 7 - I l H 2 O , b y 
s lowly cool ing a boi l ing soln. of 4 mols of o r tho te l lu r i c ac id a n d a mol of po t a s s ium 
c a r b o n a t e . E . B . H u t c h i n s ' ana lys i s ag ree w i t h K 2 0 . 4 T e 0 3 . 4 H 2 0 . J . J . Berzel ius 
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found t h a t th i s sa l t is p r ec ip i t a t ed w h e n n i t r i c ac id is a d d e d t o a n a q . soln. of 
t h e n o r m a l t e l l u r a t e : and , as i nd i ca t ed a b o v e , i t is fo rmed b y a d d i n g n i t r i c ac id 
t o t h e a q . soln. ob t a ined as a b o v e b y fusing t e l l u r i u m d iox ide a n d p o t a s s i u m 
n i t r a t e . The whi t e , pu lve ru l en t sa l t loses 7*5 p e r cen t , of w a t e r a t a g e n t l e h e a t , 
b u t r e t a ins 0-15 per cen t . ; i t t h e n t u r n s yel low a n d fo rms t h e t e t r a t e l l u r a t e ; a n d 
a t a h igher t e m p . , i t gives off 7-71 p e r cent , of o x y g e n l e av ing p o t a s s i u m t e l l u r i t e 
beh ind . T h e sa l t is s l ight ly soluble in w a t e r ; w h e n c rys ta l l i zed f rom i t s a q . soln. , 
some hydro t e l l u r a t e is formed ; if t h e w a t e r c o n t a i n s o t h e r sa l t s i n soln. , t h i s 
decomposi t ion does n o t occur . E . B . H u t c h i n s p r e p a r e d p o t a s s i u m tritellurate* 
K 2 T e 3 O j 0 - S H 2 O , b y e v a p o r a t i n g a soln. of a m o l of p o t a s s i u m c a r b o n a t e , a n d 4 m o l s 
of" tel luric acid. I t furnishes a wh i t e , g r a n u l a r m a s s w h i c h is m u c h m o r e so luble 
in h o t t h a n in cold w a t e r ; t h e a q . soln. h a s a n a lka l ine r eac t ion . J . J . Berze l ius 
p r e p a r e d po tass ium tetratel lurate, K 2 T e 4 O 1 ^ , b y ca lc in ing t h e h y d r o p y r o t e l l u r a t e ; 
b y v e r y gen t ly hea t i ng t e l l u r i u m d iox ide w i t h p o t a s s i u m c h l o r a t e , a n d e x t r a c t i n g 
t h e p r o d u c t wi th w a t e r t o r e m o v e p o t a s s i u m chlor ide a n d ch lo ra t e ; b y t h e ac t ion 
of chlorine on a h o t soln. of p o t a s s i u m t e l lu r i t e , a n d w a s h i n g t h e p r o d u c t w i t h 
w a t e r ; a n d also b y h e a t i n g o r tho te l lu r i c ac id w i t h p o t a s s i u m n i t r a t e a n d chlor ide 
below redness , a n d wash ing w i t h w a t e r . T h e yel low p o w d e r is insoluble a t o r d i n a r y 
t e m p , in wa te r , dil. minera l acids , a n d po t a sh - lye ; i t s lowly dissolves in boi l ing 
n i t r ic acid, a n d rap id ly in m o l t e n po t a sh - lye . 

J . F . Norr i s a n d W . A. K i n g m a n p r e p a r e d rubid ium te l lurate , R b 2 T e 0 4 . 3 H 2 0 , 
b y e v a p o r a t i n g in v a c u o over su lphu r i c acid , a soln. of o r tho te l lu r i c ac id m i x e d w i t h 
a 25 p e r cent , excess of r u b i d i u m h y d r o x i d e . T h e colourless p r i sms w i t h p y r a m i d a l 
ends dissolve in t e n t i m e s the i r we igh t of w a t e r . T h e sa l t is decomposed b y ca rbon 
d iox ide so t h a t i t c a n n o t be m a d e from or tho te l lu r i c ac id a n d r u b i d i u m c a r b o n a t e . 
If a soln. of r u b i d i u m c a r b o n a t e a n d te l lur ic ac id in ca l cu la t ed q u a n t i t i e s be 
e v a p o r a t e d , rubidium hydrotel lurate , R b H T e O 4 . J H 2 O , is fo rmed. I t is n o t 
i somorphous w i t h t h e cor responding h y d r o s e l e n a t e ; 100 p a r t s of cold w a t e r 
dissolve a b o u t 5 p a r t s of t h e sa l t ; t h e sa l t is m o r e soluble in h o t w a t e r . G. Pel l in i 
m i x e d nea r ly sa t . aq . soln. of r u b i d i u m h y d r o t e l l u r a t e a n d h y d r o s e l e n a t e , in v a r i o u s 
p ropo r t i ons , a n d on e v a p o r a t i n g t h e m i x e d soln. a t 50°—80° un t i l t h e y depos i ted 
c rys t a l s on cooling, o b t a i n e d m i x e d c rys ta l s of t h e t w o sa l t s con ta in ing from 42 
t o 53 mols . pe r cent , of t h e se lena te . W i t h soln. sti l l r icher in se lena te , c rys ta l s 
con t a in ing u p t o 1OO p e r cent , se lena te c a n be o b t a i n e d . T h e r e is, however , a 
l imi t t o t h e p r o p o r t i o n of t e l l u r a t e in t h e m i x e d c rys ta l s s ince al l soln. con ta in ing 
m o r e t h a n a b o u t 50 mola r pe r cen t , of t h e t e l l u r a t e depos i t t h e l a t t e r in t h e p u r e 
s t a t e . W i t h m i x e d soln. of r u b i d i u m h y d r o s u l p h a t e a n d h y d r o t e l l u r a t e , t h e 
resu l t s c a n b e i n t e r p r e t e d on t h e a s s u m p t i o n t h a t a complex sal t , R b H S O 4 - R b H T e O 4 , 
is fo rmed ; b u t t h e r e is a lso a t e n d e n c y t o form solid soln. J . F . Nor r i s a n d 
W . A. K i n g m a n p r e p a r e d b y a n ana logous process , caes ium hydrote l lurate , 
C s H T e O 4 - J H 2 O , which is p r o d u c e d in smal l cub ic c rys ta l s , less soluble t h a n 
those of t h e r u b i d i u m sa l t—100 p a r t s of w a t e r dissolve a b o u t 3*33 p a r t s of 
t h e sa l t . 

J . J . Berze l ius descr ibed t h e g reen flocculent p r e c i p i t a t e o b t a i n e d b y mix ing 
soln. of p o t a s s i u m t e l l u r a t e a n d coppe r n i t r a t e as n o r m a l copper te l lurate , OuTeO 4 . 
E . B . H u t c h i n s showed t h a t if t h e p r e c i p i t a t e be boi led for some h o u r s w i t h wa te r , 
i t fo rms copper orthotel lurate , C u 3 T e O 6 , wh ich se t t les a s a h e a v y green powder . 
I t is insoluble in w a t e r b u t soluble in aq . a m m o n i a , a soln. of p o t a s s i u m cyan ide , 
a n d in ace t ic , hydroch lo r i c , or n i t r i c ac id . N o success a t t e n d e d t h e a t t e m p t t o 
o b t a i n t h e t e l l u r a t e in a c rys ta l l ine fo rm b y a l lowing t h e p r e c i p i t a t e t o r e m a i n in 
t h e m o t h e r - l i q u o r for weeks ; or b y a l lowing copper h y d r o x i d e t o s t a n d for weeks 
i n c o n t a c t w i t h a n excess of te l lur ic ac id . 

J . J . Berze l ius o b t a i n e d n o r m a l s i lver te l lurate , A g 2 T e O 4 , in d a r k yel low, b u l k y 
flakes o n a d d i n g a cone . soln. of si lver n i t r a t e t o o n e of n o r m a l p o t a s s i u m t e l l u r a t e . 
E . B . H u t c h i n s cou ld n o t p r e p a r e t h e sa l t in t h i s w a y , h e a l w a y s o b t a i n e d a basic 
sa l t , a n d b y u s ing p o t a s s i u m h y d r o t e l l u r a t e , h e o b t a i n e d a p r ec ip i t a t e con t a in ing 
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a n excess of te l lur ic ac id ; a n d , a s obse rved b y A . G u t b i e r , t h e p r o d u c t is decom­
posed i n t o t h e bas ic sa l t b y wash ing . E . B . H u t c h i n s o b t a i n e d c rys ta l s of t h e 
dihydrale, A g 2 T e O 4 ^ H 2 O , wh ich m a y be s i lver tetrahydrorthote l lurate , A g 2 H 4 T e O 6 , 
b y t r e a t i n g si lver ox ide w i t h a n excess of a soln. of te l lur ic ac id ; b y m i x i n g a soln. 
of 2O g r m s . of s i lver a c e t a t e , acidified w i t h a few d r o p s of ace t i c ac id , w i t h a soln. 
of 1*4: g r m s . of te l lur ic ac id , a n d e v a p o r a t i n g t h e soln. a t r o o m t e m p , in d a r k n e s s ; 
a n d b y a d d i n g a s i lver n i t r a t e soln. t o a cone . soln. of p o t a s s i u m t e l l u r a t e con­
t a i n i n g a n excess of ace t i c acid , a n d a l lowing t h e yel low or b r o w n p r e c i p i t a t e t o 
s t a n d for s o m e h o u r s in c o n t a c t w i t h t h e mo the r - l i qu id . Owing t o t he i r g r ea t e r 
s p . gr . , t h e c rys t a l s c a n be easi ly s e p a r a t e d f rom t h e a m o r p h o u s sa l t . T h e s t r aw-
yel low c rys t a l s a r e r h o m b i c b i p y r a m i d s w i t h t h e ax ia l r a t i o s a : b : c=0-722 : 1 : 2-107, 
a n d t h e y a r e i s o m o r p h o u s w i t h t h e co r re spond ing s u l p h a t e a n d se lena te . T h e 
c r y s t a l s a r e s lowly d a r k e n e d in l igh t ; a n d w h e n h e a t e d t o 200°, t h e y lose w a t e r 
a n d b e c o m e b l a c k ; a t a h ighe r t e m p , o x y g e n is evo lved a n d a g rey i sh -brown, 
fusible m a s s r e m a i n s . T h e sa l t is inso luble in h o t or cold w a t e r , b u t soluble in aq . 
a m m o n i a , a n a q . soln. of p o t a s s i u m c y a n i d e , or s o d i u m t h i o s u l p h a t e , a n d in n i t r ic , 
s u l p h u r i c , a n d ace t i c ac ids . Cone, ac ids d e c o m p o s e t h e sa l t comple t e ly forming 
te l lu r ic ac id a n d t h e c o r r e s p o n d i n g s i lver s a l t . J . J . Berze l ius sa id t h a t b y mix ing 
a n a m m o n i a c a l soln. of s i lver t e l l u r a t e w i t h a m m o n i a c a l s i lver n i t r a t e , a n d evapo­
r a t i n g , t h e bas ic sa l t , s i lver d ioxyte l lurate , 2 A g 2 O - A g 2 T e O 4 , or poss ib ly si lver 
orthote l lurate , A g 6 T e O 6 , is fo rmed ; a n d t h e s a m e p r o d u c t is o b t a i n e d b y t r e a t i n g a 
di l . soln . of si lver n i t r a t e w i t h p o t a s s i u m t e l l u r a t e . T h e redd ish-ye l low p rec ip i t a t e 
soon b l a c k e n s . J . J . Berze l ius also p r e p a r e d s i lver oxydi te l lurate , A g 2 0 . 2 A g 2 T e O 4 , 
or A g 6 T e 2 O 9 , a s a b r o w n p o w d e r b y boi l ing si lver n i t r a t e w i t h w a t e r . E . B . H u t c h i n s 
sa id t h a t if t h e c ry s t a l s of d i h y d r a t e d si lver t e l l u r a t e a r e a l lowed t o s t a n d in c o n t a c t 
w i t h a cold soln. of a s i lver sa l t , r e d monoc l in ic c rys t a l s of t h e trihydrate, 
A g 6 T e 2 O 9 . 3 H 2 O , a r e f o r m e d . T h e y a r e n o t c h a n g e d b y cold w a t e r , b u t w i t h boil ing 
w a t e r a b r o w n m a s s is fo rmed . I n sun l i gh t t h e c rys t a l s b e c o m e o p a q u e a n d 
coppe r - r ed . If h e a t e d ove r 110°, t h e sa l t loses w a t e r a n d becomes b lack ; all t h e 
c o m b i n e d w a t e r is expe l l ed a t 20O°. J . J . Berze l ius sa id t h a t b y doub le decom­
pos i t ion w i t h s i lver n i t r a t e a n d p o t a s s i u m h y d r o t e l l u r a t e , s i lver hydrotel lurate , 
A g H T e O 4 , is f o rmed ; l ikewise a lso s i lver tetrate l lurate , A g 2 T e 4 O 1 3 ; b u t 
E . B . H u t c h i n s cou ld o b t a i n n e i t h e r of t h e s e sa l t s . 

E . B . H u t c h i n s d id n o t succeed in m a k i n g go ld te l lurate . If gold chlor ide be 
a d d e d t o n o r m a l s i lver t e l l u r a t e s u s p e n d e d in w a t e r , s i lver ch lor ide a n d gold oxide 
a r e p r e c i p i t a t e d ; a n d t h e e v a p o r a t i o n over su lphur i c ac id of a m i x e d soln. of 
p o t a s s i u m t e l l u r a t e a n d gold ch lor ide furn ishes ye l low c rys t a l s of p o t a s s i u m 
ch lor o a u r a t e . 

J . J . Berze l ius p r e p a r e d c a l c i u m te l lurate , C a T e O 4 , b y p r e c i p i t a t i o n . T h e wh i t e 
flecks d issolve in h o t w a t e r , a n d t h e e v a p o r a t i o n of t h e soln. y ie lds a wh i t e p o w d e r ; 
s t r o n t i u m te l lurate w a s o b t a i n e d in a n a n a l o g o u s m a n n e r ; a n d b a r i u m tel lurate, 
B a T e O 4 . 3 H 2 O , a p p e a r s a s a v o l u m i n o u s , w h i t e p r e c i p i t a t e w h e n a soln. of b a r i u m 
chlor ide is t r e a t e d w i t h s o d i u m t e l l u r a t e . T h e p r e c i p i t a t e soon forms a h e a v y , 
w h i t e p o w d e r . I t loses i t s w a t e r of c rys ta l l i za t ion w h e n h e a t e d over 2OO°. 
E . O. M a t h e r s a n d Gr. M. B r a d b u r y f o u n d t h a t w h e n t e l l u r i u m d iox ide is m ixed wi th 
5 eq . of t e l l u r i u m d iox ide , a n d h e a t e d for a n h o u r a t 975°, a l m o s t t h e theore t i ca l 
y ie ld of c a l c i u m t e l l u r a t e is f o rmed . A t a lower t e m p , t h e yield was smaller . 
F . W . Cla rke g a v e 4-55 for t h e s p . gr . of a n h y d r o u s b a r i u m t e l l u r a t e a t 10-5° ; 
4-53 a t 10° ; a n d 4-48 a t 16° ; w h e n d r i ed a t 200° , t h e s p . gr . is 4-2. J . J . Berzel ius 
f o u n d t h a t b a r i u m t e l l u r a t e is spa r ing ly soluble in cold wa te r , a n d r a t h e r more 
so luble i n h o t w a t e r . W h e n t h e a q . soln. is e v a p o r a t e d a w h i t e e a r t h r ema ins . 
I t is n o t d e c o m p o s e d b y a m m o n i a ; a n d i t is soluble in hydroch lo r i c a n d n i t r ic 
ac ids . If s o d i u m h y d r o t e l l u r a t e b e a d d e d t o a soln. of b a r i u m chlor ide a vo luminous 
p r e c i p i t a t e of b a r i u m hydrote l lurate , B a ( H T e 0 4 ) 2 . 2 H 2 0 , was ob ta ined . I t is 
reso lved b y w a t e r i n t o a so luble ac id sa l t , a n d i n t o t h e n o r m a l t e l l u r a t e . Sod ium 
h y d r o p y r o t e l l u r a t e p r e c i p i t a t e s b a r i u m hydropyrotel lurate , B a ( H T e 2 O 7 J 2 . ^ H 2 O , 
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froni a soln. of b a r i u m chlor ide. T h e v o l u m i n o u s p r e c i p i t a t e is easi ly soluble in 
wa te r ; a n d in acet ic acid. I t is ye l low w h e n h o t , w h i t e w h e n cold. 

J . J . Berzelius ob ta ined bery l l ium tel lurate a s a w h i t e , v o l u m i n o u s p r e c i p i t a t e 
by double decomposi t ion wi th a soluble t e l l u r a t e a n d a be ry l l i um sa l t ; a n d 
m a g n e s i u m tellurate in a n ana logous m a n n e r . M a g n e s i u m t e l l u r a t e is m o r e 
soluble t h a n t h e corresponding sa l t s of t h e a lka l ine e a r t h s . S o d i u m h y d r o t e l l u r a t e 
prec ip i ta tes from a soln. of a m a g n e s i u m sal t , m a g n e s i u m hydrote l lurate , w h i c h is 
more soluble t h a n t he n o r m a l t e l l u ra t e . A. G u t b i e r p r e p a r e d z i n c te l lurate as a 
whi te , insoluble p rec ip i t a t e b y mix ing soln. of p o t a s s i u m t e l l u r a t e a n d zinc ch lor ide . 
E. B. H u t c h i n s showed t h a t t h e p r ec ip i t a t e o b t a i n e d w i t h soln. of zinc n i t r a t e a n d 
po tass ium te l lu ra te becomes h e a v y a n d g r a n u l a r w h e n t r e a t e d w i t h h o t w a t e r , 
i t s composi t ion is Z n 3 T e O 6 ; i t is insoluble in w a t e r , b u t soluble in ace t ic , n i t r i c , 
hydrochlor ic , and su lphur ic acids . A. O p p e n h e i m o b t a i n e d c a d m i u m tel lurate 
as an insoluble whi te p rec ip i t a t e on t r e a t i n g c a d m i u m n i t r a t e w i th sod ium t e l l u r a t e . 
I t forms a colourless soln. wi th hydroch lor ic acid. 

J . J . Berzel ius not iced t h a t w h e n p o w d e r e d crys ta l l ine m e r c u r o u s n i t r a t e is 
immersed in an aq . soln. of p o t a s s i u m h y d r o t e l l u r a t e , a d a r k b r o w n p r e c i p i t a t e is 
formed ; a n d a yel lowish-brown prec ip i t a t e of mercurous te l lurate , H g 2 T e O 4 , is 
p roduced by t h e ac t ion of po t a s s ium t e l lu ra t e on a soln. of m e r c u r o u s n i t r a t e . 
G-. Deniges also ob ta ined th i s sal t in a s imilar w a y . J . J . Berzel ius said t h a t 
me rcu rous t e l lu ra te HOOII becomes yellow, owing t o t h e ac t ion of t h e free ac id in 
t h e l iquid p robab ly forming mercurous h y d r o t e l l u r a t e , H g H T e O 4 . Crys ta l s of 
t h e normal mercurous t e l lu ra te h a v e n o t been p repa red . F . A. GJ-enth discovered 
r ad i a t i ng tuf ts of m i n u t e , acicular or capi l lary , wh i t e c rys ta l s as a decompos i t ion 
p r o d u c t of coloradoi te in a mine in t h e Magnolia d is t r ic t , Colorado ; a n d he called 
t h e minera l magnol i te . H e inferred t h a t i ts compos i t ion is m e r c u r o u s t e l l u r a t e , 
H g 2 T e O 4 , since it behaves t o w a r d s hydroch lor ic acid s o m e w h a t as r ep resen ted b y 
t h e equa t ion : H g 2 T e 0 4 + 8 H C l = 2 H g C l 2 + T e C l 4 + 4 H 2 0 . I t is b lackened b y a q . 
a m m o n i a , a n d is soluble in dil . n i t r ic acid. E . 13. H u t c h i n s found t h a t w h e n a 
la rge excess of a cold cone. soln. of p o t a s s i u m t e l l u r a t e is a d d e d t o a cone. soln. of 
me rcu rous n i t r a t e t h e yellow p rec ip i t a t e , which is first formed, qu ick ly changes t o 
a b rown . The p rec ip i t a t e is s l imy a n d difficult t o wash . I t a p p r o x i m a t e s H g 2 T e O 4 
in composi t ion . E . B . H u t c h i n s was u n a b l e t o p r e p a r e mercurous orthotel lurate , 
H g 6 T e O 6 . W h e n t h e b u l k y yel low p rec ip i t a t e , o b t a i n e d b y t r e a t i n g a h o t di l . 
soln. of p o t a s s i u m t e l lu ra t e w i th a n excess of m e r c u r o u s n i t r a t e soln. , is w a s h e d 
w i t h h o t w a t e r a n d boi led for some t i m e in w a t e r i t is decomposed , g iv ing free 
m e r c u r y . T h e p rec ip i t a t e m a y be boiled for severa l h o u r s w i t h o u t chang ing in 
a p p e a r a n c e , b u t a t l eng th i t se t t les as a h e a v y , b r o w n g r a n u l a r p o w d e r con t a in ing 
free m e r c u r y . Thisfcchange m a y be h a s t e n e d b y r u b b i n g some of t h e p r e c i p i t a t e 
aga ins t t h e s ide of t h e beake r w i t h a glass rod . W h e n t h e b r o w n p o w d e r is h e a t e d 
w i t h hydroch lor ic acid, e l e m e n t a r y t e l l u r i um is p r ec ip i t a t ed . A. O p p e n h e i m 
o b t a i n e d m e r c u r o u s t e l l u r a t e b y t h e ac t ion of te l lur ic ac id on a soln. of m e r c u r o u s 
n i t r a t e . E . B . H u t c h i n s showed t h a t if a n excess of m e r c u r o u s n i t r a t e is e m p l o y e d 
w i t h a h o t dil . soln. of p o t a s s i u m t e l l u r a t e , a yel low, a m o r p h o u s , bas ic sa l t , 
mercurous oxyditel lurate, H g 2 0 . 2 H g T e 0 4 , is fo rmed. A bas ic sa l t w a s also 
p r e p a r e d b y F . Tel tscher . E . B . H u t c h i n s found t h a t w h e n cone . soln. of m e r c u r o u s 
n i t r a t e a n d a soluble t e l l u r a t e or te l lur ic ac id a re m ixed , t h e p r e c i p i t a t e m a y v a r y 
in compos i t ion f rom t h e bas ic sa l t j u s t i nd i ca t ed t o m e r c u r o u s hydrote l lurate , 
H g H T e O 4 , a n y p rec ip i t a t e of m e r c u r o u s t e l l u r a t e m a y be c h a n g e d t o c rys ta l s of 
t h e h y d r o t e l l u r a t e b y t r e a t m e n t w i t h a cold cone. soln. of te l lur ic ac id . Th i s ac id 
t e l l u r a t e is n o t on ly t h e on ly c rys ta l l ine m e r c u r o u s t e l l u r a t e t h a t h a s been p r e p a r e d , 
b u t i t is t h e on ly m e r c u r o u s t e l l u r a t e of definite compos i t ion t h a t h a s been ob ta ined! 
Mercu rous t e l l u r a t e is a s t r ik ing e x a m p l e of a s a l t of a w e a k ac id a n d a w e a k base . 
S l igh t v a r i a t i o n s of t h e cond i t ions u n d e r w h i c h a s a l t is p l aced m a y b r i n g a b o u t a 
c h a n g e in i t s compos i t ion , caus ing i t t o b e c o m e e i the r m o r e ac id or m o r e bas ic . 
Th i s , t o g e t h e r w i t h t h e fac t t h a t t h e sa l t is r ead i ly decomposed g iv ing free m e r c u r y 
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a n d m e r c u r i c t e l l u r a t e , r e n d e r s t h e p r e p a r a t i o n of t h e m e r c u r o u s t e l l u r a t e s some­
w h a t difficult. T h e trihydrate, H g H T e 0 4 . 3 H 2 0 , m a y b e c o n v e n i e n t l y p r e p a r e d b y 
t r e a t i n g a soln . of m e r c u r o u s n i t r a t e w i t h te l lur ic ac id a n d s u b s e q u e n t c h a n g e of 
t h e p r e c i p i t a t e t o t h e c rys ta l l ine sa l t . W h e n t h e soln. of t e l lu r ic ac id is a d d e d t o 
a soln . of m e r c u r o u s n i t r a t e a b r i g h t yel low p r e c i p i t a t e is fo rmed . If a l a rge excess 
of t e l lu r i c ac id is a d d e d , t h e ye l low p r e c i p i t a t e becomes n e a r l y w h i t e a n d s lowly 
c h a n g e s t o colourless c r y s t a l s of H g T e 0 4 . 3 H 2 0 . T h e p resence of cons iderab le free 
n i t r i c ac id in t h e soln. a ids g r e a t l y in t h e f o r m a t i o n of c rys t a l s of t h e sa l t . U n d e r 
t h e s e cond i t i ons c rys t a l s f r e q u e n t l y fo rm on t h e wal ls of t h e c o n t a i n i n g vesse l . 
F . Te l t s che r f o u n d t h a t t h e p o t e n t i a l of p l a t i n i zed p l a t i n u m in w a t e r w i t h m e r c u r o u s 
t e l l u r a t e , H g 2 T e O 4 . 6 H g O . G H 2 O , in suspens ion , is —1-025 v o l t in d a r k n e s s , a n d 
—0-1000 v o l t i n l igh t ; if 0-25-ZV-H2TeO4 is used in p l ace of w a t e r , t h e va lue s a r e 
r espec t ive ly —0-93 a n d — 0-96 v o l t ; a n d w i t h .ZV-H2TeO4, —0-93 a n d —0-94 vo l t . 

J . J . Berze l ius , F . Te l t scher , a n d E . B . H u t c h i n s p r e p a r e d mercuric te l lurate , 
H g T e O 4 , a s a w h i t e , f locculent p r e c i p i t a t e b y m i x i n g cone. soln. of mercu r i c n i t r a t e 
a n d p o t a s s i u m t e l l u r a t e or te l lur ic ac id a t 0 ° . E . B . H u t c h i n s f o u n d t h a t t h e p r e ­
c i p i t a t e is q u i c k l y d e c o m p o s e d b y w a t e r a t r o o m t e m p , i n to te l lur ic ac id a n d bas ic 
mercu r i c t e l l u r a t e . Th i s d e c o m p o s i t i o n goes o n e v e n w h e n t h e p r e c i p i t a t e is 
w a s h e d w i t h w a t e r a t 0° : c o n s e q u e n t l y i t is imposs ib le t o o b t a i n a p u r e wh i t e 
p r o d u c t in su i t ab l e cond i t i on for ana lys i s . T h e p r e c i p i t a t e r e m a i n s w h i t e indefini tely 
in a s a t . soln. of t e l lu r ic ac id a t r o o m t e m p . Crys ta l s of t h e dihydrate, H g T e O 4 . 2 H 2 O , 
free f rom t h e bas ic sa l t we re o b t a i n e d b y m i x i n g cone . soln. of te l lur ic ac id a n d 
m e r c u r i c n i t r a t e a t 0° a n d a l lowing t h e r e su l t ing soln. t o s t a n d a t r o o m t e m p , u n t i l 
t h e sa l t c rys ta l l i zed o u t . T h e d i h y d r a t e a p p e a r s a s t r a n s p a r e n t c rys ta l s be longing 
t o t h e o r t h o r h o m b i c s y s t e m . I t is s lowly d e c o m p o s e d b y cold w a t e r . Boi l ing 
w a t e r q u i c k l y d e c o m p o s e s i t i n t o te l lur ic ac id a n d bas i c m e r c u r i c t e l l u r a t e . If t h e 
w h i t e p r e c i p i t a t e of m e r c u r i c t e l l u r a t e fo rmed b y m i x i n g cone . soln. of mercur i c 
n i t r a t e a n d p o t a s s i u m t e l l u r a t e c o n t a i n i n g free n i t r i c ac id , is a l lowed t o r e m a i n 
u n d i s t u r b e d in t h e m o t h e r - l i q u o r for severa l d a y s a t r o o m t e m p . , nea r ly all of i t 
is c o n v e r t e d i n t o c rys ta l l ine mercur ic orthote l lurate , H g 3 T e O 6 , co r re spond ing 
w i t h t u r p e t h m i n e r a l , H g 3 S O 6 . I n d e e d , all p r e c i p i t a t e s of m e r c u r i c t e l l u r a t e , 
w h e t h e r c rys ta l l ine or a m o r p h o u s , show a s t r o n g t e n d e n c y t o c h a n g e t o mercur i c 
o r t h o t e l l u r a t e in t h e p resence of w a t e r . Th i s p r o p e r t y of m e r c u r i c t e l l u r a t e r ende r s 
it difficult t o p r e p a r e t h e sa l t H g T e O 4 in p u r e cond i t i on . W h e n a n excess of 
mercu r i c n i t r a t e is a d d e d t o a h o t di l . soln. of p o t a s s i u m t e l l u r a t e , a h e a v y , yel low 
g r a n u l a r p r e c i p i t a t e of m e r c u r i c o r t h o t e l l u r a t e is fo rmed . If a cold, cone. soln. 
of m e r c u r i c n i t r a t e is a d d e d t o a cone . soln. of p o t a s s i u m t e l l u r a t e m a d e acid wi th 
n i t r i c ac id , a w h i t e f locculent p r e c i p i t a t e of H g T e O 4 is fo rmed . A t r o o m t e m p , a 
p o r t i o n of t h e p r e c i p i t a t e u s u a l l y a s s u m e s a ye l low colour i m m e d i a t e l y , p r o b a b l y 
d u e t o t h e f o r m a t i o n of a bas ic sa l t . If t h e ac id soln. c o n t a i n i n g t h i s wh i t e or 
yel low flocculent p r e c i p i t a t e is a l lowed t o s t a n d u n d i s t u r b e d for severa l d a y s t h e 
p r e c i p i t a t e is l a rge ly c o n v e r t e d i n t o t r a n s p a r e n t amber - co lou red c rys t a l s of t h e 
o r t h o t e l l u r a t e . F r e q u e n t l y t h e wal l s of t h e c o n t a i n i n g vessel a r e covered w i th 
c r y s t a l s t h a t h a v e s e p a r a t e d f rom t h e ac id soln . I n m a n y cases t h e amber -co loured 
c rys t a l s fo rm in c o n t a c t w i t h t h e w h i t e a m o r p h o u s p r e c i p i t a t e , b u t in all cases t h e 
c rys t a l s a r e en t i r e ly d i s t i n c t f rom t h e p r e c i p i t a t e . Mercur ic o r t h o t e l l u r a t e 
crys ta l l izes i n t h e cub ic s y s t e m , t h e p r e d o m i n a t i n g fo rm be ing t h e dodecahed ron . 
C o m b i n a t i o n s of t h e c u b e a n d d o d e c a h e d r o n a re f r equen t , whi le m a n y c rys ta l s show 
a b r o a d o c t a h e d r a l face o n w h i c h t h e c r y s t a l h a s g r o w n . T h e c rys t a l s c o n t a i n a 
l i t t l e n i t r i c ac id a n d a b o u t 0-6 p e r cen t , of w a t e r . Th i s is cons ide rab ly less t h a n 
one-half of a rnol of w a t e r t o o n e of H g 3 T e O 6 . W h e n h e a t e d , t h e sa l t a s sumes a 
r e d colour , b u t i t r ega ins i t s o r ig ina l co lour u p o n cooling. T h e c rys ta l s a re n o t 
a l t e r e d b y h e a t i n g t o 140° . T h e c rys t a l s a r e insoluble in w a t e r a n d u n c h a n g e d b y 
bo i l ing w i t h w a t e r . T h e y a r e so luble in n i t r i c ac id b u t m o r e r ead i ly soluble in 
hyd roch lo r i c ac id . W . von B e h r e n a n d J . T r a u b e s t u d i e d t h e s t ab i l i t y of t h e 
colloidal soln. of t h e t e l l u r a t e , H g 3 H 3 T e O 6 . F . Te l t scher s t a t e d t h a t he h a d ob t a ined 
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a bas ic mercuric tellurate, H g 2 0 . 6 H g O . T e O ? . 6 H 2 0 , b y t h e a c t i o n of a cone . soln. of 
mercuxous n i t r a t e on a soln. of t e l lu r ic ac id . T h e yel low p r e c i p i t a t e c a n b e k e p t 
a long t i m e in da rkness w i t h o u t c h a n g e , b u t i t b l ackens in d a y l i g h t . 

J . J . Berzel ius p r e p a r e d a l u m i n i u m tel lurate a s a w h i t e p r e c i p i t a t e b y t h e ac t ion 
of a soluble t e l l u r a t e on a soln. of a n a l u m i n i u m sa l t . T h e p r e c i p i t a t e is so luble in 
a n excess of t h e a l u m i n i u m sa l t . A . O p p e n h e i m w a s u n a b l e t o p r e p a r e potassium 
aluminium, tellurate ana logous t o t h e a l u m s . F . W . Clarke p r e p a r e d t h a l l o u s 
te l lurate , T l 2 TeO 4 , b y m i x i n g soln. of a m m o n i u m t e l l u r a t e a n d t h a l l o u s n i t r a t e . 
T h e h e a v y , wh i t e p rec ip i t a t e recalls t h a t of silver chlor ide . L . M. D e n n i s a n d 
M. J3oan also ob t a ined i t a s a whi t e noccu len t p r ec ip i t a t e , spa r ing ly soluble in w a t e r , 
b y mix ing soln. of te l lur ic acid a n d tha l lous h y d r o x i d e . F . W . Clarke found t h a t 
when dr ied a t 120°, i t s sp . gr. is 5-712 a t 20° ; a n d 5-687 a t 22° . W h e n h e a t e d t o 
180°, t h e sa l t becomes pa le yellow wi th t h e loss of 1-46 p e r cen t , of w a t e r , a n d i t s 
sp . gr. is t h e n 6-742 a t 16°, a n d 6-760 a t 17-6°. I t me l t s a t a r e d - h e a t a n d is r e d u c e d 
t o te l lur ide . W h e n h o t t h e colour is b lack , b u t on cooling i t forms a clear, l emon-
yellow glass. J . J . Berzel ius o b t a i n e d y t t r ium te l lurate b y a m e t h o d ana logous 
t o t h a t used for t h e a l u m i n i u m sal t . A. G u t b i e r m i x e d a q . soln. of te l lur ic ac id or 
a n alkal i t e l lu ra t e w i th an aq . soln. of a m m o n i u m ce r ium n i t r a t e , a n d o b t a i n e d a 
pa le yellow, s l imy p rec ip i t a t e of cerous tellurate* J . J . Berze l ius p r e p a r e d 
z i rcon ium tel lurate as a vo luminous , wh i t e p r e c i p i t a t e on m i x i n g soln. of z i rcon ium 
chlor ide a n d sod ium h y d r o te l lu ra te : t h e p r ec ip i t a t e is soluble in a n excess of t h e 
z i rconium s a l t ; likewise also w i t h t h o r i u m t e l l u r a t e wh ich is insoluble in a n excess 
of t h e t h o r i u m sal t . A. G u t b i e r also o b t a i n e d t h o r i u m tel lurate , as a wh i t e , c u r d y 
prec ip i ta te , from a soln. of p o t a s s i u m t e l l u r a t e a n d t h o r i u m n i t r a t e . 

I . D o m e y k o m e n t i o n e d t h e occur rence of l ead t e l l u r a t e i n a m i n e in t h e p rov ince 
of Coqu imbo , Chile. J . J . Berze l ius sa id t h a t a bas ic sa l t is p r o d u c e d a s a 
vo luminous , wh i t e p r ec ip i t a t e w h e n p o t a s s i u m h y d r o t e l l u r a t e a n d bas ic lead a c e t a t e 
soln. a re m i x e d ; he o b t a i n e d l ead tel lurate, P b T e O 4 , b y m i x i n g soln. of n o r m a l 
l ead ace t a t e a n d p o t a s s i u m t e l l u r a t e ; t h e w h i t e , h e a v y p r ec ip i t a t e is spa r ing ly 
soluble in wa te r ; b y t h e use of a lka l i h y d r o t e l l u r a t e , l ead hydrote l lurate , 
P b ( H T e 0 4 ) 2 . n H 2 0 , is formed, a n d i t is m o r e soluble in w a t e r t h a n t h e n o r m a l 
t e l l u ra t e . F . C Ma the r s a n d F . V. G r a h a m o b t a i n e d l ead t e l l u r a t e b y t h e ac t i on 
of lead d ioxide on t e l l u r ium d iox ide a t 170°. Accord ing t o J . J . Berzel ius , a £>recipi-
t a t e of lead tetratel lurate , P b T e 4 O 1 3 , is p r o d u c e d w h e n an a lka l i t e t r a t c l l u r a t e is u sed 
a s p r e c i p i t a n t . I t is ye l low w h e n h o t , a n d w h i t e w h e n cold. I t is soluble in dil . n i t r i c 
ac id , even after ign i t ion ; less soluble in ace t ic ac id ; a n d fair ly soluble in wa t e r . 

A . O p p e n h e i m w a s u n a b l e t o p r e p a r e a n arsenic te l lurate . Accord ing 
t o R . F . W e i n l a n d a n d H . P r a u s e , te l lur ic ac id u n i t e s w i t h t h e a r sena t e s of 
t h e a lka l i m e t a l s to % form complex sa l t s . T h u s , a m m o n i u m diarsenatotel lurate , 
2 ( N H 4 J 2 O - A s 2 O 5 - T e O 3 ^ H 2 O , w a s o b t a i n e d b y a d d i n g 4 mols of aq . a m m o n i a t o a 
soln. of o r tho te l lu r ic ac id a n d 4 mol s of a m m o n i u m d i h y d r o a r s e n a t e , in as l i t t le 
w a t e r as possible, a t o r d i n a r y t e m p . , a n d e v a p o r a t i n g t h e soln. over su lphur ic 
ac id . T h e t r ic l inic c rys ta l s a r e i s o m o r p h o u s w i t h t h e co r re spond ing p h o s p h a t e , 
a n d h a v e t h e ax ia l r a t i o s a : b : c = 0 - 7 2 4 1 : 1 : 0*7468, a n d <x=90° 34 ' , £ ^ 9 4 ° 7 ' , 
and y = 9 2 ° 17'. Likewise ammonium triarsenatotellurate, 4(NH4)20.3As2O5 . 
2TeO s i . l I H 2 O , was o b t a i n e d us ing a m o l of o r tho te l lu r i c ac id , 4 mo l s of a m m o n i u m 
d i h y d r o a r s e n a t e , a n d a mo l of a m m o n i a . T h e c rys ta l s a re i somorphous w i t h t h e 
co r r e spond ing p h o s p h a t e . S imi lar ly , u s ing a m o l of o r tho te l lu r i c acid , 4 mols of 
a r sen ic ac id , a n d 5*2 mol s of s o d i u m h y d r o x i d e , s o d i u m arsenatotel lurate , 
2 N a 2 O - A s 2 O 2 . 2 T e 0 3 . 9 H 2 0 , w a s o b t a i n e d in smal l , s ix-s ided p l a t e s . Potassium 
and rubidium arsenatotellurates could n o t be p r e p a r e d . T h e g r a p h i c formulae given 
for t h e a b o v e sa l t s a r e ; 

(NaO)3== AsO (JSTH4O)8=AsO ( N H 4 O ) 4 = A A O N ^ 0 J O H 
H O - T e O 8 ^ ^ ( N H 4 O ) 2 = A s O ^ A e w * N H 4 O - A s O O H H 0 ^ A S O ~ O N H 4 

2Na2O.As2O6 .2TeO3 .0HaO 2(N H4)aO. AB a0 6 .Te0 3 .4H aO 4 ( N H 4 ) 2 0 . 3 A R 2 0 6 
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A. Oppen l i e im cou ld n o t p r e p a r e antimony tellurate. ~F. A . G e n t h found a 
yel lowish- , g reen ish- or b rowni sh - r ed , soft, e a r t h y i n c r u s t a t i o n , w i t h o u t d i s t i n c t 
c rys t a l l i ne s t r u c t u r e o n t h e t e t r a d y m i t e of H i g h l a n d , M o n t a n a , a n d h e cal led t h e 
m i n e r a l m o n t a n i t e ; i t w a s also f o u n d b y T . W . E . D a v i d t o a c c o m p a n y t h e t e t r a ­
d y m i t e of N o r o n g o , N e w S o u t h W a l e s . Ana lyse s r e p o r t e d b y F . A. G e n t h , 
T . W . E . D a v i d , a n d C. F . R a m m e l s b e r g , agree w i t h B i 2 O 3 . T e 0 3 . 2 H 2 0 , or 
B i 2 O 3 . T e O 3 . H 2 O . I t c a n the re fo re b e r e g a r d e d as a h y d r a t e d b i s m u t h or t l io -
te l lurate , B i 2 T e O 6 . 2 H 2 O , h y d r a t e d b i s m u t h y l te l lurate , ( B i O ) 2 T e O 4 . H 2 O , or, 
a c c o r d i n g t o P . G r o t h a n d K . Miele i tner , { B i ( 0 H ) 2 } 2 T e 0 4 . 

J . J . Berze l ius p r e p a r e d c h r o m i c te l lurate i n greyish-green flecks b y m i x i n g 
soln. of a c h r o m i c sa l t a n d a n a lka l i t e l l u r a t e . I t is soluble in a n excess of a c h r o m i c 
sa l t soln. , b u t n o t i n soln . of p o t a s s i u m t e l l u r a t e or s u l p h a t e . A. O p p e n h e i m 
also p r e p a r e d t h i s sa l t , b u t h e w a s u n a b l e t o o b t a i n potassium chromiuin tellurate 
a n a l o g o u s t o c h r o m e - a l u m . A . B e r g e v a p o r a t e d s p o n t a n e o u s l y a n a q . soln. con­
t a i n i n g 2 mo l s of c h r o m i u m t r i o x i d e a n d a m o l e a c h of p o t a s s i u m d i c h r o m a t e a n d 
te l lu r ic ac id . A n il l-defined c rys t a l l ine c r u s t of p o t a s s i u m chromote l lurate , 
2 K 2 0 . 4 C r O 3 . T e O 3 , w a s o b t a i n e d ; s imi la r ly w i t h a m m o n i u m chromote l lurate , 
2 ( N H 4 ) 2 0 . 4 C r 0 3 . T e 0 3 ; a n d t h e v e r y soluble s o d i u m chromote l lurate , 
2JSTa20.4CrO3 .TeO3 . H e r e g a r d e d t h e s e sa l t s a s d e r i v a t i v e s of chromote l lur ic ac id , 
TeO(O-CrO 2 -OH) 4 , wh ich , i n t u r n , is d e r i v e d f rom paratelluric acid, T e O ( H O ) 4 . 

V. W. Meloche and W. Woodstock obtained ammonium telluratohexamolybdate, 
3 ( N H 4 J 2 O . T e O 3 . 6 M o O 3 . 7 H 2 O , f rom a soln. of a m o l of t e l lu r ic ac id a n d 4 mols of 
m o l y b d i c ac id w i t h enough a q . a m m o n i a t o sat isfy t h e te l lu r ic ac id , b y e v a p o r a t i o n 
a n d c rys t a l l i za t ion . A soln. of e q u i m o l a r p r o p o r t i o n s of te l lur ic a n d m o l y b d i c 
ac ids , w i t h e n o u g h a m m o n i a t o sa t i s fy half t h e h y d r o g e n a t o m s of te l lur ic acid , 
H 2 T e O 6 , o n e v a p o r a t i o n a n d cool ing, g a v e clear , w h i t e c rys t a l s of a m m o n i u m 
ditelluratohexamolybdate, 3(NH4)2O.2TeO3.6MoO3.10H2O. Both compounds 
decompose a t 550° l eav ing a res idue of t e l l u r i u m d iox ide w i t h a sma l l a m o u n t of 
m o l y b d i c ac id . 

J . J . Berze l ius s imi la r ly p r e p a r e d u r a n y l te l lurate as a v o l u m i n o u s pa le yel low 
p r e c i p i t a t e inso lub le i n a n excess of u r a n y l n i t r a t e soln. A. G u t b i e r found i t t o be 
r e a d i l y . soluble i n cold h y d r o c h l o r i c ac id . J . O. P e r r i n e sa id t h a t i t shows n o 
u l t r a - v i o l e t f luorescence w i t h t h e X - r a y s . 

J - J ; Berze l ius o b t a i n e d m a n g a n e s e te l lurate a s a w h i t e flocculent p rec ip i t a t e 
b y m i x i n g soln. of a lka l i t e l l u r a t e a n d a m a n g a n e s e sa l t . J . J Berze l ius o b t a i n e d 
ferric tellurate i n*pa le ye l low flakes soluble i n a n excess of t h e ferric sa l t ; a n d 
ferrous te l lurate a s a w h i t e p r e c i p i t a t e , wh ich , on exposu re t o air , becomes greenish-
g r e y a n d t h e n b rown i sh - r ed . F . A . G e n t h r e p o r t e d a s t r aw-ye l low t o greenish-
yel low m i n e r a l wh ich h e ca l led ferrotel lurite occur r ing a l ^ t h e K e y s t o n e Mine, 
Magnol ia Dis t r i c t , Colorado . I t w a s s u p p o s e d t o b e fer rous t e l l u r a t e , F e T e O 4 , b u t , 
acco rd ing t o J . D . D a n a , t h e c rys t a l s m a y h a v e been t h o s e of t e l lu r i t e coloured 
w i t h ferric ox ide . T h e m i n e r a l w a s inso luble i n a q . a m m o n i a ; a n d soluble i n 
hydroch lo r i c ac id . J . J . Berze l ius o b t a i n e d cobal t te l lurate , as a v o l u m i n o u s 
b lu i sh -purp le p r ec ip i t a t e , a n d n i c k e l te l lurate a s a pa le g reen p r e c i p i t a t e . 

J . F . N o r r i s a n d H . F a y cou ld n o t p r e p a r e a n y t e l lurothionates ana logous t o 
se lenot e t r a t h i o n a t e . 
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§ 12. Tellurium Halides 
H . Moissan 1 f ound t h a t p o w d e r e d t e l l u r i u m p u t i n c o n t a c t w i t h f luorine c o m ­

b ines w i t h incandescence g iv ing a n a b u n d a n c e of w h i t e fumes . T h e who le m a s s 
is qu ick ly covered w i t h a solid, c rys ta l l ine f luoride, eas i ly vo la t i l e a n d v e r y h y g r o ­
scopic, h a v i n g t h e a spec t a n d p rope r t i e s of t h e t e l lur ium tetrafluoride, T e F 4 , 
descr ibed b y J . J . Berzel ius ; b u t E . B . R . P r i d e a u x showed t h a t t h e p r o d u c t is t h e 
hexaf luor ide—vide infra. J. J . Berze l ius p r e p a r e d t h e t e t r a f luo r ide b y d i sso lv ing 
t e l l u r i u m d iox ide in hydrof luor ic ac id , e v a p o r a t i n g t h e l i qu id on a w a t e r - b a t h t o a 
t r a n s p a r e n t , colourless s y r u p which , on cooling, solidified t o a m i l k - w h i t e m a s s of 
smal l , w a r t y g ranu les . W h e n t h e p r o d u c t is h e a t e d , w a t e r a n d hydrof luor ic ac id 
a r e g iven off, a n d finally a s u b l i m a t e of t e l l u r i u m t e t r a f l u o r i d e — a n oxyf luor ide 
r e m a i n s as a r e s idue . H . Me tzne r t r e a t e d t h e mo the r - l i quo r , u s e d in t h e p r e p a r a ­
t i o n of t h e oxyfluoride, T e O F 2 - H 2 O , w i t h l iqu id h y d r o g e n fluoride, cooled t o 
—70° ; on ra i s ing t h e t e m p , t o —28°, t h e l iqu id p o r t i o n is r e m o v e d , a n d t h e r e 
r e m a i n c rys t a l s of t h e t e t ra f luor ide w h i c h c a n be d r i ed o n p a p e r a t —30° . 
E . B . R . P r i d e a u x a n d J . O 'Nei l Mi l lo t t d i d n o t obse rve t h i s s e p a r a t i o n of t h e 
t e t r a f luo r ide . A tetrahydrate, T e F 4 . 4 H 2 O , -was p r e p a r e d b y A. J . H o g b o m . 

A n u m b e r of f luotel lurites h a s been p r e p a r e d f rom soln. of t e l l u rous ac id a n d 
v a r i o u s h y d r o x i d e s a n d c a r b o n a t e s in hydrof luor ic ac id . T h u s , H . L . Wel l s a n d 
J . M. Will is p r e p a r e d CSesium pentafluotel lurite , C s T e F 6 , f rom m i x e d soln. of 
t e l l u r i u m d iox ide and*csesium fluoride in hydrof luor ic ac id . T h e sa l t fo rms t r a n s ­
p a r e n t , colourless need les . I t is d e c o m p o s e d b y w a t e r ; b u t i t is s t ab le in h y d r o ­
fluoric ac id so ln . A . J . H o g b o m p r e p a r e d a m m o n i u m pentaf luotel lurite , 
N H 4 T e F 5 - H 2 O , w h i c h furnishes colourless p r i s m a t i c c rys t a l s ; p o t a s s i u m pentaf luo­
te l luri te , K T e F 5 , g ives long colourless needles ; a n d b a r i u m pentaf luotel lurite , 
B a ( T e F 5 ) 2 . H 2 0 , g ives i r r egu la r l a m e l t e . T h e c rys t a l s become o p a q u e w h e n 
e x p o s e d t o a i r ; a n d a re d e c o m p o s e d b y w a t e r . T h e f luotel lur i tes of copper , si lver, 
b e r y l l i u m , a n d n icke l cou ld n o t be p r e p a r e d . J . J . Berze l ius descr ibed s o d i u m 
fluotellurite a s a c o m p o u n d wh ich fo rmed ill-defined c rys ta l s soluble in a smal l 
p r o p o r t i o n of boi l ing w a t e r , b u t d e c o m p o s e d b y a la rger p r o p o r t i o n of -water. 
R . F . W e i n l a n d a n d J . Alfa cou ld n o t p r e p a r e t h i s sa l t . 

E . B . H . P r i d e a u x f o u n d t h a t w h e n fluorine a c t s on t e l l u r i u m a t —78° , w h i t e , 
c ry s t a l l i ne t e l l u r i u m hexaf luoride , T e F 6 , is fo rmed . Th i s m e l t s t o a clear , mobi le 
l i q u i d a s t h e t e m p , r ises, a n d t h e n a s s u m e s t h e gaseous s t a t e . T h e gas h a s a n 
u n p l e a s a n t o d o u r reca l l ing t h a t of t e l l u r i u m h y d r i d e a n d t h a t of ozone . T h e s p . gr . 
of t h e l i q u i d is 3*025 a t —35-5° ; a n d t h e m o l . vol . , 79-9. T h e coefL of expans ion 
of t h e l i q u i d b e t w e e n —3-5° a n d 51-5° is O 0 3 2 . T h e m . p . is — 3 6 ° ; a n d t h e 
b*p, , —35*5°. T h e v a p . p ress , of t h e sol id a t 3 5 5 ° is 760 m m . T h e cr i t ica l 
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t e m p , is 83-25°. T h e v a p . d e n s i t y (oxygen 16) is 119-5, in a g r e e m e n t w i t h a mol . 
w t . 239 w h e n t h e c a l c u l a t e d v a l u e for TeFa is 241-6. T h e re f rac t ive i n d e x is 1-00091 
w h e n t h e v a l u e c a l c u l a t e d f rom t h e a d d i t i o n ru l e is 1*001823. T h e gas does n o t 
a t t a c k glass ; a n d i t is d e c o m p o s e d b y w a t e r : T e F 6 4 - 4 H 2 O = H 2 T e O 4 + 6 H F . 
N . V. S idgwick d i scussed t h i s r e a c t i o n . 

T h e a c t i o n of ch lor ine o n t e l l u r i u m h a s been p rev ious ly d i scussed . H . Hose 2 

obse rved t h a t w h e n a s low c u r r e n t of ch lor ine is passed ove r s t r o n g l y h e a t e d 
t e l l u r ium, or n a t u r a l s i lver t e l lu r ide , t e l l u r i u m dichloride, TeCl 2 , a c c o m p a n i e d b y 
s o m e t e t r a c h l o r i d e , col lects as a d i s t i l l a t e . T h e t w o c a n be s e p a r a t e d b y f rac t iona l 
d i s t i l l a t ion . Accord ing t o V. L e n h e r , t h e d ich lor ide c a n be p r e p a r e d b y pass ing 
t h e v a p o u r of s u l p h u r m o n o c h l o r i d e ove r s t r o n g l y h e a t e d t e l l u r i u m : Te-[-S 2Cl 2 
= T e C l 2 + 2 S ; t h e b l a c k d ich lor ide soon changes t o t h e wh i t e t e t r a c h l o r i d e : 
TeCl2-J-S2Cl2== T e C l 4 + 2 S . K . L i n d n e r a n d L . A p o l a n t o b t a i n e d t h e d ich lor ide 
b y h e a t i n g t e l l u r i u m i n t h e v a p o u r of c a rbony l ch lor ide ; t h e b r o w n v a p o u r s 
condense t o a b l a c k c rys ta l l ine m a s s . M. D a m i e n s o b s e r v e d no ev idence of t h e 
ex is tence of t h e d ich lor ide o n t h e f .p. cu rve of m i x t u r e s of t h e c o n s t i t u e n t e l ements , 
F i g . 4 3 . H e n c e , t h e d ich lor ide is s t ab l e o n l y i n t h e gaseous s t a t e or i n soln. a n d 
in equ i l i b r i um w i t h i t s d e c o m p o s i t i o n p r o d u c t s — t e l l u r i u m a n d t e l l u r i um t e t r a ­
chlor ide . As i t solidifies, i t d issocia tes i n t o a solid soln. of t h e e l emen t in t h e 
t e t r a c h l o r i d e . J . J . Berze l ius , a n d A. Michael is h e a t e d t h e m i x e d d i - a n d t e t r a ­
chlor ides w i t h t e l l u r i u m i n a flask f i t t ed w i t h a 
reflux condense r for a long t i m e so a s t o r educe t h e ^00° 
t e t r a c h l o r i d e t o t h e d ich lo r ide . T e l l u r i u m dich lor ide 
is a b lack , a m o r p h o u s , hygroscop ic solid, wh ich , 
sa id H . Hose , does n o t fume in a i r ; w h e n p o w d e r e d , 
i t is ye l lowish-green . A. Michael is f ound t h e v a p . 
d e n s i t y a t 444° t o b e 6*6 t o 7-0 (air u n i t y ) w h e n 
t h e ca l cu l a t ed v a l u e for TeCl 2 is 6-89. A . Michael i s 
gave 175° for t h e m . p . , a n d T. Carne l l ey a n d 
W . C. W i l l i a m s 209° ± 5° ; a n d for t h e b . p . 327° , 
whi le A. Michael is g a v e 324° . W . H e r z g a v e 
7-05 for t h e s p . gr . ; 16-6 cals . p e r g r a m for t h e 
h e a t of fusion ; a n d 2-64 X 1 0 1 2 for t h e v i b r a t i o n 
f requency . T h e m o l t e n l iqu id is b l ack ; a n d t h e 
v a p o u r h a s a co lour n o t un l ike t h a t of iodine , b u t 
s o m e w h a t pa le r . T h e a b s o r p t i o n s p e c t r u m -was s t u d i e d b y D . G<iTiiez, A. Wiil lner , 
a n d W . F r i ede r i chs . W h e n t h e r edd i sh v a p o u r of s u l p h u r d ich lor ide is h e a t e d i t 
becomes pa le r a n d t h e n a s s u m e s a ye l low colour, a n d l ike t e l l u r ium t e t r ach lo r ide 
i t t h e n shows n o a b s o r p t i o n s p e c t r u m . A. Voigt a n d W . Hil tz found t h e 
electr ical c o n d u c t i v i t y of t h e d ich lor ide t o be 0-042 m h o a t 206° ; 0-0668 m h o 
a t 230° ; 0-114 m h o a t 271° ; a n d 0-151 a t 305°. W . Bi l tz g a v e 0-042 for t h e t e m p , 
coefr. K . T . C o m p t o n g a v e 2-70 v o l t for t h e ioniz ing p o t e n t i a l . A. Michael is 
found t h a t w h e n t h e d ich lo r ide is h e a t e d i n oxygen , i t decomposes w i th i ncan ­
descence fo rming t h e t e t r a c h l o r i d e a n d d iox ide . W a t e r , ac ids , a n d a lkal i - lye were 
found b y H . R o s e t o d e c o m p o s e t h e d ich lor ide f o r m i n g t e l l u rous ac id a n d t e lh i r i um. 
K . L i n d n e r a n d L . A p o l a n t sa id t h a t w a t e r c o n v e r t s t h e d ich lor ide i n t o t e l l u r i u m 
a n d oxyd ich lo r ide . Acco rd ing t o J . J . Berze l ius , t h e s a m e p r o d u c t s a re o b t a i n e d 
w h e n t h e d ich lor ide is t r i t u r a t e d -with ca lc ium ox ide or sod ium, c a r b o n a t e . 
M. D a m i e n s found t h a t a n e the rea l soln. of t e l l u r i u m dich lor ide abso rbs b r o m i d e 
fo rming w h i c h a p p e a r s t o b e tellurium chlorobromide ; a n d i t ab so rbs iodine fo rming 
w h a t m a y b e tellurium chloroiodide; b u t n e i t h e r s u b s t a n c e could be i so la ted . 
J . J . Berze l ius f o u n d t h a t w h e n a m i x t u r e of a m m o n i u m chlor ide a n d an a lkal i 
t e l lu r i t e is h e a t e d ammonium chlorotellurite, NH4CL^cTeCl2 , is fo rmed as a b lack 
s u b l i m a t e , a n d w h e n t r e a t e d w i t h a sma l l p r o p o r t i o n of wa te r , t h e complex sal t 
t u r n s w h i t e owing t o t h e s e p a r a t i o n of t e l lu rous ac id ; t h i s ac id dissolves comple te ly 
l eav ing t e l l u r i u m b e h i n d ; w i t h a la rger p r o p o r t i o n of wa te r , a m i x t u r e of t e l lu r ium 
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a n d t e l lu rous ac id is p rec ip i t a t ed . This m a y b e s e p a r a t e d b y hydroch lo r i c ac id , 
a n d t h e w a t e r holds in soln. a m m o n i u m chloro te l lu ra te a n d ch lor ide . A . G u t b i e r 
a n d F . F lu ry—v ide t e l l u r ium d iox ide—said t h a t t h e b l ack s u b l i m a t e is p r o b a b l y 
te l lur ium diamminodichlor ide , TeCl 2 . 2NH 3 . K . L i n d n e r a n d L . A p o l a n t f o u n d 
t h a t t h e r epea t ed sub l ima t ion of t h e dichlor ide w i t h a deficiency of a m m o n i u m 
chloride, yields a m m o n i u m tetrachlorotel lurite, (NH 4 J 2 TeCl 4 , a s a greenish com­
p a c t mass , which is n o t hygroscopic , a n d does n o t change i n a i r . Te l l u r i um 
t r i ch lor ide m a y be fused w i th t e l lu r ium in all p ropor t ions ; a n d w h e n t h e m i x t u r e 
is hea t ed in a r e to r t , i t first gives off t e l l u r ium dichlor ide, t h e n meta l l i c d r o p s of a 
c o m p o u n d r icher in t e l l u r i um—th i s is t h e only evidence for t h e ex i s tence of a 
tellurium subchloride—cf. F ig . 43 . The res idue left in t h e r e t o r t resembles t e l l u r i u m , 
b u t is m o r e easi ly powdered a n d r eddens l i t m u s . I t is freed f rom t h e a d h e r e n t 
chlor ine b y fusion in a n a t m . of hydrogen , or b y boi l ing first w i t h hydroch lo r i c ac id 
a n d a f t e rwards w i t h wa te r . 

As ind ica ted in connec t ion w i th t e l lu r ium dichlor ide , when a n excess of chlor ine 
a c t s on h e a t e d te l lur ium, te l lurium tetrachloride, TeCl4 , m i x e d wi th some dichlor ide 
is formed. J . J . Berzelius, a n d A. Michaelis s epa ra t ed t h e m i x t u r e b y f rac t ional 
d i s t i l l a t ion . V. Lenher , a n d R . W . E . M a c l v o r also ob t a ined i t b y pass ing t h e 
v a p o u r of su lphur monochlor ide over h e a t e d t e l lu r ium. J . H . S imons also o b t a i n e d 
i t b y distill ing off t h e t e t rach lor ide . Te l lu r ium t e t r ach lo r ide , a t o r d i n a r y t e m p . , 
is a snow-white crystal l ine mass . J . J . Berzel ius found t h a t i t m e l t s t o a n a m b e r -
yellow liquid, which becomes d a r k red nea r t h e b . p . A. Wel ler showed t h a t i t is 
a n e x a m p l e of a colourless solid giving a coloured l iquid, a n d v a p o u r for t h e yel low 
vapour , said A. Wiil lner, shows no absorp t ion s p e c t r u m . J . H . S imons showed t h a t 
t h e change in t h e colour of t h e v a p o u r above 50O° is d u e t o t h e dissociat ion of t h e 
t e t rach lo r ide in to d a r k red dichloride. J . H . S imons g a v e for t h e sp . gr. of t h e 
l iquid : 

2 3 2 ° 2 7 7 ° 314° 3 4 1 ° 3 8 5 ° 424° 4 2 7 ° 
S p . gr . . 2-559 2-494 2-443 2-402 2-334 2-275 2-2G0 

A. Michaelis found t h e v a p o u r dens i ty (air un i ty ) a t 441° t o be 9-03 t o 9-22, a n d a t 
530°, 8-47 t o 8-86. The ca lcu la ted va lue for TeCl4 is 9-33. J . H . S imons gave for 
t h e v a p o u r dens i ty ( H 2 =2*01 G) : 

420° 450° 48()° 507° 522° 501° COl ° 
V a p . d e n s i t y . 290-3 2 8 3 1 277-7 273 2 269-1 260-2 250-5 

I t is concluded t h a t t h e v a p o u r consis ts of single molecules of TeCl4 from t h e m . p . 
t o a b o u t 500° where t h e dissociat ion TeCl 4 =TeCl 2 H-Cl 2 begins. J . H . Simons gave 
for t h e surface tens ion , cr dynes per cm. : 

2 3 8 ° 2 6 0 ° 280° 316° 352-5° 370° 413*5 
or . 40-2 38-3 36-87 34-25 31-57 3 0 0 9 26 92 

a n d t h e p a r a c h o r r anges from 265-8 t o 269-2. T h e v a p o u r press . , p m m . 
2 3 3 J 2 0 0 ° 278-5° 313° 3 4 5 ° 3 0 0 ° 3 q 0 ° 

V - • - 10-8 20-O 45-5 116 7 269-5 396-5 755-6 

T h e re su l t s a r e t a k e n t o m e a n t h a t t h e molecules of t h e v a p o u r a re associated only 
t o a s l ight e x t e n t . T . Carnel ley a n d W . C. Wil l iams gave 224° for t h e m p • 
J . H . S imons , 225° ; M. D a m i e n s , 223°—Fig . 41 ; A . Michaelis, 214°. W . Bil tz 
a n d H . F r i ed r i ch , 224° ; a n d R . W . E . Mac lvo r , 214-5°. T . Carnelley a n d 
W . C. Wi l l i ams g a v e 414° for t h e b . p . ; J . H . Simons , 390° ; a n d A. Michaelis 
380°—if t h e c o m p o u n d con ta in s t e l l u r i u m dioxide as impur i t y , t h e b . p . m a y a p p e a r 
h igher . M. Wasilieff d iscussed t h e eu tec t i c T e + T e C l 4 . The h e a t of vapor iza t ion 
,was f o u n d b y J . H . S i m o n s t o b e 18,400 cals. per mol. A. Voigt a n d W . Bi l tz gave 
for t h e e lect r ica l c o n d u c t i v i t y , 0*1145 m h o a t 236° ; 0-161 m h o a t 271° ; 0-203 a t 
3 1 6 ° ; a n d W . Bi l t z g a v e for t h e t e m p , coeff. 0-11 . J . H . S imons concluded t h a t 
th© molecu le cons is t s of a t en -e lec t ron shell su r round ing a cent ra l a t o m , four p a r t s 
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of t he se be ing s h a r e d w i t h chlor ine a t o m s . S. K y r o p o u l o s s t u d i e d t h e dielectr ic 
c o n s t a n t s of t h e c rys t a l s . 

J . J . Berze l ius , a n d V. L e n h e r f o u n d t h a t t h e t e t r a c h l o r i d e is s t ab l e i n d r y a i r ; 
b u t i n m o i s t air , i t de l iquesces t o a clear yel low l i q u i d w h i c h g r a d u a l l y becomes 
t u r b i d , a n d dr ies w i t h t h e loss of h y d r o g e n chlor ide t o leave a n oxych lor ide as 
res idue . I t d issolves c o m p l e t e l y in boi l ing wa te r , a n d w h e n t h e soln. cools, c rys ta l s 
of t e l l u r i u m d iox ide , a c c o m p a n i e d b y a l i t t l e oxych lor ide , s e p a r a t e o u t . T h e a q . soln. 
b e h a v e s l ike a soln . of t e l l u r i u m d iox ide i n hydroch lo r i c ac id . P . E . B r o w n i n g a n d 
W . R . !Flint sa id t h a t in t h e hydro lys i s of t h e t e t r ach lo r ide , h o w e v e r large t h e p ro ­
p o r t i o n of w a t e r e m p l o y e d w h e n h o t , a l l t h e t e l lu rous ac id is p r ec ip i t a t ed , t h a t -which 
r e m a i n s i n soln. m a y be p r e c i p i t a t e d as d iox ide b y a d d i n g a m m o n i a t o t h e boi l ing 
soln. , a n d t h e n ace t i c ac id ; a n d t h e y t h o u g h t t h a t t h e f rac t ion r e m a i n i n g in soln. 
d u r i n g t h e hydro lys i s w a s a r e l a t e d dwi - t e l lu r ium—v ide supra. T h e y also showed 
t h a t if t e l l u rous oxide , freed f rom te l lu r ic ox ide , is d isso lved in hydroch lo r i c ac id 
which h a s been exposed t o b r igh t sun l igh t , a n d t h e soln. h y d r o l y z e d w i t h boi l ing 
wa te r , t h e p r e c i p i t a t e g ives n o ch lor ine w h e n boi led w i t h hydroch lo r i c ac id . 
R . Me tzne r sa id t h a t t e l l u r i u m t e t r a c h l o r i d e dissolves i n cone , hydroch lo r i c acid, a n d 
t h e soln. , s a t . w i t h h y d r o g e n ch lor ide a t —30° , furn ishes yel low needles of t e l lur ium 
hydropentachlor ide , TeCl 4 -HCh Th i s m e l t s a t —20° . I t fumes in a i r g iv ing oft 
h y d r o g e n ch lor ide . W . S t r ecke r a n d W . Elbert sa id t h a t a t 0° , wh i t e , hygroscopic 
t e l lur ium hexamminote trach lor ide , TeCl 4 . 6NH 3 , is fo rmed in a m m o n i a gas ; if t h e 
ha l ide is a t —80° t h e a m m o n i a condens ing on t h e t e t r a h a l i d e p roduces a m i x t u r e 
which d e t o n a t e s w h e n h e a t e d , p r e s u m a b l y owing t o t h e f o r m a t i o n of n i t rogen te l lur ide 
(q.v.). V. L e n h e r found t h a t t e l l u r i u m t e t r a c h l o r i d e is spa r ing ly soluble i n cold 
s u l p h u r monoch lo r ide , b u t r ead i ly soluble i n t h e h o t l iqu id . C. W h i t e h e a d r ep resen ted 
t h e r e a c t i o n w i t h t e l l u r i u m h y d r i d e b y T e C l 4 + 2 H 2 T e = 3 T e + 4 H C l . Accord ing t o 
J . J . Berze l ius , t e l l u r i u m t e t r a c h l o r i d e m i x e s w i t h fused t e l l u r i u m dichlor ide in al l 
p ropor t ions—if t h e fo rmer p r e d o m i n a t e s , t h e c o m p o u n d is ye l low or d a r k r ed w h e n 
l iqu id , a n d if t h e l a t t e r p r e d o m i n a t e s , b l ack . A . W . R a l s t o n a n d J . A. Wi lk inson 
found t h a t a t low t e m p , l i qu id h y d r o g e n su lph ide r educes t h e t e t r a c h l o r i d e t o t h e 
monoch lo r ide , a n d a t o r d i n a r y t e m p . , t o t e l l u r i u m . W . P r a n d t l a n d P . Bor in sky 
found t h a t s u l p h u r t r i o x i d e r e a c t s w i t h t e l l u r i u m t e t r a c h l o r i d e fo rming t h e complex 
TeCl 4 .SO 3 . H . M e t z n e r f o u n d t h a t if a m m o n i a be pas sed over t e l l u r i u m t e t r ach lo r ide 
a t 200° t o 250°, t h e colour b l ackens , owing t o t h e s e p a r a t i o n of t e l l u r i u m : 3TeCl 4 
+ 1 6 N H 3 = 3 T e + 1 2 N H 4 C l + 2 N 2 . A t 0°, a m m o n i a combines w i t h t h e t e t r ach lo r ide 
fo rming t e l lur ium tr iamminote trachlor ide , T e C l 4 . 3 N H 3 . Th i s c o m p o u n d is n o t de­
l iquescen t ; i t g ives off a m m o n i a a t o r d i n a r y t e m p . ; i t fo rms t e l lu rous ac id w h e n 
t r e a t e d w i t h w a t e r ; a n d g ives off a m m o n i a "with a lkal i - lye . W h e n h e a t e d i t b l ackens , 
g iv ing off a m m o n i a , a n d a t a h igher t e m p , i t fo rms t e l l u r i u m dichlor ide , recognizable 
b y t h e v io le t fumes . F . W o h l e r a n d K. E s p e n s c h i e d sa id t h a t even a t o r d i n a r y 
t e m p , t h e t e t r a c h l o r i d e a b s o r b s a m m o n i a fo rming t e l lur ium t e t r a m m i n o t e t r a -
Chloride, TeCl 4 . 4NH 3 , a s a v o l u m i n o u s , greenish-ye l low m a s s which is s t ab l e in 
air . I t is r eso lved b y w a t e r i n t o a m m o n i u m chlor ide a n d t e l lu rous ac id ; a n d 
w h e n h e a t e d is d e c o m p o s e d i n t o t e l l u r i u m , n i t rogen , a m m o n i u m chlor ide , a n d 
h y d r o g e n ch lor ide . R . M e t z n e r obse rved t h a t m o l t e n t e l l u r i u m t e t r a c h l o r i d e a t 
220-5° dissolves p h o s p h o r u s p e n t a c h l o r i d e , a n d furnishes a l emon-ye l low crys ta l l ine 
m a s s of t e l lur ium phosphotr idecachlor ide , 2TeCl 4 .PCl 5 . Th is becomes orange-
yel low w h e n h o t . I t fo rms a colourless l i qu id w i t h a sma l l p r o p o r t i o n of w a t e r ; 
b u t w i t h a l a rger p r o p o r t i o n of wa te r , t e l lu rous ac id s e p a r a t e s ou t . I t sub l imes w i t h 
p a r t i a l decompos i t i on i n a i r , b u t i t is n o t so d e c o m p o s e d in t h e v a p o u r of p h o s p h o r u s 
p e n t a c h l o r i d e . A . M. H a g e m a n o b s e r v e d t h a t t e l l u r i u m t e t r a c h l o r i d e is soluble 
i n benzene , t o l u e n e , m e t h y l a lcohol , e t h y l a lcohol , n - b u t y l a lcohol , a m y l alcohol, 
benzy l a lcohol , xy l ene , ch loroform, a n d e t h y l a c e t a t e ; spa r ing ly soluble in l igh t 
p e t r o l e u m , b e n z a l d e h y d e , a c e t o n e , zsopropyl b r o m i d e , a n d c a r b o n t e t r ach lo r ide ; 
a n d insoluble i n c a r b o n d i su lph ide . Accord ing t o J . J . Berzel ius , t h e smal les t 
t r a c e of o rgan ic m a t t e r causes t h e t e t r a c h l o r i d e t o t u r n ye l low on me l t i ng owing 
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t o t h e fo rmat ion of some dichloride, which, a t a h igher t e m p . , escapes as a v io le t 
vapour . According t o V. Lenher , t e l lu r ium t e t r ach lo r ide forms a c o m p l e x 
(C 2 H 5 ) 2 0 .TeCl 4 , wi th e t h e r ; a n d a complex wi th m e t h y l a m i n e . J . 5 \ N o r r i s 
a n d R . Mommers ob ta ined a complex wi th d i m e t h y l a m i n e ; V. Lenher , complexes 
w i th e thy l amine , t r i m e t h y l a m i n e , anil ine, pyr id ine , a n d quinol ine ; a n d V. L e n h e r 
a n d W . T i tu s , complexes wi th quin ine , c inchonine, m o r p h i n e , t h e o b r o m i n e , b r u c i n e , 
aconi te , a t rop ine , s t rychn ine , a n d cocaine. H . D . K . D r e w obse rved t h a t cyclic 
condensa t ion p roduc t s are ob ta ined wi th d iphenyl e the r a n d t e l l u r i u m t e t r a c h l o r i d e 
in chloroform soln. ; G. T. Morgan a n d R. E . Ke l l e t t s tud ied t h e i n t e r ac t i on of t h e 
t e t rach lor ide wi th anisole, e tc . ; G. T. Morgan a n d co-workers , m o n o k e t o n e s , d ike-
tones , a n d t r ike tones ; G. T. Morgan and H . D . K . Drew, e thy lene , a ce ty l ace tone , 
a n d acet ic a n h y d r i d e ; G. T. Morgan a n d H . Burgess , d ime thy lan i l ine ; a n d 
P . Fa lc io la , t h ioca rbamide . Der iva t ives of cycZotelluripentane a n d c«/c/o te l luro-
p e n t a n e were p repa red . D . K . D r e w showed t h a t Te(CHg) 2 X 2 r ead i ly passes in to 
Te(CHs) 3 X-TeCH 3 X 3 , where X denotes a halogen a t o m . This is t a k e n t o m e a n 
t h a t t h e c o m p o u n d has a t e n d e n c y t o get a w a y from t h e u n s t a b l e t en-e lec t ron 
shell b y t h e association of two molecules t o form a n e ight-e lec t ron shell t o one 
t e l lu r ium a t o m , a n d a twelve-electron shell t o t h e o the r . Accord ing t o W . Bi l tz 
a n d K . Fr iedr ich , metal l ic silver decomposes t e l lu r ium t e t r ach lo r ide forming si lver 
te l lur ide a n d chloride ; t h e excess of t h e t e t rach lo r ide h a s no ac t ion on silver 
te l lur ide . Hence in i ts halogen compounds , t e l lu r ium behaves like a noble me t a l . 
A. Mazzucchelli and A. Vercillo found t h a t copper furnishes a te l lur ide , b u t n o t so 
wi th lead. 

The higher halides of t e l lu r ium are more s tab le t h a n those of su lphu r a n d 
se lenium. The t e t raha l ides of t e l lu r ium are m o s t s tab le , whi ls t w i th se lenium t h e 

M ^ 0 lower hal ides a re t h e m o s t s tab le . The increase 
of basic proper t ies observed in pass ing from 
selenium t o t e l lu r ium is confirmed b y t h e t e l lu r ium 
forming bet ter-def ined double hal ides . J . J . Ber-
zelius p r epa red orange-yel low oc tahedra l c rys ta l s 
of ammonium hexachlorotellurite, (NH4)2.TeOl0, 
as a p rec ip i ta te from a soln. of a m m o n i u m chloride 
a n d t e l lu r ium te t rach lo r ide in hydrochlor ic ac id . 
The sal t was also p r epa red b y W . M u t h m a n n , a n d 
P . K o t h n e r . C F . R a m m c l s b e r g ob t a ined yellow, 
cubic c rys ta l s of a sa l t which he represen ted b y 
t h e formula 8NH 4Cl.3TeCl 4 , b u t t h i s sa l t was 
p robab ly i m p u r e hexachloro te l lu r i t e . P . K o t h n e r 
said t h a t t h e crys ta ls a re difficult t o d r y w i t h o u t 

Berzel ius said t h a t t he sal t can be dissolved in a smal l 
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decompos i t ion . J . J __ 
p ropo r t i on of wa t e r t o form a colourless soln., b u t w i th a large p ropor t ion "of 
wa te r , or alcohol , t he sa l t is decomposed . A. Gutb ie r p r epa red a n u m b e r of 
complexes of t h e t y p e (R .NH 3 ) 2 TeCl 6 involving organic radicles . J . J . Berzel ius 
P . K o t h n e r , a n d H . L. Wheeler ob ta ined p o t a s s i u m h e x a c h l o r o t e l l u r i t e , K 2 T e C l / 
in pa le yellow, oc tahedra l c rys ta ls from m i x e d hydrochlor ic ac id soln of 
p o t a s s i u m chloride a n d t e l lu r ium te t rach lo r ide or a soln. of t e l lu r ium d ioxide 
m hydroch lor ic ac id . The crys ta ls a re s tab le in d r y air, b u t t h e y del iquesce 
in mo i s t a i r ; wa te r decomposes t h e m wi th t h e separa t ion of te l lurous ac id 
a n d t e l l u r i um oxychlor ide . T h e y are soluble in hydrochlor ic a c i d ; a n d cone 
hydroch lo r i c ac id or alcohol p rec ip i ta tes p o t a s s i u m chloride from th i s soln* 
C. F . R a m m e l s b e r g ' s formula , 8KC1.3TeCl4 , is supposed t o be based on t h e 
a n a l y s i s of a n i m p u r e sa l t H L . Wheeler , a n d P . K o t h n e r likewise p r e p a r e d 
ff^Si ^««M5hloro te l lu r i te , Kb 2 TeCl 6 , in yellow oc tahedra , s tab le i n a i r 
H . L . Wheeler found t h a t a t 22°, 1OO p a r t s of hydrochlor ic ac id of sp eT 1-05 
d i sso lve 1 3 0 9 p a r t s of t h e sa l t , a n d a n ac id of sp . gr. 1-2, 0-34 p a r t . By* a s imi lar 
process, H . L. Wheeler prepared caesium hexachlorotellurite, Cs2TeCl6 in yellow 
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o c t a h e d r a ; h e found t h a t a t 22° , 100 p a r t s of hyd roch lo r i c ac id of sp . gr . 1*05 
dissolve 0-78 p a r t of t h e sa l t , a n d a n ac id of sp . gr . 1-2, 0-05 p a r t . W . B i l t z a n d 
H . F r i e d r i c h f o u n d t h a t w h e n t e l l u r i u m t e t r a c h l o r i d e is m e l t e d i n sealed t u b e s 
w i t h s i lver ch lor ide , t h e l i q u i d s e p a r a t e s i n t o t w o l aye r s w h e n over 20 m o l a r p e r 
c e n t . AgCl i s p r e s e n t . T h e lower l i qu id is a l m o s t al l s i lver ch lor ide a n d i t freezes 
a t 440°—455° ; whi le t h e u p p e r l a y e r c o n t a i n s a eu t ec t i c m i x t u r e w i t h t h e excess 
of s i lver ch lo r ide . T h e e u t e c t i c a t 210° c o n t a i n s a b o u t 9 m o l a r p e r cen t , of AgCl 
— F i g . 44 . No silver tellurium chloride is fo rmed . B . W e b e r h e a t e d a m i x t u r e 
of a l u m i n i u m t r i ch lo r ide a n d t e l l u r i u m t e t r a c h l o r i d e in a sealed t u b e , a n d d r o v e 
off t h e excess of t h e former , b y t h e a p p l i c a t i o n of a s t ronger h e a t , a n d t h e r e 
r e m a i n e d a l u m i n i u m decachlorote l lur i te , 2AlCl3 .TeCl4 . Th i s c o m p o u n d is decom­
posed a t a n e l eva t ed t e m p . ; i t is h y d r o l y z e d b y w a t e r w i th t h e s e p a r a t i o n of 
t e l l u rous ac id ; a n d i t d i sso lves c o m p l e t e l y i n d i l . su lphur i c ac id . 

J . J . Berze l ius 3 s a id t h a t b r o m i n e u n i t e s w i t h t e l l u r i u m a t o r d i n a r y t e m p , 
w i t h t h e d e v e l o p m e n t of h e a t ; a n d he o b t a i n e d t e l lur ium dibromide , T e B r 2 , b y 
s u b l i m a t i o n f rom a m i x t u r e of t e l l u r i u m a n d i t s t e t r a b r o m i d e . T h e d i b r o m i d e 
a p p e a r s a s a g reen i sh -b l ack c rys t a l l i ne m a s s , or i n needle- l ike c rys t a l s . T h e 
p o w d e r is ye l lowish-ol ive-green . J . J . Berze l ius sa id t h a t t h e v a p o u r is d a r k 
v io le t ; a n d , a c c o r d i n g t o D . Gernez , i t s a b s o r p t i o n s p e c t r u m h a s l ines in t h e r ed 
a n d ye l low. T e l l u r i u m d i b r o m i d e w a s found b y T. Carnel ley a n d W . C. Wi l l i ams 
t o m e l t a t a p p r o x i m a t e l y 280° ; B . B r a u n e r sa id a p p r o x i m a t e l y 210° ; a n d , a d d e d 
J . J . Berze l ius , t h e cold m a s s h a s n o m a r k e d lus t re , or c rys ta l l ine f rac tu re . 
T . Carne l l ey a n d W . C. W i l l i a m s g a v e 339° for t h e b . p . a t 760 m m . ; a n d B . B r a u n e r 
g a v e 280° i n v a c u o , a n d a d d e d t h a t s u b l i m a t i o n in v a c u o beg ins a t a b o u t 200°. 
As in t h e case of t e l l u r i u m d ich lo r ide , t h e o b s e r v a t i o n s of M. D a m i e n s , ^Fig- 45 , 
s h o w t h a t a s t h e c o m p o u n d solidifies i t d i ssoc ia tes i n t o a solid soln. of t e l l u r i um in 
t h e t e t r a b r o m i d e . B . B r a u n e r f o u n d t h a t t h e d i b r o m i d e is d e c o m p o s e d b y w a t e r : 
2 T e B r 2 = T e - J - T e B r 4 ; a n d i n m o i s t a i r , t h i s c h a n g e r a p i d l y occurs . A cone. soln . 
of t a r t a r i c ac id d issolves a p a r t of t h e d i b r o m i d e fo rming a g reen i sh -b rown soln. 
f rom w h i c h w a t e r p r e c i p i t a t e s t e l l u r i u m . 

Acco rd ing t o J . J . Berze l ius , t e l lur ium tetrabromide , TeBr 4 , is p r e p a r e d b y 
i n t r o d u c i n g b r o m i n e i n t o a glass t u b e , sealed a t one end , a n d cooled b y i m m e r s i o n 
in ice, a d d i n g p o w d e r e d t e l l u r i u m , n o t i n excess, w i t h f r equen t s t i r r ing ; t h e excess 
of b r o m i n e is r e m o v e d b y h e a t i n g t h e m i x t u r e on a w a t e r - b a t h . B . B r a u n e r 
r e m o v e d t h e excess of b r o m i n e b y a c u r r e n t of c a r b o n d iox ide ; u n c h a n g e d 
t e l l u r i u m w a s r e m o v e d b y h e a t i n g t h e m i x t u r e w h i c h c o n v e r t e d t h e t e l l u r ium 
i n t o vo la t i l e d i b r o m i d e ; a n d o x y b r o m i d e w a s r e m o v e d b y s u b l i m a t i o n in v a c u o 
a t 300° . C. v o n H a u e r p r e p a r e d t h e t e t r a b r o m i d e b y a d d i n g b r o m i n e t o a m i x t u r e 
of t e l l u r i u m a n d d i l . h y d r o b r o m i c ac id , u n t i l t h e 
t e l l u r i u m d isso lved ; t h e r u b y - r e d l i qu id w a s t h e n 
e v a p o r a t e d o n a w a t e r - b a t h . F . A. Gooch a n d 
A. W . Pe i rce w a r m e d t e l l u r i u m d iox ide w i t h a n 
a q . so ln . of p o t a s s i u m b r o m i d e a n d p h o s p h o r i c 
ac id ; o n c o n c e n t r a t i n g t h e soln. , r u b y - r e d c rys t a l s 
of t e l l u r i u m t e t r a b r o m i d e a r e fo rmed . 

T e l l u r i u m t e t r a b r o m i d e , w h e n o b t a i n e d b y s u b ­
l i m a t i o n , fu rn ishes d a r k ye l low p r i s m s w h e n s lowly 
cooled, a n d fiery r e d or o r ange - r ed w h e n r a p i d l y 
cooled. B . B r a u n e r f o u n d t h e s p . g r . t o b e 4-31O 
a t 15°/4° . T . Carne l ley a n d W . C. Wi l l i ams g a v e 
380° ± 6° for t h e m . p . J . J . Berze l ius sa id t h a t t h e 
m o l t e n l i qu id is d a r k red , a n d i t f o rms a c rys ta l l ine Fia- ^>. 
m a s s o n sol idif icat ion. M . D a m i e n s g a v e 363° for ° 
t h e m . p . — F i g . 45 . T . Carne l ley a n d W . C. Wi l l i ams found t h e b . p . t o be 414° t o 427°. 
J . J . Berze l ius a d d e d t h a t t h e v a p o u r is yel low, a n d condenses t o a yel low powder , 
needle- l ike c rys ta l s , e t c . B . B r a u n e r sa id t h a t t h e t e t r a b r o m i d e c a n n o t be me l t ed 
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or boi led u n d e r o r d i n a r y a t m . press , w i t h o u t p a r t i a l decompos i t i on i n t o t e l l u r i u m 
d i b r o m i d e . G. B e c k s tud i ed t h e h e a t of soln. in wa t e r . S. K y r o p o u l o s m e a s u r e d 
t h e dielectr ic c o n s t a n t s of t h e c rys ta l s . 

Accord ing t o J . J . Berzel ius , t e l l u r i um t e t r a b r o m i d e s lowly a b s o r b s m o i s t u r e 
w h e n exposed t o a i r , a n d i t dissolves w i t h o u t a p p a r e n t decompos i t i on in a s m a l l 
p r o p o r t i o n of w a t e r ; w i t h a la rge p r o p o r t i o n of wa te r , t h e ye l low l i q u i d is r eso lved 
i n t o t e l lu rous a n d h y d r o b r o m i c a c i d s — t h e former a p p e a r s a s a p r e c i p i t a t e . If 
t h e soln. in a smal l p r o p o r t i o n of w a t e r is e v a p o r a t e d , i t furnishes d a r k r u b y - r e d , 
r h o m b i c p l a t e s which, w h e n dr ied, become yel low a n d e a r t h y . B . B r a u n e r f o u n d 
t h a t t h e t e t r a b r o m i d e is soluble in a n a q . soln. of t a r t a r i c ac id ( 1 : 1 ) , a n d t h e 
orange-yel low soln. c an be d i lu t ed w i t h w a t e r w i t h o u t s e p a r a t i o n owing t o t h e 
fo rma t ion of t e l l u r i um t a r t r a t e , t e l lu rous ac id , however , s e p a r a t e s w i t h a v e r y d i l . 
soln. of t a r t a r i c ac id . Accord ing t o R . Metzner , t e l l u r i u m t e t r a b r o m i d e u n i t e s 
w i t h h y d r o b r o m i c acid w i t h t h e evolu t ion of h e a t ; w h e n t h e soln. is cooled t o 
—15°, i t furnishes orange-red , needle-l ike c rys ta l s of t e l lur ium hydropentabromide , 
T e B r 4 . H B r . 5 H 2 O , which c a n b e d r a ined on a po rous t i le , a n d d r i ed i n d r y a i r . 
T h e c rys ta l s me l t a t 20° , g iv ing off h y d r o g e n b r o m i d e . T h e c rys t a l s c a n b e k e p t 
a long t i m e a t a low t e m p , in a n a t m . of h y d r o g e n b r o m i d e ; t h e y a r e v e r y 
de l iquescen t in air , a n d give off h y d r o g e n b r o m i d e . W . P r a n d t l a n d P . B o r i n s k y 
found t h a t su lphur t r iox ide r eac t s w i t h t h e t e t r a b r o m i d e fo rming T e O H 2 - S O 3 . 
Accord ing t o W . St recker a n d W . E b e r t , t h e t e t r a b r o m i d e r e a c t s w i t h a m m o n i a 
forming w h a t is p robab ly te l lur ium hexamminote t rabromide , T e B r 4 . 6 N H 3 , which 
t h e n decomposes in to n i t rogen te l lu r ide (q.v.). V. L e n h e r obse rved t h a t t e l l u r i u m 
t e t r a b r o m i d e forms complex sa l t s w i t h m e t h y l a m i n e , t r i m e t h y l a m i n e , e t h y l a m i n e , 
ani l ine , pyr id ine , a n d quinol ine ; J . F . Norr i s a n d R . M o m m e r s o b t a i n e d a complex 
w i t h d ime thy la rn ine ; a n d V. L e n h e r a n d W . T i t u s , w i t h qu in ine , cocaine, b ruc ine , 
a n d morph ine . A. L o w y a n d R . P . D u n b r o o k s tud ied i ts ac t ion on p r i m a r y , 
s econda ry , a n d t e r t i a r y amines ; a n d E . H . R u s k , on pheno ls , a n d p h e n o l e the r s . 

A n u m b e r of bromotel lurites h a s been p r e p a r e d . W . M u t h m a n n p r e p a r e d 
a m m o n i u m l iexabromotel lurite , (NH 4 J 2 TeBr 6 , f rom a soln. of a m m o n i u m b r o m i d e 
a n d t e l l u r i um dioxide in h y d r o b r o m i c acid . T h e d a r k red , o c t a h e d r a l c rys ta l s a re 
less soluble t h a n t h e po t a s s ium sal t . A. Gu tb i e r a n d F . F l u r y p r e p a r e d a n u m b e r 
of complexes of t h e t y p e ( R . N H 3 ) 2 T e B r 6 invo lv ing organic radic les . J . J . Berze l ius 
p r e p a r e d po tas s ium hexabromotel luri te , K 2 T e B r 6 , f rom a soln. of p o t a s s i u m chlor ide 
in one of t e l l u r i u m b r o m i d e . C. v o n H a u e r sa id t h a t t h e p r o d u c t is c o n t a m i n a t e d 
w i t h chlor ide, a n d he ob t a ined t h e sa l t b y a d d i n g b r o m i n e t o a soln. of p o t a s s i u m 
b r o m i d e m i x e d w i t h t e l l u r ium u n t i l t h a t e l ement h a d al l d issolved. H . Li. Whee le r 
u s e d a n excess of h y d r o b r o m i c acid t o p r e v e n t t h e p rec ip i t a t i on of t e l lu rous ac id . 
T h e a n h y d r o u s sa l t s epa ra t e s f rom t h e boi l ing soln. in d a r k r ed o c t a h e d r a l c rys ta l s , 
which , accord ing t o W . M u t h m a n n , a r e i somorphous w i t h t h e cor respond ing 
b romose len i t e . H . Li. Whee le r found t h a t t h e d i h y d r a t e , K 2 T e B r 6 . 2 H 2 O , is fo rmed 
b y t h e e v a p o r a t i o n of t h e a q . soln. a t o r d i n a r y t e m p . C. v o n H a u e r t h o u g h t t h e 
s a l t is t r i h y d r a t e d , b u t H . L . Whee le r sa id t h a t e x t r a w a t e r i n t h e l a t t e r case is 
p r e s e n t a s inc lus ions . Accord ing t o C v o n H a u e r , t h e d a r k red , o p a q u e c rys ta l s 
r e semb l ing oc t ahed ra , be long t o t h e r h o m b i c sys t em, for which W . J . Grai l ich a n d 
V. v o n L a n g o b t a i n e d t h e ax ia l r a t i o s a : b : c=0*6857 : 1 : 0-9415 ; a n d H . Bake r , 
0*6711 : 1 : 0*9167. T h e op t i ca l c h a r a c t e r is nega t i ve ; t h e r e is n o m a r k e d c leavage . 
T h e c r y s t a l s effloresce superficially i n d r y a i r ; a n d C. v o n H a u e r found t h a t t h e y 
lose t h e i r w a t e r of c rys ta l l i za t ion a t 120°, w i t h o u t m e l t i n g ; t h e d e h y d r a t e d sa l t 
i s o range - red . A t a h igher t e m p . , t e l l u r i u m t e t r ach lo r ide is g iven off 
J . J . Berze l ius , C. v o n H a u e r , a n d W . L . Wil ls obse rved t h a t t h e s a l t dissolves in a 
s m a l l p r o p o r t i o n of w a t e r , b u t if t h e soln. be d i lu ted , t e l lu rous ac id is p r ec ip i t a t ed . 
H» Li. W h e e l e r f o u n d t h a t t h e sa l t c a n be recrys ta l l ized f rom di l . h y d r o b r o m i c ac id • 
a n d t h a t a t 22°, 100 p a r t s of t h i s ac id of sp . gr. 1*08 dissolve 62*90 p a r t s of s a l t ' 
whi le w i t h a n ac id of s p . g r . 1*49 t h e r e a re 6*57 p a r t s d issolved. J . J . Berze l ius 
s a i d t h a t t h e s a l t is d e c o m p o s e d b y a lcohol . H . L . Whee le r p r e p a r e d rubid ium 
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hexabromotellurite, Rb2TeBr6, in an analogous manner. The red octahedral 
crystals are stable in air ; they dissolve in a small proportion of hot water, and 
on cooling tellurous acid crystallizes out. At 22°, 100 parts of hydrobromic acid 
of sp. gr. 1-08 dissolve 3-08 parts of salt, and 0*25 part is dissolved by an acid of 
sp. gr. 1-4:9. Red octahedral crystals of CSBSium hexabromotellurite, Cs2TeBr6, are 
obtained in a similar way. At 22°, 10 parts of hydrobromic acid of sp. gr. 1-08 
dissolve 0-13 part of salt, and 0-02 part is dissolved by an acid of sp. gr. 1*4:9. 
P. Maier studied the crystallography of aliphatic bromotellurites. 

Tellurium can be melted with iodine in all proportions, and, added J. J. Berzelius,4 

if the tellurium be in excess, the product has a metallic appearance, while if the 
iodine be in excess, the product is somewhat soluble in water. J. J. Berzelius 
found that when a gram-atom of tellurium is heated with more than a gram-atom 
of iodine, the excess of iodine passes off ; and tellurium diiodide, TeI2, sublimes 
in black, crystalline flakes having some metallic lustre, the fused mass readily 
sublimes, and the mass obtained by cooling the fused compound has a non-crystalline 
fracture. When digested with aq. hydrochloric acid, or aq. ammonia, it leaves a 
residue of tellurium ; it is not attacked even by boiling water. A. Gutbier said 
that when tellurium and iodine are fused together in the requisite proportion to 
form tellurium diiodide, TeI2, a black substance is produced which possesses a 
metallic lustre and melts easily. When very carefully heated, it can be sublimed, 
but its composition does not appear to be constant. 

F. M. Jager and J. B. Menke studied the f.p. curve of mixtures of the two ele­
ments. Tellurium tetraiodide was the only compound observed, and the molten 
substance is considerably dissociated. There is 
a eutectic on the tellurium side at 165° and 
41 per cent, of tellurium, and this is near the 
composition required for tellurium di-iodide ; on 
the iodine side, the eutectic at 108° is very near 
the iodine axis. Solid soln. are not formed to 
any appreciable extent, and there is no evidence 
of the formation of a tellurium periodide, or tellu-
ritim hexaiodide, which J. J. Berzelius said is 
formed when a piece of tellurium is dropped into 
molten iodine, after shaking the mixture, and 
decanting the liquid from the undissolved tellu­
rium. The product was said to dissolve sparingly 
in water forming a dark brown liquid which is 
decolorized by ammonium sulphite, and which 
deposits tellurium on adding hydrochloric acid. M. Damiens f.p. curve of mixtures 
of iodine and tellurium is in general agreement with that of F. M. Jager and 
J. B. Menke, and it is illustrated by Fig. 46. F. Olivari studied the effect of 
tellurium on the f.p. of iodine, and accordingly inferred that with about 94 per 
cent, of tellurium, the mol. wt. of tellurium is 159 to 171-2—the theoretical value 
for Te-127-6. E. Beckmann and R. Hanslian also found that cryoscopic and 
ebullioscopic measurements of soln. of tellurium in iodine indicate a large pro­
portion of single atoms. R. Wright's measurements of the vap. press, of soln. of 
iodine and tellurium gave no indication of solid soln. or of the formation of any 
compound other than the tetraiodide. 

J. J. Berzelius prepared tellurium tetraiodide, TeI4, by digesting tellurium 
powder for a considerable time with iodine and water ; and evaporating the clear 
liquid which gives off the excess of iodine and leaves a small proportion of the 
tetraiodide as residue. He also found that by digesting tellurium dioxide with 
hydriodic acid, in a closed vessel, it is slowly converted into the iron-grey tetraiodide. 
A small quantity of the tetraiodide dissolves in the excess of hydriodic acid imparting 
to it a dark brown colour, and may be separated from it in iron-grey prisms, by 
evaporation in vacuo over sulphuric acid and calcium oxide which takes up the 
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excess of iodine and hydriodic acid. According to A. Gutbier and F . Flury, 
hydriodic acid acts on telluric acid in two ways. In dil. soln., reduction takes 
place slowly to tellurium dioxide, and after some time, a dark, granular mass of 
tellurium tetraiodide, TeI4, separates. No indication was obtained of the formation 
of a di-iodide. In cone, soln., the reaction takes place quickly and tellurium 
tetraiodide is a t once precipitated as a heavy iron-grey substance. Tellurium 
tetraiodide forms a dark-grey powder, or iron-grey prismatic crystals which melt 
when heated, and, according to A. Gutbier and F . Flury, it is a t the same t ime 
decomposed. F . M. Jager and J . B. Menke gave- 259° for the m.p. ; and 
M. Damiens, 280°. When boiled, the tetraiodide gives oS a t first iodine and the 
distillate becomes richer in tellurium until what was thought to be tellurium sub-
iodide remained. The subiodide is probably tellurium contaminated with iodine. 

J . J . Berzelius said tha t t h e tetraiodide is resolved by water into an oxyiodide 
which retains the form of the tetraiodide, and hydriodic acid holding a little 
tellurium tetraiodide in soln. Cold water has bu t a slight decomposing action 
and remains colourless, taking up only a small proportion of hydriodic acid ; boiling 
water acquires a dark brown colour, and forms an oxyiodide. A. Gutbier and 
F . Flury said tha t the tetraiodide is decomposed by water : T e I 4 + 2 H 2 O = 4 H I 
4-TeO2 , and a similar decomposition occurs with alcohol. The tetraiodide dissolves 
in aq. ammonia ; it also dissolves in alkali-lye. According to J . J . Berzelius, when 
a sat. soln. of tellurium tetraiodide in cone, hydriodic acid is evaporated in vacuo 
over sulphuric acid, long, rectangular, four-sided prisms are obtained having a 
metallic lustre. R. Metzner obtained a similar product, tellurium hydropenta-
iodide, TeI4 .HI.8 or 9H2O, by passing hydrogen iodide into a soln. of tellurous acid 
in hydriodic acid. J . J . Berzelius said tha t in a sealed glass tube the crystals melt 
to a dark brown liquid which solidifies on cooling ; and in an open vessel, a t 50° 
to 60°, they do not melt, but give off brown fumes of hydrogen iodide decomposed 
by contact with air, and leave a residue of tellurium tetraiodide. R. Metzner said 
tha t when heated out of contact with air, the crystals melt a t —55°, and solidify 
without chemical change on cooling ; a t a higher temp., they lose first water and 
then hydrogen iodide. The compound is decomposed by water yielding a precipi­
ta te of tellurium tetraiodide. 

Tellurium tetraiodide unites with the iodides of the alkali metals forming 
iodotellurites. J . J . Berzelius prepared ammonium hexaiodotellurite, (NH4)2TeI6 , 
from a soln. of tellurium tetraiodide in hydriodic acid, neutralized with ammonia. 
The spontaneous evaporation of the liquid furnishes steel-grey octahedral crystals 
soluble in water and in absolute alcohol. J . J . Berzelius also reported tha t hydrated 
sodium iodotellurite crystallizes from an aq. soln. of the component salts, bu t this 
has not been confirmed. J . J . Berzelius prepared potassium hexaiodotellurite, 
K 2TeI 6 .2H 2O, in a similar manner. The black prismatic crystals were found by 
H . L. Wheeler to belong to the monoclinic system, and to have the axial ratios 
a :b: c=O7047 : 1 : 0-5688, and £ = 1 2 0 ° 53°. The crystals lose their water of 
crystallization, without decomposition, a t 100° to 115°. They effloresce super­
ficially in dry air. J . J . Berzelius added tha t they form a brown soln. with a small 
proportion of water, and are decomposed by a larger proportion of water. 
H . L.. Wheeler similarly prepared rubidium hexaiodotellurite, Rb 2 TeI 6 , in micro­
scopic octahedral crystals which are stable in air ; and which are slowly decomposed 
by cold water, rapidly by hot water with the separation of tellurium dioxide and an 
oxyiodide. They dissolve in a small proportion of alcohol. H. L. Wheeler also 
prepared caesium hexaiodotellurite, Cs2TeI6 , as a black, amorphous precipitate 
which gradually loses iodine when exposed to air, and which melts a t a little over 
the b .p . of sulphuric acid. I t behaves like the rubidium salt towards water 
and alcohol. 
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ib., 117. 1457, 192O ; 121. 2412, 1922 ; G. T . Morgan a n d O. C. Elv ine , ib., 127. 2625, 1925 ; 
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7 - 8 3 
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10 -5 
5 5 - 7 

1 0 0 
24-O 
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5 7 0 

13-O 
44*5 
18-2 
5 0 - 5 

1 5 8 
4 6 - 2 
2 4 O 
4 2 - 6 

1 7 - 5 
5O-2 
2 6 - 4 
4 5 - 7 

2 2 - 6 
4 3 O 
2 8 - 5 
5 8 0 

NF 

§ 13. The Oxyhalides o£ Tellurium 
According t o A. D i t t e 1 t e l l u r i um dioxide abso rbs h y d r o g e n fluoride w i t h t h e 

d e v e l o p m e n t of hea t . A. Metzner observed t h a t t e l l u r i u m d i o x i d e d i sso lves i n 
43 t o 55 pe r cent , hydrofluoric ac id a n d on cool ing t o —20° , long, t r a n s p a r e n t c r y s t a l s 
of t e l lur ium hexoxyoetof luoride, 2 T e F 4 . 3 T e 0 2 . 6 H 2 0 , s e p a r a t e . These c r y s t a l s 
decompose w h e n h e a t e d in h y d r o g e n fo rming t e l l u r i u m te t r a f luor ide , a n d fluor-
iferous t e l lu r ium dioxide ; t h e y a re decomposed b y w a t e r : 2 T e F 4 . 3 T e 0 2 . 6 H 2 0 
= 5 T e 0 2 + 8 H F + 2 H 2 0 . F . B . K. P r i d e a u x a n d J . O 'Ne i l Mi l lo t t d i d n o t o b t a i n 
th i s p r o d u c t in the i r s t u d y of t h e ac t ion of hydrof luor ic ac id on t e l l u r i u m d iox ide . 
T h e y measured t h e solubil i t ies of t e l l u r ium d iox ide in a q . hydrof luor ic ac id a t 
10°, and found t h a t w i th t h e following c o n c e n t r a t i o n s in g r m s . p e r 100 g r m s . of 
H F a n d of T e O 2 , 

T H F ] . 0 - 2 2 I 1-22 
[ T o O 2 ] 0 - 1 2 0 J-2(> 
[ H F ] . 20 /> 15 -2 
[ T e O 2 J r>9<) 5 4 0 

T h e resul ts wi th t h e concen t r a t i ons expressed i n mols of t h e c o n s t i t u e n t p e r 1OO 
mols of soln. a re p lo t t ed in F ig . 47 . T h e a d d i t i o n of t e l l u rous ac id , H 2 T e O 3 ^ H * 

- f - H T e C 3 , t o hydrof luor ic ac id represses t h e ioniza­
t i o n of t h e hydrof luor ic ac id , H 2 F 2 ^ H - J - H F 2 ' , a n d 
r e m o v e s i t a s a c o m p l e x ion of t h e c o m p l e x 
fluoride : 2H* + H T e O 3 ' + H F 2

/ ^ 2 H * + T e F 2 O 2 " 
+ H o O ; a n d t h e ac id t h e n crys ta l l izes f rom t h e a q . 
soln fas t h e d i h y d r a t e : 2 H 2 [ T e 0 2 F 2 ] - > 2 ( T e O F 2 . H 2 0 ) 
= T e F 4 . T e 0 2 . 2 H 2 0 . K. Me tzne r found t h a t w h e n 
t h e m o t h e r - l i q u o r o b t a i n e d i n t h e p r e p a r a t i o n of 
t h i s sa l t j u s t descr ibed is m o r e s t r ong ly cooled, w i t h 
f requent s t i r r ing , needle- l ike c ry s t a l s of t e l lur ium 
oxydifluoride, T e F 2 . T e 0 2 . 2 H F , i.e. 2 T e 0 2 . 4 H F , 
or te l luryl difLuoride, T e O F 2 . HoO, a r e fo rmed . 
E . B . K. P r i d e a u x a n d J . O 'Nei l "Millott p re fer red 
t h e fo rmula T e F 4 . T e O 2 . H 2 O , a n d were u n a b l e t o 

decide w h e t h e r t o wr i te ir 2 T e O F 2 . H 2 O , or T e O F 2 T e O 2 . 2 H F . A. J . H o g b o m , a n d 
E . B . K. P r i d e a u x a n d J . O 'Nei l Mil lot t o b t a i n e d c rys t a l s of t h e oxyfluoride b y 
e v a p o r a t i n g a n aq . soln. i n v a c u o over cone, su lphur ic ac id . K. Metzner found t h a t 
w h e n t h e sa l t is hea t ed , i t y ie lds t e l l u r i um d iox ide a n d h y d r o g e n fluoride ; a n d 
t h a t i t is decomposed b y w a t e r . 

H . F . W e i n l a n d a n d J . Alfa said t h a t cone, hydrof luor ic ac id r eac t s w i t h p o t a s ­
s i u m t e l l u r a t e forming p o t a s s i u m dif luotel lurate, K 2 T e O 3 F 2 . 3 H 2 O , in which a n 
a t o m of oxygen is rep laced hy t w o a t o m s of fluorine ; b u t i t m a y also be r e p r e s e n t e d 
K 2 T e 0 4 . 2 H F . 2 H 2 0 . I t is o b t a i n e d b y e v a p o r a t i n g a soln. of a m o l of te l lur ic ac id 
a n d 2 mol s of p o t a s s i u m h y d r o x i d e t o d r y n e s s on t h e w a t e r - b a t h a n d d issolv ing 
t h e res idue i n a s l ight excess of hydrof luor ic ac id ; i t c rys ta l l izes i n microscopic , 
o c t a h e d r a l , monoc l in i c c rys ta l s , is fair ly s t ab l e i n d r y a i r , b u t w h e n h e a t e d evolves 
w a t e r a n d a sma l l q u a n t i t y of h y d r o g e n fluoride, or a t a h ighe r t e m p , oxygen , a n d 
l eaves a res idue of t e l l u r i u m d iox ide a n d p o t a s s i u m fluoride. I t is difficult t o 
d issolve i n wa te r , y i e ld ing a f a in t ly ac id soln. a n d c a n n o t b e rec rys ta l l i zed f rom 
hydrof luor ic ac id . T h e co r r e spond ing rub id ium dif luotel lurate, R b 2 T e O 3 F 2 . 3 H 2 O , 
s imi la r ly p r e p a r e d , furnishes colourless c rys ta l s r a t h e r m o r e so luble t h a n t h e 

F i Q . 4 7 . — T h e T e r n a r y S y s t e m 
H F - T e O 2 - H 2 O a t 10°. 
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p o t a s s i u m sa l t . N e i t h e r ammonium difluotellurate, n e r sodium difluotellurate cou ld 
b e p r e p a r e d . 

J . J . Berze l ius o b t a i n e d a n u m b e r of t e l lur ium oxych lor ides of u n d e t e r m i n e d 
compos i t ion—e .g . b y t h e a c t i o n of cold w a t e r on t e l l u r i u m t e t r a c h l o r i d e ; f rom a 
soln . of t h e t e t r a c h l o r i d e i n bo i l ing w a t e r ; b y expos ing t h e t e t r a c h l o r i d e t o m o i s t 
a i r ; b y e v a p o r a t i n g a soln . of t h e t e t r a c h l o r i d e o n t h e w a t e r - b a t h ; b y d i s so lv ing 
t h e t e t r a c h l o r i d e in h y d r o c h l o r i c ac id , b y e v a p o r a t i n g a h y d r o c h l o r i c a c id soln . of 
te l lur ic ac id ; a n d f rom a soln . of t e l l u r i u m in a q u a reg ia . A . Michael i s o b t a i n e d 
oxych lo r ides f rom a soln . of t e l l u r i u m d i o x i d e i n m o l t e n t e l l u r i u m t e t r a c h l o r i d e . 
A c c o r d i n g t o A . D i t t e , t e l l u r i u m d i o x i d e r e a d i l y a b s o r b s h y d r o g e n ch lo r ide w i t h 
t h e d e v e l o p m e n t of h e a t a n d t h e f o r m a t i o n of a b r o w n m a s s . If t h e t e m p , b e 
be low —10° , t h e p r o d u c t h a s t h e c o m p o s i t i o n tellurium dioxytrihydrotrichloride, 
T e O 2 . 3 H C l ; b y s l i gh t ly r a i s ing t h e t e m p , tellurium dioxydihydrodichloride, 
TeO 2 . 2HCl , is fo rmed , a n d t h i s c a n b e h e a t e d t o 90° w i t h o u t d e c o m p o s i t i o n . 
T . W . P a r k e r a n d P . L . R o b i n s o n o b s e r v e d n o ev idence of t h e f o r m a t i o n of a 
c o m p l e x T e O 2 . n . H C l in t h e r a n g e of t e m p . 0° t o 150°. A t 0° , h y d r o g e n ch lor ide 
is a b s o r b e d t o fo rm a h e t e r o g e n e o u s p r o d u c t w h i c h loses w a t e r c o n t i n u o u s l y in a 
s t r e a m of gas a s t h e t e m p , is r a i sed . A t a b o u t 110°, i t m e l t s t o a b r o w n l i q u i d 
forming tellurium oxydichloride, or telluryl dichloride, TeOCl2 .H2O, and the 
r e a c t i o n is c o m p l e t e d a t 300° . If h e a t e d t o a s t i l l h i g h e r t e m p . , t h e o x y d i c h l o r i d e 
is d e c o m p o s e d i n t o t e l l u r i u m t e t r a c h l o r i d e a n d d i o x i d e : 2TeOCl 2 = TeO 2 - J -TeCl 4 . 
V. L e n h e r a lso p r e p a r e d t h e c o m p l e x T e O 2 . 2 H C l , b u t s h o w e d t h a t i t is n o t c o n v e r t e d 
i n t o t h e o x y d i c h l o r i d e b y h e a t b u t r a t h e r i n t o a m i x t u r e of t h e t e t r a c h l o r i d e a n d 
d iox ide w i t h o u t t h e i n t e r m e d i a t e f o r m a t i o n of a n oxyd i ch lo r ide . If t h e t e t r a ­
ch lor ide a n d d i o x i d e a r e h e a t e d t o g e t h e r , n o c o m b i n a t i o n occurs , a n d on cool ing 
t h e or ig ina l c o m p o u n d s c a n b e r e m o v e d u n c h a n g e d . K . L i n d n e r a n d L . A p o l a n t 
sa id t h a t t h e o x y d i c h l o r i d e is fo rmed , w i t h t h e s e p a r a t i o n of t e l l u r i u m , b y t h e 
a c t i o n of w a t e r on t e l l u r i u m d ich lo r ide . 

J . J . JBerzelius o b t a i n e d t e l l u r i u m o x y b r o m i d e s of u n d e t e r m i n e d c o m p o s i t i o n — 
e.g. b y e x p o s i n g t e l l u r i u m t e t r a b r o m i d e t o m o i s t a i r ; a n d b y t h e a c t i o n of w a t e r 
o n t h e t e t r a b r o m i d e . A . D i t t e f o u n d t h a t t e l l u r i u m d i o x i d e a t o r d i n a r y t e m p , 
a b s o r b s h y d r o g e n b r o m i d e w i t h t h e d e v e l o p m e n t of h e a t f o r m i n g a d a r k b r o w n , 
c rys t a l l ine m a s s w h i c h a t —14° a b s o r b s m o r e of t h e g a s t o f o r m a b l ack , c ry s t a l l i ne 
m a s s of tellurium dio&ytrihydrotribromide, T e O 2 . 3 H B r ; if t h e t e m p , be r a i s ed n o t 
over 40° , t h i s passes i n t o t e l l u r i u m d i o x y d i h y d r o d i b r o m i d e , T e O 2 . 2 H B r , w h i c h 
begins t o lose w a t e r w h e n h e a t e d t o 70° , a n d f o r m s t e l lur ium oxyd ibromide or 
tel luryl bromide , T e O B r 2 , w h e n h e a t e d u p t o 300° . A t a h ighe r t e m p . , t h e pa l e 
yel low m a s s m e l t s a n d d e c o m p o s e s 2 T e O B r 2 = T e O 2 + T e B r 4 . 

J . J . Berze l ius o b t a i n e d t e l l u r i u m oxy iod ides of u n d e t e r m i n e d composition—* 
b y bo i l ing t e l l u r i u m t e t r a i o d i d e w i t h success ive q u a n t i t i e s of w a t e r ; b y e v a p o r a t i n g 
a sa t . soln . of t h e t e t r a i o d i d e i n cone , h y d r i o d i c ac id ; a n d f rom a so ln . of t e l lu r ic 
ac id i n h y d r i o d i c ac id . A . D i t t e f o u n d t h a t t e l l u r i u m d i o x i d e a b s o r b s h y d r o g e n 
iodide a t —15° , b u t a t o r d i n a r y t e m p . , t h e d i o x i d e is d e c o m p o s e d . T h e a b s o r p t i o n 
a t —15° is v e r y s low b e c a u s e t h e d i o x i d e a g g l o m e r a t e s t o g e t h e r . H e w a s u n a b l e 
t o fix as m u c h a s one eq . of t h e h y d r o g e n iod ide w i t h t h e t e l l u r i u m d iox ide ; a n d 
as t h e t e m p , r ises , t h e p r o d u c t d e c o m p o s e s f o r m i n g t e l l u r i u m iod ide . 

R E F E R E N C E S . 

* J . J . Berzelius, Schtoeigger's Journ., 6. 311 , 1 8 1 2 ; 34 . 78, 1 8 2 3 ; Fogg. Ann., 28. 392, 
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§ 14. Tellurium Sulphides 
Accord ing t o J . J . Berzel ius , 1 H . Rose , F . Becker , B . B r a u n e r , L . S t a u d e n m a i e r , 

A. M. H a g e m a n , a n d A. Gu tb i e r a n d F . F l u r y , t h e p r e c i p i t a t e p r o d u c e d b y h y d r o g e n 
su lph ide in a hydroch lor ic ac id soln. of t e l l u r i um d iox ide in hyd roch lo r i c ac id , o r 
a n acidified soln. of a n a lkal i t e l lu r i te , is u n s t a b l e t e l lur ium disulphide , T e S 2 . 
M. Chikasige also sa id t h a t t h e al leged d i su lph ide is rea l ly a m i x t u r e . W h e n first 
formed, t h e p rec ip i t a t e is red , b u t i t v e r y qu ick ly t u r n s b r o w n , b r o w n i s h - b l a c k , 
a n d finally b lack , owing t o t h e decompos i t ion of t h e su lph ide i n t o i t s e l e m e n t s ; 
a n d if t h e d r ied p rec ip i t a t e be e x t r a c t e d w i t h c a r b o n d i su lph ide , a l l b u t 1 t o 4 pe r 
cent , of t h e su lphu r can be r e m o v e d . B . B r a u n e r t h o u g h t t h a t t h e s u l p h u r so 
r e t a ined was evidence t h a t a m o r e s tab le su lph ide is a ssoc ia ted w i t h t h e o r d i n a r y 
d i su lphide , b u t F . Becker , A. H . H a g e m a n , a n d L . S t a u d e n m a i e r sa id t h a t t h e 
s u l p h u r is v e r y i n t i m a t e l y m i x e d wi th t h e t e l l u r i um a n d inaccess ible t o t h e sol­
v e n t s ; a n d is n o t p resen t as t e l lu r ium su lph ide d e c o m p o s a b l e b y hyd roch lo r i c a c id 
or as a v a r i e t y of su lphur insoluble in ca rbon d i su lph ide . A. M. H a g e m a n f o u n d 
t h a t a t t e m p , below —20°, t e l l u r ium d isu lph ide is s t ab l e , b u t a b o v e —20° d i s ­
socia t ion sets in ; and a t —20° dissociat ion is slow, a n d becomes m o r e r a p i d a s t h e 
t e m p , is ra ised. The progress of t h e d issocia t ion c a n b e m e a s u r e d b y t h e p r o ­
p o r t i o n of su lphu r e x t r a c t e d b y c a r b o n d i su lph ide , b u t t h e r eac t i on is n e v e r c o m ­
p l e t e — a t leas t 0-95 per cent , of s u l p h u r r e m a i n s . T h e p r o d u c t i o n of t e l l u r i u m 
d i su lph ide is i n d e p e n d e n t of t h e cone, of t h e ac id , a n d of t h e m e d i u m in wh ich 
t h e reac t ion is effected—e.g. e ther , a n d o t h e r o rgan ic so lven t s c an be used i n s t e a d 
of w a t e r as so lvent . T h e d issocia t ion a n d s t ab i l i t y of t h e d i su lph ide is solely a 
ques t ion of t e m p . A. G u t b i e r a n d F . F l u r y sugges ted t h a t t h e p r e c i p i t a t e a t 
t h e m o m e n t of t h e fo rma t ion is sulphotellurous acid, H 2 T e S 3 , or t h e c o m p l e x 
H 2 T e S 3 . 2 H 2 S . A. Gu tb i e r found t h a t a pseudo-so lu t ion , or a soln. of col lo idal 
te l lur ium disulphide is fo rmed as a t r a n s p a r e n t l i qu id w i t h a b lue f luorescence. 
Af ter dia lysis , t h e sol. keeps w e l l ; a n d b y freezing, a solid hyd roso l is p r o d u c e d . 
R . Ast fa lk also i nves t iga t ed t h e colloidal d i su lph ide . 

T h e b lu i sh -b l ack p r o d u c t , a l leged t o b e t h e d i s u l p h i d e , T e S 2 , a c c o r d i n g t o 
«X. J . Berze l ius , a c q u i r e s a me ta l l i c l u s t r e w h e n b u r n i s h e d . I t so f tens w h e n h e a t e d w i t h o u t 
m e l t i n g c o m p l e t e l y ; swells u p ; a n d solidifies o n cool ing t o fo rm a b l i s t e r e d , g r e y m a s s . 
W h e n h e a t e d in a r e t o r t , s u l p h u r d i s t i l s off l e a v i n g a r e s i d u e of t e l l u r i u m ; a m i x t u r e of 
t h e p r o d u c t w i t h a m e t a l s u l p h i d e l eaves a r e s i d u e of t h e m e t a l t e l l u r ido . T h e a l leged 
t e l l u r i u m d i s u l p h i d e fo rms a yel low so ln . w i t h boi l ing a lka l i - lye ; a n d w h e n f resh ly p rec ip i ­
t a t e d , d i sso lves spa r ing ly i n cone . a q . a m m o n i a . K . W . 1£. M a c l v o r sa id t h a t t h e f resh 
p r e c i p i t a t e d i sso lves i n a so ln . of a m m o n i u m s u l p h i d e , b u t o w i n g t o t h e d e c o m p o s i t i o n of 
t h e d i s u l p h i d e , s o m e t e l l u r i u m r e m a i n s u n d i s s o l v e d . 

W . O. Snel l ing sa id t h a t a t t h e m o m e n t of p r ec ip i t a t i on of t e l l u r i u m su lph ide 
b y h y d r o g e n su lph ide in a n aq . soln. of t e l lu rous ac id , on ly half t h e s u l p h u r is 
soluble in c a r b o n d i su lph ide , a n d t h a t t h e inso luble res idue cons is t s of t e l lur ium 
monosu lph ide , TeS , supposed t o be fo rmed in accord wi th : 2 H 2 S + H 2 T e O 3 = TeS 
- f -S- f -3H 2 0. Th i s c o m p o u n d is sa id t o be v e r y u n s t a b l e a n d t o decompose com­
p le te ly in a b o u t 4 h r s . a t 0°, a n d m u c h m o r e r a p i d l y a t h igher t e m p . A. M. H a g e m a n 
sa id t h a t t h e al leged m o n o s u l p h i d e h a s n o ex is tence . 

Acco rd ing t o J. J . Berzel ius , if a di l . aq . soln. of te l lur ic ac id be s a t . w i t h 
h y d r o g e n su lph ide , a n d se t as ide in a closed vessel i n a w a r m place , i t t u r n s b r o w n 
w i t h o u t los ing i t s colour ; a f t e rwards t h e colour d i s appea r s , a n d t e l lur ium tr i ­
sulphide , TeS 3 , is depos i t ed a s a g rey ish-b lack , sh in ing film which is easi ly r u b b e d 
off in. flakes. Acco rd ing t o F . Becker , B . B r a u n e r , a n d A, G u t b i e r a n d F . F l u r y , 
t h e p r e c i p i t a t e h a s t h e compos i t ion Te : 3S , a n d d u r i n g i t s f o r m a t i o n s o m e te l lur ic 
a c i d is r e d u c e d t o t e l l u rous ac id . A . G u t b i e r a n d F . F l u r y a d d e d t h a t t h e r e is n o 
s i g n of t h e f o r m a t i o n of a sulphoxytelluric acid. B . B r a u n e r , a n d F . B e c k e r f o u n d 
t h a t t h e a l leged t e l l u r i u m t r i su lph ide g ives u p n e a r l y a l l i t s s u l p h u r t o c a r b o n 
d i s u l p h i d e — F . B e c k e r f o u n d a b o u t 6-15 pe r cen t , e scaped e x t r a c t i o n . B . B r a u n e r 
s a i d t h a t t h e s u l p h u r is c o m p l e t e l y vo la t i l i zed w h e n t h e t r i s u l p h i d e is h e a t e d in a 
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current of an indifferent gas . H e observed t h a t telluric ac id resembles arsenic acid, 
but i t surpasses i t in so far as i t is acted on b y tha t reagent wi th far greater difficulty. 
I t is also far more difficult t o reduce b y sulphurous acid. I t differs from arsenic 
acid in so far as no sulphoxytelluric acid is formed in the cold. I t resembles anti-
monic acid in the arrangement of a toms corresponding w i th the formation of a 
sulphoxytel luric ac id being v e r y unstable, but it differs from it in t h a t if the acid 
in question is formed at a high t e m p , i t is immediate ly destroyed. Tellurium differs, 
however, m o s t essential ly both from arsenic and from ant imony, in the fact t h a t 
tellurous acid and telluric acid when precipitated wi th hydrogen sulphide, g ive , 
as a final product of the act ion, precipitates consist ing almost entirely of free 
tellurium and of free sulphur in the at . proportions T e + S 2 or Te-I-S3 . I t is there­
fore impossible, t o invest igate the quest ion whether telluric acid, when treated wi th 
hydrogen sulphide under certain condit ions , g ives the disulphide, and under 
other condit ions the trisulphide, in the same w a y as could be done wi th arsenic 
and ant imony, for their sulphides are relat ively stable. A. Gut bier found that 
when a small proportion of hydrogen sulphide is passed into a dil. soln. of telluric 
acid, a soln. of colloidal tel lurium trisulphide is formed. I t is steel-blue to violet 
by transmitted l ight. 

J. J. Berzelius s tated t h a t tel lurium and sulphur m a y be melted together in 
all proportions-—with an excess of sulphur, t h e mixture is yellowish-red ; as the 
proportion of tel lurium is in­
creased, the mixture appears ^0O 
red by transmit ted l ight , and 
black by reflected l ight ; and 
with a still higher proportion 
of tellurium, an opaque, lead-
grey mixture is produced. 
G. Pellini showed tha t the f.p. 
curves furnish no indicat ion of 
the formation of a compound, 
but a series of m i x e d crystals 
may be obta ined both b y 
fusion and b y soln. Some of 
these crystals are i somorphous 
with rhombic sulphur, Figs . I 
and 2, for instance, those con-
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taining 0-557 per cent, of tel lurium, have the axial ratios a :b : c = 0 * 8 1 3 6 : 1 : 1-86929, 
while artificial sulphur crystals have the ratios 0-8108 : 1 : 1-9005. A solid amorphous 
soln. of tel lurium and sulphur was obtained which is insoluble in carbon trisulphide. 
The red sulphur of J a p a n is said t o be an i somorphous mixture of sulphur, selenium, 
and tel lurium. The f.p. curves of mixtures of sulphur and selenium, and of 
selenium and tel lurium have been discussed in connect ion wi th selenium sulphide 
and tel lurium selenide. G. Pell ini's observations on sulphur and tel lurium are 
illustrated in Figs . 48 and 49. F ig . 49 shows an enlargement of the f.p. curves in 
the vic ini ty of the eutect ic . M. Chikashige found t h a t t w o series of solid soln. are 
formed of l imited concentrat ion and t h e eutect ic g iven b y M. Chikashige is at 109° 
and 7 per cent, of te l lurium. F . M. Jager gave 106° for the eutect ic . According 
to M. Chikashige, t h e transformation t emp, of sulphur a t 120° and 94-5° are lowered 
by tel lurium. Whi l s t ^-sulphur retains 2 per cent , of te l lurium in solid soln., 
a,-sulphur retains o n l y 0-5 per cent . , but the separation of the excess occurs only 
under the influence of l ight . Molten /3~sulphur dissolves 10 per cent, of tellurium, 
and molten y-sulphur, 20 per cent . Sol id soln. w i th less t h a n 0-5 per cent, of 
tel lurium—including Japanese red sulphur—are not sensit ive t o l ight. The 
supersaturated crystals conta in ing from 0-5 t o 2-0 per cent, of tel lurium change 
troni red t o ye l low or brown when exposed to l ight ; the m o s t act ive rays have a 
wave-length A = 4 5 0 0 . The decomposed portions are more readily dissolved by 
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c a r b o n d iox ide t h a n t h e or ig ina l c rys t a l s . L . L o s a n a conf i rmed G. Pe l l in i ' s v a l u e 
of 1-9 p e r cen t , for t h e l i m i t of c o m p l e t e misc ib i l i ty , a n d h e f o u n d t h e m i n i m u m o n 
t h e l i qu id c u r v e w a s a t 6 p e r cen t , t e l l u r i u m a n d t h e m a x i m u m e u t e c t i c a r r e s t 
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cor re sponds w i t h t h i s . W h e n over 97-6 p e r cen t , of t e l l u r i u m is p r e s e n t , t h e r e i s 
n o t r a c e of a n a r r e s t showing t h a t t h e r e is a zone of solid soln. w i t h 98 t o 100 p e r 
cen t , t e l l u r ium. L . Losana found t h a t t h e t e r n a r y s y s t e m exh ib i t s f o r m a t i o n of 

n e i t h e r c o m p o u n d s n o r t e r n a r y eu tec t i c s , b u t 
c o n t a i n s t w o zones of c o m p l e t e misc ib i l i ty i n 
which t h e r e exis t m i x e d c rys ta l s of s e l en ium a n d 
t e l l u r i u m in s u l p h u r a n d m i x e d c rys t a l s of s u l p h u r 
a n d t e l l u r i u m in se len ium. T h e f o r m a t i o n of 
m i x e d s u l p h u r - t e l l u r i u m c rys t a l s is f avou red b y 
t h e p resence of se len ium, wh ich causes solid soln. 
w i t h h igh p r o p o r t i o n s of t e l l u r i u m t o be fo rmed ; 
m a n y of such solid soln. exh ib i t , however , t h e 
p h e n o m e n o n of m o r e or less r a p i d u n m i x i n g . 
T h e first t r a n s f o r m a t i o n p o i n t of s u l p h u r is de ­
pressed cons ide rab ly b y se len ium a n d t e l l u r i u m 
s e p a r a t e l y a n d t o a s t i l l g r ea t e r e x t e n t b y t h e t w o 
e l emen t s t oge the r . L . Liosana's obse rva t ions a re 
s u m m a r i z e d in F ig s . 50, 5 1 , a n d 52. Accord­
ing t o L,. A m a d u z z i a n d M. P a d o a , m i x t u r e s of 
s u l p h u r a n d se len ium a r e devo id of pho to -e lec t r i c 
p rope r t i e s . 

A. S t o c k a n d P . P r a e t o r i u s obse rved t h a t w h e n 
a n a r c is m a i n t a i n e d u n d e r c a r b o n d i s u l p h i d e 

b e t w e e n a g r a p h i t e c a t h o d e a n d a n a n o d e of t e l l u r i u m a n d g r a p h i t e (10 : 1), t h e 
a n o d e is d i s i n t e g r a t e d , a n d a r e d d i s h - b r o w n soln. is p r o d u c e d in which b lack 
pa r t i c l e s of t e l l u r i u m a n d g r a p h i t e a r e s u s p e n d e d . T h e soln. c o n t a i n s non ­
vo la t i l e d e c o m p o s i t i o n p r o d u c t s of c a r b o n d i su lph ide , a n d c a r b o n subsu iph ide 
(C3S2) , a n d carbon sulphote l luride , CSTe , w h i c h a r e vola t i le in t h e v a p o u r 
of c a r b o n d i s u l p h i d e . P a r t of t h e c a r b o n s u b s u i p h i d e c a n b e r e m o v e d b y 
f rac t iona l d i s t i l l a t ion ; a n d t h e r e m a i n d e r b y t r a n s f o r m i n g i t i n t o a non-vo la t i l e 
t h i o m a l o n o - n a p h t h y l a m i d e b y t r e a t m e n t w i t h / 3 - n a p h t h y l a r n i n e . T h e di l . soln. was 
c o n c e n t r a t e d o n a w a t e r - b a t h , a n d s u b s e q u e n t l y cooled be low —30° w h e n t h e 
s u l p h o t e l l u r i d e w a s o b t a i n e d i n ye l lowish- red c rys t a l s w i t h a p e n e t r a t i n g odou r of 
ga r l i c . I f i t be sme l l ed for a s h o r t t i m e , t h e b r e a t h r e t a i n s a s t r o n g o d o u r of gar l ic 
for a cons ide rab l e t i m e . Cryoscopic a n d ebul l iscopic m e a s u r e m e n t s i n benzene 
o r c a r b o n d i s u l p h i d e so ln . a r e i n a g r e e m e n t w i t h t h e fo rmula CSTe. T h e s p . gr 
of t h e c r y s t a l s a t —50° is 2-9, a n d t h e v a p . p ress , a t 10° is a b o u t 2 m m . The 

F i o . 52.—Projection of t h e Xiiqui-
d u s C u r v e s i n t h e T e r n a r y S y s ­
t e m r S e - S - T e -
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crystals melt a t —54° t o a bril l iant red l iquid wi th a High refractive power- Carbon 
sulphotelluride, either solid or in soln. , becomes blood-red, t h e n black, and decom­
poses rapidly on a t ta in ing room t e m p . Some decompos i t ion occurs even at —50° . 
W h e n the soln. in carbon disulphide is treated w i th bromine, i t g ives a precipitate 
of tel lurium tetrabromide ; and mercury extracts all t h e c o m p o u n d from i t s soln. 
Carbon sulphotelluride is the c o m p o u n d which was previously t h o u g h t t o be carbon 
ditelluride (q.v,). 

Salts of the hypothet ica l suljphotellurous acid, H 6 T e S 5 , have been prepared, as 
sulphote l lur i tes . J. J . Berzel ius said t h a t the sulphotel lurites of t h e alkali meta l s 
and magnes ium are produced b y saturat ing the soln. of the corresponding tel lurite 
with hydrogen sulphide : 3 R 2 T e O 8 + 9 H 2 S = R 6 T e S 5 + 2 T e + 4 : S + 9 H 2 O ; t h e y are 
also produced b y the act ion of a boil ing soln. of the alkali hydrosulphides on te l ­
lurium dioxide ; and b y dissolving tel lurium disulphide in alkali- lye : 5 T e S 2 
+ 1 8 K O H = = 3 K 2 T e 0 3 + 2 K 6 T e S 5 + 9 H 2 0 . The salts of t h e alkal ine earths a n d 
of the h e a v y meta l s can be produced b y double decompos i t ion of a salt of these 
e lements with the alkali sulphotel lurite. The alkali sulphotel lurites are brownish-
yel low when anhydrous , and pale ye l low when hydrated. They can be heated t o 
redness w i thout decomposi t ion if protected from air. The sulphotel lurites of the 
h e a v y meta l s are decomposed w h e n heated out of contact w i t h air, forming a meta l 
telluride and basic sulphide. The sulphotel lurites are fairly stable in air ; freely 
soluble in water. The aq. soln. decomposes rapidly in air forming a soluble th io -
sulphate and precipitat ing a mixture of sulphur and tel lurium. The salts dissolve 
in alcohol w i th partial decomposi t ion. Acids precipitate tel lurium disulphide. 
J . J . Berzelius reported tha t a m m o n i u m sulphotel luri te , 3 (NH 4 ) 2 S .TeS 2 , or 
( N H 4 ) 6 T e S 5 , separates w h e n a soln. of a m m o n i u m tellurite is sat . w i th hydrogen 
sulphide, and evaporated in vacuo over potass ium carbonate. The pale yel low, 
four-sided prisms lose a m m o n i u m hydrosulphide w h e n exposed t o air. L. Stauden-
maier said t h a t the salt i s complete ly decomposed when confined over sulphuric 
acid. J . J . Berzelius made pale yel low, amorphous l i t h i u m s u l p h o te l lur i te , 
presumably L i 6 TeS 5 , b y saturat ing a soln. of l i th ium carbonate in tellurous acid with 
hydrogen sulphide, and evaporat ing the filtered liquid in vacuo. It decomposes easily 
in air. H e also prepared s o d i u m sulphote l lur i te , N a 6 T e S 5 , in an analogous w a y ; 
and A. Gutbier and F. F lury , as indicated above , prepared N a 2 T e S 3 . 2 H 2 S , hy t h e 
act ion of hydrogen sulphide on a soln. of sodium tel lurate. J . J . Berzelius obtained 
pale yel low, four-sided prisms of p o t a s s i u m sulphote l lur i te , K 6 T e S 5 , by an analogous 
process. The salt readily fuses t o a black l iquid which, on cooling, forms a yel lowish-
brown solid, soluble in -water. The salt blackens in mois t air, and dil. aq. soln. are 
also quickly decomposed o n exposure t o air. The copper sulphote l lur i te , Cu 3TeS 5 , 
is obta ined b y double decompos i t ion as a brown precipitate ; s imilarly black 
si lver su lphote l lur i te , A g 6 T e S 5 , is produced b y double decomposi t ion. I t is decom­
posed b y heat in to silver telluride, etc . B y boi l ing calc ium sulphide with tel lurium 
disulphide and water, a n d evaporat ing t h e filtrate, a non-crystal l ine mass of c a l c i u m 
Sulphotellurite is produced which decomposes rapidly on exposure to air ; similarly 
with s t r o n t i u m sulphote l lur i te , which forms a pale yel low, unstable solid which is 
complete ly soluble in water ; while b a r i u m sulphote l lur i te furnishes pale-yel lowish 
four-sided prisms, fairly stable in air, which are s lowly dissolved b y water. B y 
adding barium sulphotel lurite t o a soln. of magnes ium sulphate, and evaporating 
the filtrate m a g n e s i u m sulphote l lur i te is formed as a pale ye l low crystall ine mass 
soluble in water and alcohol, s imilarly wi th z i n c su lphote l lur i te , which is a t first 
l ight ye l low and t h e n turns brown ; and c a d m i u m sulphote l lur i te is formed 
s imilarly; whi lst mercUTOUS sulphote l lur i te furnishes a dark brown precipitate 
which decomposes w i t h a hissing noise w h e n heated, and giv ing off mercury 
forms yel lowish-brown m e r c u r i c su lphote l lur i te which decomposes into sulphur 
and mercury telluride when s trongly heated. W h e n an aq. soln. of a cerous salt 
is treated w i th potass ium sulphotellurite, cerium sulphotellurite is precipitated ; 
it is brownish-yel low a t first but soon becomes brownish-black. I. Pouget could 
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n o t p r e p a r e telluroantimonites ana logous t o t h e se l enoan t imon i t e s . A n t i m o n y 
te l lu r ide does n o t dissolve in a h o t soln. of p o t a s s i u m te l lu r ide or h y d r o t e l l u r i d e ; 
a n d t e l l u r i u m is itself insoluble in a lka l i su lphides—vide infra. J . J . Berze l ius 
p r e p a r e d d a r k b r o w n b i s m u t h sulphotel lurite , b y a s imi lar process , a b r o w n 
p rec ip i t a t e of s t annous sulphotel lurite , a n d a d a r k b rown p r e c i p i t a t e of s t a n n i c 
sulphotel lurite . Accord ing t o A. D i t t e , t e l l u r ium dissolves in bo i l ing so ln . of 
t h e a lka l i su lphides , b u t t e l l u r i u m is depos i ted in c rys ta l s a s t h e soln . cools . 
I t fo rms n o alkali tellurosulphostannates ana logous t o t h e s e l eno - su lphos t anna t e s . 
J . J . Berzel ius o b t a i n e d a d a r k b r o w n p rec ip i t a t e of lead sulphote l lur i te b y 
double decompos i t ion . P . Sa ldau found t h a t t h e s y s t e m P b S - P b T e does n o t fo rm 
a c o n t i n u o u s i somorphous m i x e d series. J . J . Berzel ius o b t a i n e d a p r e c i p i t a t e 
of manganese sulphotellurite by a similar process ; likewise ferrous sulpho­
tellurite appears to be formed as a black precipitate ; ferric sulphotellurite 
in b r o w n flakes ; cobalt sulphotel lurite, as a b lack p rec ip i t a t e a n d l ikewise a lso 
with nickel sulphotellurite. A dark yellow soln. of platinum sulphotellurite was 
p r o d u c e d b y t h e ac t ion of po t a s s ium su lphote l lu r i t e on a soln . of p l a t i n u m t e t r a ­
chlor ide ; in a few d a y s , i t deposi ts t h e su lpho-sa l t in d a r k b lue flakes which t u r n 
b l ack -when dr ied . 

J . B . H a n n a y 2 r epor ted a supposed arsenic sulphotel luri te , As 2 S 3 . 2TeS 2 , 
which was called arsenotellurite* I t was sa id t o occur in sma l l b r o w n i s h need les 
on arsenica l i ron pyr i t es . The complex mine ra l f rom N a g y a g , cal led Blattertellur— 
foliated t e l l u r i um—was n a m e d nagyag i te b y W . H a i d i n g e r 3 —vide supra. I t is 
t h e aurum galena of G. A. Scopoli ; t h e or gris lainelleux of I . E q u e s a B o r n ; t h e 
elasmose of F . S. B e u d a n t ; t h e Nagyahererz of A. G. W e r n e r ; t h e Bldltererz of 
D . Li. G. K a r s t e n ; a n d t h e blatterine of J . J . N . H u o t . Ana lyses were r e p o r t e d b y 
P . Ber th ie r , R . Brandes , F . Fo lbe r t , W . H a n k o , S. J . K a p p e l , M. H . K l a p r o t h , 
G. A. K e n n g o t t , C. F . P l a t t n e r , E. P r iwozn ik , P . Schonbe in , W . M u t h m a n n a n d 
E . C. Schroder , E . S. Simpson, a n d P . Sipocz. T h e resu l t s s h o w t h a t a l t h o u g h t h e 
mine ra l is a lead gold sulphote l lurant imonite , n o definite fo rmula c a n be ass igned 
t o t h e mine ra l . The composi t ion r anges from P b 1 0 ( A u 9 A g ) 2 S b 2 T e 6 S 1 5 t o 
P b 1 7 ( A u 3 A g ) 4 S b 4 T e 1 0 S 1 8 . The formula was discussed b y A. K . Boldireff. T h e 
occur rence of nagyag i t e a t N a g y a g a n d Offenbanyer , T r a n s y l v a n i a , was d iscussed 
b y M. H . K l a p r o t h , J . F . L. H a u s r a a n n , B . v o n I n k e y , G. v o m R a t h , A. Schrauf, 
H . Hofer , F . R . v o n H a u e r a n d Gr. S t ache , F . Beysch lag , V. R . v o n Zepha rov i ch , 
a n d E . v o n Fe l l enbe rg a n d B . v o n Co t t a ; in H u n g a r y , b y F . v o n R ich thofen , 
J . D . D a n a , a n d A. des Cloizeaux. T h e silberphyllinglanz of A. B r e i t h a u p t , n a m e d 
nobilite b y M. A d a m , occurs a t Deu tsch-P i l sen , H u n g a r y . A. B r e i t h a u p t cal led 
a n aur i ferous v a r i e t y of n a g y a g i t e , edler Molybdanglanz. T h e occur rence of n a g y a ­
g i t e in N o r t h Carol ina was descr ibed b y F . A. Gen th , a n d J . D . D a n a ; i n Virginia , 
b y G. A. K e n n g o t t ; in N e w Zea land , b y J . P a r k ; a n d in W e s t Aus t r a l i a , b y 
E . S. S impson . Accord ing t o J . C. L . Schrode r v a n der KoIk , t h e s t r e a k of d a r k 
l ead-grey mine ra l h a s a b rownish t i nge . T h e m i n e r a l occurs in g r anu l a r or fol ia ted 
masses , or in t h i n , flexible p l a t e s which , acco rd ing t o A. Schrauf, be long t o 
t h e r h o m b i c sys t em, h a v i n g t h e ax ia l r a t io s a : b : c = 0 2 8 9 7 : 1 : 0-2761. T h e 
(OlO)-faces m a y be s t r i a t e d ; a n d t h e (OlO)-cleavage perfect . The c rys t a l s were 
descr ibed b y W . Phi l l ips , W . H . Miller, J . D . D a n a , a n d L . F l e t che r ; J . R . B l u m 
desc r ibed p s e u d o m o r p h s of copper py r i t e s af ter n a g y a g i t e . T h e sp . gr . g iven b v 
L . Sipocz is 7-4613 ; b y W . H a n k o , 7-347 ; a n d b y W . P e t z , 7-22. T h e h a r d n e s s is 
ove r 1-0. J . J o I y found n a g y a g i t e g ives a s u b l i m a t e of t e l l u r i u m m o n o x i d e be tween 
440° a n d 525° ; a n d of t h e d iox ide a t 610°. A. d e G r a m o n t descr ibed t h e s p a r k 
s p e c t r u m ; F . Bei jer inck, a n d R . G. H a r v e y sa id t h a t i t is a good electr ical con­
d u c t o r ; a n d E . T. W h e r r y , t h a t i t is a poor r ad io -de t ec to r . F o r b i s m u t h s u l p h o -
ditel lurite , B i 2 S T e 2 , vide supra, t e t r a d y m i t e . 

A . O p p e n h e i m r e p o r t e d t h a t sa l t s of t h e h y p o t h e t i c a l sulphotelluric acid, H 2 T e S 4 , 
c a n be p r e p a r e d a s su lphote l lurates ; t h u s , b y pas s ing h y d r o g e n su lph ide i n t o a soln! 
of Sodium t e l l u r a t e , a n d a d d i n g s o d i u m h y d r o x i d e , t h e p r e c i p i t a t e d t e l l u r i u m t r i -
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su lph ide passes i n t o soln . , a n d t h e l i q u i d a f te r s a t u r a t i n g i t a g a i n w i t h h y d r o g e n 
su lph ide , furn ishes su lphur -ye l low, needle- l ike c r y s t a l s of s o d i u m su lphote l lurate , 
N a 2 T e S 4 . T h e f o r m a t i o n of t h e s a l t is r e p r e s e n t e d b y t h e e q u a t i o n : 2 N a 2 T e O 4 

+ 7 " H 2 S = T e + 3 S + N a a T e S 4 + 2 N a O H + 6 H 2 0 ; s imi l a r ly w i t h p o t a s s i u m s u l p h o -
te l lurate , K 2 T e S 4 . T h e a q . so ln . c a n be boi led w i t h o u t d e c o m p o s i t i o n . L . S t a u d e n -
ma ie r sa id t h a t i t is p r o b a b l e t h a t i n a lka l i ne soln. , t h e t e l lu r i c a c id is r e d u c e d b y 
h y d r o g e n su lph ide so t h a t t h e a l leged s u l p h o t e l l u r a t e s a r e r ea l l y s u l p h o t e l l u r i t e s . 
A. G u t b i e r a n d F. F l u r y cou ld n o t p r e p a r e a lka l i s u l p h o t e l l u r a t e s , a n d s t a t e d t h a t 
w i t h a lka l i t e l l u r a t e s , h y d r o g e n s u l p h i d e g ives n o p r o d u c t a p p r o x i m a t i n g 
N a 2 T e S 3 . 2 H 2 S . 
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§ 15. Tellurium Oxysulphides and Sulphates 
R . W e b e r , 1 a n d E . Dive r s a n d M. Shimose found t h a t w h e n s u l p h u r t r i o x i d e 

r eac t s w i th t e l lu r ium, te l lurium Slllphotrioxide, TeSO 3 , is fo rmed . T h e t w o s u b ­
s t ances m a y r e m a i n i n c o n t a c t for a s h o r t t i m e w i t h o u t r eac t ion , a n d for a longer 
t i m e if t h e m i x t u r e is cold. The re is a n evolu t ion of hea t , a n d t h e r e a c t i o n is 
comple t ed a few m i n u t e s af ter i t ha s s t a r t ed . The excess of s u l p h u r t r i ox ide r e m a i n s 
colourless ; t h e su lphot r iox ide is a bu lky , deep r ed solid. Af ter t h e s u l p h o t r i o x i d e 
h a d been d iges ted in t h e l iqu id t r iox ide a t 30°-40° for some t i m e , t h e l iqu id w a s 
d r a ined off a n d t h e a d h e r e n t t r iox ide was r e m o v e d b y h e a t i n g i t t o 35° i n v a c u o , 
a n d t h e t r iox ide absorbed b y m e a n s of b o r a x — p o t a s s i u m h y d r o x i d e a s a b s o r b e n t 
a c t s t o o v io lent ly . E . Divers a n d M. Shimose m a d e t h e su lpho t r i ox ide b y t h e a c t i o n 
of hydrogen te l lur ide on a soin. of t e l lu r ium d iox ide in cone , su lphur i c ac id : 2 H ^ T e 
-f-Te02H~3H2SO4 = = 3 T e S 0 3 + 5 H 2 O ; b y t h e ac t ion of cone, su lphu r i c ac id on 
t e l l u r ium monox ide : 2 T e O + 3 H 2 S O 4 = T e S O 3 - f - T e ( S 0 4 ) 2 + 3 H 2 O . T h e r ed colour 
of a soln. of t e l lu r ium in fuming or cone, su lphur i c a c i d — n o t i c e d b y M. H . K l a p r o t h , 
A. Hi lger , A. C. Schultz-Sel lack, F . J . Muller v o n Re ichens te in , H . G. M a g n u s , 
"F. v o n Kobel l , H . Rose , J . J . Berzelius, a n d N . W . F i s c h e r — w a s a t t r i b u t e d b y 
R . Weber , a n d E . Divers a n d M. Shimose t o t h e presence of t e l l u r i u m s u l p h o t r i o x i d e , 
a n d W . P r a n d t l a n d P . Bor insky ob t a ined t h e su lpho t r iox ide b y t h e a c t i o n of 
chlorosulphonic acid on t e l lu r ium. N . W . F i sche r sa id t h a t t h e r ed colour a p p e a r s 
w h e n one p a r t of t e l lu r ium is p resen t in 2000 p a r t s of ac id ; n o s u l p h u r d iox ide 
is evolved as t h e red colora t ion is p roduced . If t h e red soln. is h e a t e d , t h e r e d 
colour d i sappears , t e l lu r ium su lpha t e is formed, a n d su lphur d iox ide is g iven oft. 
E . Moles s tud ied t h e f.p. a n d c o n d u c t i v i t y of a soln. of t e l l u r i um in su lphu r i c ac id , 
a n d o b t a i n e d a b n o r m a l va lues for t h e mol . w t . R . A u e r b a c h found t h a t t e l l u r i u m 
dissolves in pyrosu lphur ic acid as single a t o m s ; a n d on coagu la t ion b y d i lu t ion 
w i t h wa te r , t h e colour changes from red, t h r o u g h violet , t o b lue a s t h e m e t a l is 
precipitated—cf. se lenium o x y s u l p h a t e . 

Accord ing t o K. Weber , a n d E . Divers a n d M. Shimose , a t o r d i n a r y t e m p , 
t e l l u r i u m su lpho t r iox ide is a n a m o r p h o u s solid, wh ich softens w i t h o u t m e l t i n g a t 
a b o u t 30°. I t is of a beaut i fu l red colour, a n d t r a n s p a r e n t i n v e r y t h i n l aye r s . 
I t is finely ves icu la ted in consequence of t h e v a p o r i z a t i o n w i t h i n i t s s u b s t a n c e of 
t h e excess of s u l p h u r t r iox ide a t first m ixed w i t h i t . H . AVeber sa id t h a t i t is v e r y 
uns t ab l e , decompos ing even in sealed t u b e s a t o r d i n a r y t e m p , y ie ld ing s u l p h u r 
d iox ide , b u t E . Dive r s a n d M. Shimose observed i t t o be q u i t e s t ab le a t o r d i n a r y 
t e m p , in t h e closed t u b e w h e n pure , ne i ther c h a n g i n g colour nor evo lv ing s u l p h u r 
d ioxide . D u r i n g i t s p r e p a r a t i o n a n d purif icat ion, also, no s u l p h u r d iox ide w a s 
p roduced , when t h e s u l p h u r t r iox ide was qu i t e a n h y d r o u s . T h e s u l p h o t r i o x i d e 
does, indeed , some t imes slowly decompose w h e n left in t h e c r u d e s t a t e , i t s r e d 
colour a s s u m i n g a b r o w n shade , a n d t hen , too , s u l p h u r d iox ide is fo rmed . E . D i v e r s 
a n d M. Shimose also observed t h a t w h e n red t e l l u r ium su lpho t r iox ide is h e a t e d 
sufficiently, i t s colour changes t o a b r igh t f awn-brown. P r o l o n g e d h e a t i n g i n a 
v a c u u m even a t 35° effects t h i s change , b u t so v e r y s lowly t h a t n o c h a n g e c a n b e 
perceived, even af ter t h e lapse of a n hour . A t h igher t e m p , t h e t r a n s f o r m a t i o n is 
m o r e r ap id , a n d a t 90°, a l m o s t i n s t a n t a n e o u s . N o gas is evolved , a n d n o t h i n g 
b u t t h e s t r i k ing change of colour is observab le . T h e ves icular cond i t i on r e m a i n s 
j u s t as i t was , even t o t h e i r idescence of t h e superficial vesicles. H e a t e d t o 
130 , i t softens a n d shr inks , a s t h e ves icular s t r u c t u r e col lapses. I t s b r o w n 
colour is n o w of a deeper shade , owing t o t h e absence of t h e vesicles. H e a t e d t o 
180°, i t aga in changes colour, a n d a g a i n becomes ves icu la ted , t h i s t i m e f rom evo lu­
t i o n of s u l p h u r d iox ide . T h e mass e v e n t u a l l y becomes b l ack a n d solid o n fu r t he r 
hea t i ng , a n d n o w consis ts of t h e t e l l u r i um m o n o x i d e , t h e decompos i t i on be ing 
a l m o s t comple t e a t a b o u t 230°. T h e earl ier effects of h e a t i n g t h e r e d s u l p h o t r i o x i d e 
u n d e r a t m . p ress , d o n o t a p p e a r t o differ essen t ia l ly f rom t h o s e of h e a t i n g i n v a c u o 
T h e b r o w n su lpho t r i ox ide r e m a i n s unaffected w h e n d iges ted w i t h l iqu id s u l p h u r 
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t r i o x i d e , b u t l ike t h e r e d s u l p h o t r i o x i d e i t d issolves r e a d i l y i n s u l p h u r i c ac id , 
w i t h o u t evo lu t i on of s u l p h u r d iox ide , a n d y ie lds t h e u s u a l d e e p a m e t h y s t - r e d soln. 
I n i t s b e h a v i o u r -with w a t e r , n o difference f rom t h e r e d s u l p h o t r i o x i d e h a s b e e n 
obse rved , if we e x c e p t a s o m e w h a t m o r e v io l en t a c t i o n in t h e case of t h e red , 
p e r h a p s d u e t o t h e p resence of a l i t t l e s u l p h u r t r i o x i d e i n t h e p r e p a r a t i o n so t e s t e d . 
If w a t e r b e pas sed i n t o t h e r e d so ln . of t e l l u r i u m in s u l p h u r i c ac id , t h e t e l l u r i u m 
is all p r e c i p i t a t e d ; a n d t e l l u r i u m s u l p h o t r i o x i d e is d e c o m p o s e d b y w a t e r T e S O 3 
- J - H 2 O = T e H - H 2 S O 4 , b u t s o m e t e l l u r i u m m o n o x i d e is fo rmed (q.v.) : T e S O 3 - J - H 2 O 
= H 2 S 0 3 + T e O , fol lowed b y 2 T e O - J - H 2 O = T e + H 2 T e O 3 ; o r co l lec t ive ly 2 T e S O 3 
- 1 - 3 H 2 O = T e - H H 2 T e O 3 - I ^ H 2 S O 3 . These e q u a t i o n s , sa id E . D i v e r s a n d M. Sh imose , 
" d o n o t m a k e a t all c lear t h e p r o d u c t i o n of excess of t e l l u r i u m , a n d t h a t of t h e 
su lphu r i c a c id r e m a i n s inexp l i cab le , s ince s u l p h u r o u s ac id h a s no r e d u c i n g a c t i o n 
u p o n t e l l u r o u s ac id e i t he r a l o n e o r i n t h e p resence of s u l p h u r i c ac id , hyd roch lo r i c 
ac id be ing r e q u i r e d . N o r is t h e c o n s t i t u t i o n clear . If t h e s u l p h o x i d e is a s u l p h i t e , i t 
is s t r a n g e t h a t i t s h o u l d d isso lve i n s u l p h u r i c ac id w i t h o u t g iv ing off s u l p h u r o u s ac id . 
F u r t h e r , if i t is a s u l p h i t e , i t s h o u l d b e i n t h e s a m e series of t e l l u r i u m c o m p o u n d s 
as t e l l u r i u m m o n o x i d e , a n d t h e r e s h o u l d b e a c o r r e s p o n d i n g h y p o t e l l u r o u s s u l p h a t e , 
SO 4 Te, f o r m e d f rom t e l l u r i u m m o n o x i d e a n d s u l p h u r i c ac id , wh ich is n o t t h e case . 
T h e y sugges t ed t h e formulae : 

o<T.e o<T.e° 
SO 2 SO 

Red sulphotrioxide. Brown sulphotrioxide. 
which r e p r e s e n t t h e r e d modi f i ca t ion a s a s u l p h o n a t e of t e l l u r i u m in t h e u n s t a b l e 
c o n d i t i o n of b iva l ency , a n d t h e b r o w n modi f i ca t ion a s a b e t t e r b a l a n c e d c o m b i n a t i o n 
of ox ides of t h e t w o e l e m e n t s , in w h i c h b o t h a r e q u a d r i v a l e n t , a n d t h e c o m b i n a t i o n , 
there fore , m o r e s t a b l e u n d e r r ise of t e m p , t h a n t h e r e d modi f ica t ion , a n d y e t a 
c o m b i n a t i o n o u t of wh ich t h e t e l l u r i u m c a n n o t be e x p e c t e d t o s e p a r a t e f rom t h e 
s u l p h u r w i t h o u t r e d u c t i o n a t t h e s a m e t i m e t o a s t a t e of lower v a l e n c y . " R . A u e r b a c h 
said t h a t t e l l u r i u m dissolves a s Te -mols . i n p y r o s u l p h u r i c ac id . W . P r a n d t l a n d 
P . B o r i n s k y , b y a n a l o g y w i t h t h e i r h y p o t h e s i s for s u l p h u r sesqu iox ide , r e p r e s e n t e d 
t h e c o n s t i t u t i o n of t e l l u r i u m s u l p h o t r i o x i d e : 

O Z b \ T e 

Vide t h e a c t i o n of t e l l u r i u m on selenic ac id . Acco rd ing t o C. A. C a m e r o n a n d 
J . Maca l l an , co lou red c o m p o u n d s p r o d u c e d b y t h e a c t i o n of s u l p h u r , s e l en ium, a n d 
t e l l u r i u m o n selenic ac id h a v e b e e n p r o d u c e d b y t h e a c t i o n of t h e s e e l e m e n t s on 
su lphur i c ac id or a n h y d r i d e t o fo rm t h e c o m p o u n d s SSO 3 , SeSO 3 , a n d T e S O 3 . 
Owing t o t h e i r s i m i l a r i t y in t h e m o d e s of f o r m a t i o n w i t h t h o s e f o r m e d b y selenic 
acid, i t is a s s u m e d t h a t t h e r e s u l t i n g selenotrioxides a r e a n a l o g o u s t o t h e sulpho-
irioxides i n w h i c h s e l e n i u m a n d s u l p h u r a r e m u t u a l l y r ep l aceab l e . T h e t w o series 
of c o m p o u n d s a r e : 

Sulphotrioxides. Selenotrioxides. 
B l u e . . . . . S S O 3 S S e O 3 
Clreen . . . . SoSO 3 SoSeO 3 
R e d . . . . . T e S O 3 T e S e O 3 

The co lour of t h e a b o v e c o m p o u n d s a p p e a r s t o be a l m o s t en t i r e ly d u e to t h e e l e m e n t 
which is a d d e d o n t o t h e a n h y d r i d e ; t h e s u l p h u r or s e l e n i u m in t h e r e s idua l p o r t i o n 
of t h e m o l . h a s s ca rce ly a n y effect u p o n t h e co lour . 

J . J . Be rze l iu s 2 e v a p o r a t e d a so ln . of t e l l u r i u m i n cone , s u l p h u r i c ac id , a n d 
o b t a i n e d w h a t h e r e g a r d e d a s t h e n o r m a l s u l p h a t e ; b u t D . K l e i n and J . Morel 
showed t h a t t h e p r o d u c t is p r o b a b l y a bas ic sa l t , te l luryl oxysu lphate , 2TeO 2 -SO 3 ; 
or Te^O 3 (SO 4 ) ; or O = (TeO) 2 ^=SO 4 . B . B r a u n e r o b t a i n e d t h i s p r o d u c t b y boi l ing 
t e l l u r i u m d i o x i d e w i t h s u l p h u r i c a c id (1 : 1), a n d cool ing t h e so ln . D . K l e i n a n d 
J . Morel , P . K d t h n e r , a n d R . M e t z n e r u s e d a m o r e d i l . ac id , a n d e v a p o r a t e d t h e 
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soln. for c rys ta l l i za t ion . B . B r a u n e r sa id t h a t if less t h a n 50 p e r cen t , s u l p h u r i c 
ac id is used , t e l l u r i u m d iox ide s e p a r a t e s f rom t h e soln. J . J . Berzel ius , A. Gu tb i e r , 
a n d E . D i v e r s a n d M. Sh imose o b t a i n e d t h e sa l t f rom a soln . of tel lurium, in h o t 
su lphu r i c ac id . T h e sa l t furnishes r h o m b i c p r i s m a t i c c rys ta l s , which , a cco rd ing 
t o K . Vrba , h a v e t h e ax i a l r a t i o s a : b : c = 0 - 5 2 6 5 : 1 : 0 7 8 6 0 ; t h e (0Ol)-cleavage 
is comple t e ; complex t w i n n i n g occurs a b o u t t h e (HO)-p lane . T h e c rys t a l s 
p r o d u c e d b y t h e slow cool ing of t h e su lphur i c ac id soln. a r e colourless s ix-s ided 
p r i s m s ; a n d t h o s e o b t a i n e d b y r a p i d cooling a r e microscopic , s ix-s ided p l a t e s . 
T h e sp . gr . of t h e t a b u l a r c rys ta l s is 4-605, a n d t h a t of t h e p r i s m a t i c c r y s t a l s 4-7. 
R . Metzner found t h a t t h e c rys ta l s a re non-hygroscop ic , a n d s t a b l e . N o d e c o m ­
pos i t ion occurs a t 440°, b u t a t 500°, a l i t t le decompos i t i on occurs . H e n c e i t is 
easy t o s e p a r a t e a d h e r e n t su lphur i c ac id f rom t h e c rys ta l s , b y h e a t i n g t h e m i n v a c u o . 
J . J. Berze l ius sa id t h a t t h e sa l t me l t s w h e n h e a t e d , a n d a t a h igher t e m p , g ives off 
s u l p h u r t r i o x i d e l eav ing a res idue of t e l l u r i um d iox ide ; cold w a t e r a c t s s lowly o n 
t h e sa l t , a n d h o t w a t e r t r a n s f o r m s i t comple te ly i n t o t e l l u r i u m d iox ide a n d su l ­
p h u r i c ac id . I t dissolves in w a r m hydroch lo r ic a n d n i t r i c ac ids , a n d s e p a r a t e s o n 
cool ing t h e h o t , s a t . soln. R . Metzner u t i l ized t h e p rope r t i e s of t h i s s u l p h a t e for 
t h e s e p a r a t i o n of se lenium and t e l lu r ium. F . E p h r a i m p r e p a r e d t e l lur ium h e x a m -
minosulphate, TeSO4.6NH3. 

R . Metzner p r e p a r e d ammoniumsu lphato te l lur i t e , ( N H 4 ) H S O 4 . 2 T e O 2 - S O 3 . 2 H 2 O , 
b y a d d i n g a m m o n i u m s u l p h a t e t o a soln. of t e l l u r y l o x y s u l p h a t e in h o t , d i l . su l ­
p h u r i c ac id ; on cooling, ac icu lar c rys ta l s s e p a r a t e o u t . H e also p r e p a r e d p o t a s s i u m 
sulphatotel lurite , K H S O 4 . 2 T e O 2 . S O 3 . 2 H 2 O , in a s imi la r m a n n e r . G. Pe l l in i 
obse rved t h a t rubidium hydrosulpkatohydrote l lurate , R b ( H S O 4 ) ( H T e O 4 ) , m a y b e 
formed—v ide supra, h y d r o t e l l u r a t e s . F. F o r s t e r a n d co-workers obse rved n o s ign 
of t h e possible f o rma t ion of tellur oihio sulphuric acid, or t e l l u rod i th ion ic ac id cor re ­
s p o n d i n g w i t h t h e co r re spond ing se len ium c o m p o u n d s (q.v.). W . P r a n d t l a n d 
P . B o r i n s k y o b t a i n e d te l lur ium hexoxydisulphotetrachloride , TeCl 4 .2SO 3 , b y t h e 
a c t i o n of p y r o s u l p h u r y l chlor ide on t e l l u r i u m ; or of s u l p h u r t r i o x i d e on t e l l u r i u m 
t e t r a c h l o r i d e . T h e complex m e l t s in v a c u o a t Sb° ; a n d a t 120° in v a c u o i t 
furnishes tellurium trioxysulphotetrachloride, TeCl4.SO3. I t was also found tha t 
s u l p h u r t r i ox ide r eac t s w i t h t e l l u r i u m t e t r a b r o m i d e a n d t e l lur ium heptoxyd i su lpho-
dibromide, TeOBr 2 . 2SO 3 , is formed. 
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§ 16. Tellurium Nitrates 
M. H . K l a p r o t h , 1 a n d J . J . Berze l ius found t h a t t e l l u r i u m is r e ad i l y d i s so lved 

b y n i t r i c ac id fo rming a colourless so ln . D . K l e i n a n d J . Morel ' s o b s e r v a t i o n s 
on t h i s sub j ec t h a v e been d i scussed in c o n n e c t i o n w i t h t e l l u r i u m itself. W i t h a n 
ac id of s p . gr . 1-15, t h e e v a p o r a t i o n of t h e soln . a t a b o u t 50° furn ishes , a c c o r d i n g 
to J . F . Norris and co-workers, and P . Kothner, telluryl oxyhydroxynitrate, 
T e 2 O 3 ( O H ) ( N O 3 ) , t h a t is, H O - T e O - O - T e O - N O 3 . P . K o t h n e r sa id t h a t t h e 
fo rmu la 4 T e O 2 - N 2 O 5 - I - S H 2 O is n o t cor rec t . Acco rd ing t o P . K o t h n e r , t h e sa l t is 
be s t p r e p a r e d b y d i sso lv ing t e l l u r i u m in a s l ight excess of n i t r i c ac id ; a n d 
e v a p o r a t i n g t h e l i qu id so a s t o o b t a i n c ry s t a l s f rom t h e h o t soln . T h e c rys t a l s a r e 
w a s h e d wi th w a r m n i t r i c ac id of sp . g r . 1-255, a n d t h e n w i t h colder ac id ; a n d t h e n 
w i t h ac id a t 5°, t h e n w i t h a 3 : 1 -mix ture of cold n i t r i c ac id a n d a b s o l u t e a lcohol ; 
t h e n g r a d u a l l y ra i s ing t h e p r o p o r t i o n of a lcohol u n t i l finally a lcohol a lone is u sed 
t o r e m o v e t h e l a s t t r a c e of n i t r i c ac id . T h e c rys t a l s a r e t h e n d r i ed in v a c u o ove r 
p h o s p h o r u s p e n t o x i d e . P . K o t h n e r o b t a i n e d t h e c rys t a l s a s r h o m b i c p r i s m s f rom 
h o t so ln . J . F . Nor r i s a n d co-workers sa id t h a t t h e c rys ta l s a r e n o t hygroscop ic , 
a n d d o n o t lose t h e i r l u s t r e w h e n exposed t o a i r , b u t in m o i s t a i r , P . K o t h n e r found 
t h a t t e l l u rous a n d n i t r i c a c i d s a r e fo rmed . T h e s a l t is n o t c h a n g e d w h e n k e p t i n 
v a c u o over ca l c ium ch lo r ide . J . F . Nor r i s a n d co-workers sa id t h a t t h e n i t r a t e suffers 
n o loss i n w e i g h t f rom 110° t o 170°, b u t a t 190° t h e c rys t a l s beg in t o lose n i t r o g e n 
ox ide ; a n d t e l l u r i u m d i o x i d e is f o r m e d a t 300° . Acco rd ing t o D . K l e i n a n d 
J . Morel , t h e bas ic n i t r a t e is s lowly d e c o m p o s e d b y cold wa te r , n i t r i c ac id a n d a 
sma l l p r o p o r t i o n of t e l l u r i u m d iox ide is d issolved, whi le r e c t a n g u l a r p l a t e s of t e l ­
l u r i u m d iox ide r e m a i n . A t a h igher t e m p . , d e c o m p o s i t i o n is a l m o s t i n s t a n t a n e o u s ; 
t h e so ln . b e c o m e s s t r o n g l y ac id , a n d t h e g r e a t e r p a r t of t h e t e l l u r i u m d i o x i d e 
r e m a i n s und i s so lved in t h e fo rm of microscopic o c t a h e d r a . These f ac t s exp la in 
t h e c o m m o n l y - a c c e p t e d s t a t e m e n t t h a t t e l l u r i u m d iox ide is s l igh t ly so luble in w a t e r , 
b u t d o e s n o t r e d d e n b lue l i t m u s . T h e bas ic n i t r a t e does n o t a c t o n m o i s t e n e d 
l i t m u s i n t h e cold u n t i l a f te r s eve ra l h o u r s , a n d w h e n d e c o m p o s i t i o n t a k e s p lace 
t h e so ln . of a s m a l l q u a n t i t y of t e l l u r i u m d iox ide is d u e t o t h e p re sence of t h e free 
n i t r i c a c i d . Bas i c t e l l u r i u m n i t r a t e d issolves in n i t r i c ac id a n d crys ta l l izes r e a d i l y 
w h e n t h e so ln . is c o n c e n t r a t e d a n d cooled . I t s e e m s t o be m u c h m o r e soluble in 
t h e d i l . t h a n i n t h e cone . a c id . So ln . i n n i t r i c ac id of s p . gr . 1*1—1-4 a re s t ab l e 
a t a l l t e m p , a n d so ln . in ac id of s p . gr . a b o u t 1-35, a r e n o t d e c o m p o s e d on a d d i t i o n 
of 1OO vols , of w a t e r . O n t h e o t h e r h a n d , so ln . i n n i t r i c a c id of sp . gr . 1*1 a r e 
d e c o m p o s e d b y w a t e r w i t h p r e c i p i t a t i o n of t e l l u r i u m d i o x i d e , decompos i t i on 
be ing m o r e r a p i d t h e g r e a t e r t h e p r o p o r t i o n of w a t e r . T h e l i m i t of decompos i t i on 
a p p e a r s t o b e r e a c h e d w h e n t h e so ln . is m i x e d w i t h 5 vols , of w a t e r ; u n d e r t he se 
cond i t i ons , t h e p r e c i p i t a t i o n of t e l l u r i u m d iox ide is v e r y s low, a n d w i t h a smal le r 
p r o p o r t i o n of w a t e r n o d e c o m p o s i t i o n t a k e s p lace . T h e t e l l u r i u m d iox ide depos i t ed 
w h e n t h e n i t r i c ac id soln . a r e d i l u t ed , does n o t c rys ta l l i ze in o c t a h e d r a , b u t in some 
per fec t ly d i s t i n c t fo rm. 

A . R o s e n h e i m a n d G. J a n d e r f o u n d t h a t so ln . c o n t a i n i n g te l lu r ic ac id 
a n d p o t a s s i u m n i t r a t e d e p o s i t l a rge c r y s t a l s of p o t a s s i u m dinitratotel lurate , 
2 K N 0 3 . H 6 T e 0 6 . 2 H 2 0 ; a n d t h e y c a n be r ec rys ta l l i zed f rom di l . soln . of p o t a s s i u m 
n i t r a t e w i t h o u t d e c o m p o s i t i o n . S imi la r ly , w i t h soln . of s i lver n i t r a t e , c rys t a l s 
of s i lver n i tratote l lurate , A g N O 3 - H 6 T e O 6 , were fo rmed . T h e y a t t r i b u t e d t h e 
f o r m a t i o n of t h e s e c o m p l e x e s t o t h e w e a k ac id n a t u r e of t e l lu r ic ac id . A . O p p e n h e i m 
also o b t a i n e d s i lver n i t r a t o t e l l u r a t e a s a p r e c i p i t a t e b y a d d i n g s i lver n i t r a t e t o a 
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soln. of telluric acid ; similarly with mercurous nitratotellurate, and with lead 
nitratotellurate. 
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28 . 392, 1833 ; 32. 1, 577, 1834 ; M. H . KJapro th , Mem. Ahad. Berlin, 50. 17, 1798 ; Beitrage 
zur chernischen Kenntniss der Mineralkorpen, Berlin, 3 . 1, 1802 ; !London, 2 . 1, 1 8 0 4 ; Crell s 
Ann., 1. 9 1 , 1798 ; Gilbert's Ann., 12. 246, 1802 ; A. Oppenheim, Beobachtungen ilber das Tellur 
und einige seiner Verbindungen, G-ottingen, 1859 ; Journ. pralct. Chem., (1), 7 1 . 278, 1857 ; 
D . Kle in a n d J . Morel, Oompt. Rend., 99. 540, 567, 1884 ; Bull. Soc. Chitn., (2), 4 3 . 204, 1885 ; 
A. Qutbier , Sitzber. phys. Med. Soc. Erlangen, 37. 292, 1905 ; Studien ilber das Tellur, Leipzig, 
19Ol ; A. Rosenheim a n d Gk J a n d e r , KoIl. Zeit., 22 . 23 , 1918 ; G. J a n d e r , Ueber die Tellursdure 
und ihre AlkaJisalze in ihrerrt Verhalten als Halbkolloide, Berlin, 1917. 

§ 17. Tellurium Phosphates 
J . J . Berze l ius , 1 a n d H . Rose observed t h a t w h e n a soln. of sod ium p h o s p h a t e 

is a d d e d t o a n e u t r a l or feebly acid soln. of t e l lu rous ac id a wh i t e p r e c i p i t a t e is 
fo rmed ; a n d D . Kle in found t h a t t h e s p o n t a n e o u s e v a p o r a t i o n of a soln. of t e l l u rous 
ac id in cone, phosphor ic acid furnishes p u l v e r u l e n t tellurium phosphate w h i c h 
c a n n o t be w a s h e d wi th w a t e r because i t is reso lved b y t h a t l i qu id i n t o t e l l u r i u m 
d iox ide a n d phosphor ic ac id . T h e p r o d u c t c o n t a i n s a v a r i a b l e p r o p o r t i o n of 
phosphor i c acid. F . E p h r a i m a n d E . Majler were u n a b l e t o p r e p a r e a n a m m o n i u m 
p h o s p h o t e l l u r a t e ana logous t o t h e phosphose l ena t e s . Accord ing t o R . E . W e i n l a n d 
a n d H . P r a u s e , te l lur ic ac id forms c o m p o u n d s w i t h p h o s p h a t e s ana logous w i t h 
those o b t a i n e d wi th t h e a r sena t e s , t h u s , a m m o n i u m diphosphatote l lurate , 
2 ( N H 4 ) 2 O . P 2 0 5 . T e 0 3 . 4 H 2 0 , t h a t is, ( ( N H 4 O ) 2 = P O ) 2 T e O 2 , w a s o b t a i n e d b y 
e v a p o r a t i n g a soln. of 2 mols of p h o s p h o r i c acid, a mo l of o r tho te l lu r i c acid , a n d 
4 mols of a m m o n i a . T h e four-s ided p l a t e s be long t o t h e t r ic l inic sy s t em, a n d 
h a v e t h e ax ia l r a t io s a :b : c = 0-7337 : 1 : 0-7698, a n d cx=90° 2 8 ' , / 3 = 9 6 ° 42 ' , a n d 
y = 9 1 ° 34/. T h e sa l t is easi ly soluble in wa te r , a n d t h e soln. h a s a n a lka l ine r eac t ion ; 
i t c a n be recrys ta l l ized f rom w a t e r ; b u t i t o u g h t n o t t o be w a r m e d v e r y m u c h or 
a m m o n i a will b e g iven off. If t h e t h r e e c o m p o n e n t s j u s t i n d i c a t e d b e in p r o p o r t i o n s 
b e t w e e n 2 : 1 : 2-5 a n d 4 : 1 : 6 , a m m o n i u m triphosphatotel lurate , 4 ( N H 4 ) 2 0 . 3 P 2 0 5 . 
2 T e O 3 - I l H 2 O , or { N H 4 0 - P 0 ( 0 H ) } 2 T e 0 2 : T e O ( O H ) . P O ( O N H 4 ) 2 , is p r o d u c e d in 
monoc l in ic p r i s m s or p l a t e s w i t h t h e ax ia l r a t i o s a : b : e = 0 - 8 0 9 7 : 1 : 0-6347, a n d 
^8=116° 2 5 ' , w i t h t w i n n i n g a b o u t t h e (OOl)-plane. T h e c rys t a l s r e a c t ac id ; t h e y 
c a n b e rec rys ta l l i zed f rom w a t e r ; a n d t h e y d o n o t effloresce over su lphu r i c ac id . ' 
B y e v a p o r a t i n g s lowly over su lphur i c ac id a soln. of 2 mols of p h o s p h o r i c acid, one 
m o l of o r tho te l lu r i c acid, a n d 2 mol s of s o d i u m h y d r o x i d e , s ix-sided, 
b i p y r a m i d a l c rys t a l s of s o d i u m phosphatote l lurate , 2 N a 2 O . P 2 0 5 . 2 T e 0 3 . 9 H 2 0 , 
or ( N a O ) 2 P O . O . T e O 2 ( O H ) , a r e fo rmed . T h e sa l t c a n n o t be recrys ta l l i zed from 
w a t e r w i t h o u t decompos i t i on . T h e h e x a g o n a l c rys t a l s h a v e t h e ax ia l r a t i o 
a : c=l : 1-3646 ; t h e y d o n o t effloresce over su lphur i c ac id ; t h e y a re spa r ing ly 
so luble in cold w a t e r ; t h e a q . soln. is s l igh t ly a lka l ine t o w a r d s l i t m u s . R . E . We in ­
l a n d a n d H . P r a u s e p r e p a r e d po tas s ium hydrodiphosphatote l lurate , 11K2O-PoOr:. 
T e 0 3 . 1 7 J H 2 0 , or 

^ > P 0 - 0 - T e 0 2 - 0 ~ P 0 < ^ 1 7 H 2 0 

b y t h e e v a p o r a t i o n in v a c u o ove r cone , su lphu r i c ac id or a t a t e m p , below 40°, of a 
so ln . of t heo re t i c a l p r o p o r t i o n s of t h e c o m p o n e n t sa l t s . T h e ac icu la r or p r i s m a t i c 
c r y s t a l s of t h e heptadecahydrate effloresce a t o r d i n a r y t e m p . , b u t a re s t ab l e a t 4° or 5° . 
T h e sa l t is soluble i n w a t e r , a n d t h e a q . soln. r e a c t s acidic . T h e sa l t loses all i t s 
w a t e r a t 200° ; a n d ove r s u l p h u r i c acid , a b o u t t h r ee - fou r th s of t h e w a t e r 
is g i v e n off fo rming t h e tetrahydrate, ( K O ) 2 P O . O . T e 0 2 O . P O ( O H ) O K . 6 H 2 0 . T h e 
s a m e s a l t is p r o d u c e d a s i n t h e case of t h e h e p t a d e c a h y d r a t e us ing a cone . soln. of 
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phosphoric acid, or a soln. of 4 mols of phosphoric acid, one mol of orthotelluric acid, 
and 5 mols of potassium hydroxide. The salt forms radiat ing aggregates of rhombic 
crystals which do not effloresce in the desiccator, and lose no water a t 100°. The cor­
responding rubidium hydrophosphatotellurate, (RbO) 2PO.O.Te0 2 .O.PO(OH)ORb. 
4H 2O, was obtained from a soln. of 4 mols of phosphoric acid, one mol of orthotelluric 
acid, and 6 mols of rubidium hydroxide. 

For tellurium phosphotridecachloride, 2TeCl4.PCl6, vide supra. 

R E F E R E N C E S . 
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and E . Majler, Ber., 43. 277, 1910 ; IX Klein, Ann. CMm. Phya., (6), 10. 113, 1887. 



CHAPTER LX 
CHROMl UM 

§ 1. The History and Occurrence of Chromium 
I N 1766, J . G. Lchmann 1 described nova minera pluntbi specie cryslallina rubra 
which he had obtained from Ekateribourg, Siberia, bu t for the next th i r ty years, 
the composition of the mineral was more or less conjectural. P . S. Pallas, indeed, 
said t h a t i t contained lead, sulphur, and arsenic. J . G. Wallerius called it minera 
pluntbi rubra ; A. G. Werner, rothes Bleierz ; and L. C. H. Macquart, plomb rouge 
de Siberie—vide infra, crocoite. J- J . Bindheim supposed the mineral to be a 
compound of molybdic acid, nickel, cobalt, iron, and copper. In 1794, L. N. Vau-
quelin in co-operation with L. C, H. Macquart, reported tha t i t contained lead 
oxide, iron, alumina, and a large proportion—38 per cent.—of oxygen—oxyde 
de plomb suroxygene ; but in 1797, L. N. Vauquelin, in his Memoire sur une nouvelle 
substance metallique, contenue dans Ie plomb rouge de Siberie, et quon propose d'appeler 
chrome, showed tha t the contained lead was united to a peculiar acid which was 
shown to be the oxide of a new metal to which he applied the name ckrom—from 
^/ocDfca. colour—parce que ses combinaisons sont toutes plus ou moins colorees. 
L. N. Vauquelin said : 

I observed t h a t when the powdered mineral is boiled wi th a soln. of t w o parts of 
po tass ium carbonate , the lead combines wi th the carbonic acid, and the alkali , w i t h the 
peculiar acid, t o form a ye l low soln . which furnishes a crystal l ine salt (potass ium chromato) 
of the same colour. The mineral is decomposed b y mineral acids, a n d w h e n the so ln . is 
evaporated i t furnishes a lead salt of the mineral acid, and Vacide du plomb rouge (chromic 
acid) i n long prisms the colour of the ruby. W h e n the compound of Vacide du plomb rouge 
w i t h p o t a s h is treated w i t h mercury nitrate, it g ives a red precipitate , the colour of c innabar ; 
w i t h lead nitrate , an orange-yel low precipitate ; w i th copper nitrate , a maroon-red, e tc . 
ISacide du plomb rouge, free or in combinat ion , dissolves in fused borax, microcosmic salt , 
or glass t o which i t communica te s a beautiful emerald green colour. 

Ii. N". Vauquelin isolated a pale-grey metal by heating a mixture of the chromic 
acid and carbon in a graphite crucible. About the same time as L. N. Vauquelin, 
M. H. Klaproth, in 1797, also demonstrated the presence of a new element in the 
red Siberian ore, bu t in a letter to CrelVs Annalen he stated tha t L. N. Vauquelin 
had anticipated his discovery. M. H. Klaproth had dissolved the mineral in 
hydrochloric acid, and after crystallizing out the lead chloride, he saturated the 
liquid with sodium carbonate, and obtained the Metallkalk. He also noted the 
characteristic colour which it imparted to fused borax, and fused microcosmic salt. 
The results were confirmed by J . F . Gmelin, A. Mussin-Puschkin, S. M. Godon de St. 
Menin, and J . B . Richter. F . Brandenburg tried to show tha t the chromic acid 
of L. N . Vauquelin is really a compound of chromic oxide and one of the mineral 
acids, bu t K. F . W. Meissner, and J . W. Dobereiner proved this hypothesis to 
be untenable. 

Chromium is widely diffused, bu t does not occur in the free state. F . W. Clarke 2 

est imated t h a t the igneous rocks of the ear th 's lithosphere contain 0-052 per cent. 
Cr2O3 , 0-045 per cent. Cl, and 0 0 5 1 per cent, BaO. F . W. Clarke gave 0-37 per 
cent. Cr ; F. W. Clarke and H. S. Washington, 0-68 per cent. ; H. S. Washington 
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gave 0*20 per cent. ; G. Berg, 0*033 per cent. ; and J. H . L. Vogt , 0-01 per cent. 
W. Vernadsky gave O 0 0 3 3 for the percentage amount , and 0 0 1 for t h e atomic 
proportion. F . W. Clarke and H . S. Washington es t imated t h a t the earth's 10-mile 
crust, the hydrosphere and a t m . contained 0-062 per cent . Cr ; and the earth's 
25-mile crust, the hydrosphere and a tm. , 0-65 per cent, of Cr. W . and J. Noddack 
and O. Berg g a v e for the absolute abundance of the e lements in the earth : Cr, 
3 X 1 0 ~ 6 ; and Fe , 10~~2 ; whilst A . v o n AntropofE obtained for the a tomic percent­
ages, 0*29 in stellar atmospheres ; 0-021 in the earth's crust ; 0*05 in the whole 
earth ; and 0-29 in sil icate meteorites . The subject was also discussed b y 
V. M. Goldschmidt, G. T a m m a n , R. A. Sonder, P . Niggli , E . Herlinger, O. H a h n , 
J . JoIy, and H. S. Washington. P . Pondal said t h a t t h e proportion of chromium 
in basic rocks is greater than i t is in acidic rocks where the proportion is very low 
or zero ; he found 0*32 to 0*002 per cent, of Cr2O3 i n 15 samples of Galician magmas . 

Chromium occurs in minerals of extra-terrestrial origin. A. Laugier 3 found it 
in a meteori te from Vago. According to L. W. Gilbert, J . Lowi tz had previously 
found chromium in a meteorite from Jigalowka, b u t the analysis was no t published. 
Numerous analysis of other meteorites have been reported b y E . Cohen, and others. 
J . N . Xjockyer studied the spectra of meteorites . The general results show tha t 
chromium is a constant const i tuent of these meteorites . The amounts vary from 
0*003 to 4*4:1 per cent. I n most cases it is present as chromite ; somet imes in the 
chondrite, olivine, pyroxene, pictot ite , and daubreeite, FeCr 2 S 4 . H . A. Rowland , 4 

T. D u n h a m and C. E . Moore, S. A. Mitchell, P . W . Merrill, H . Deslandres, 
G. Kirchhoff, J. N . Lockyer, and F . McClean, reported t h a t the spectral l ines of 
chromium appear in the solar or in stellar spectra. H . Deslandres also found 
chromium lines in the ultra-violet spectrum of the corona. 

The principal mineral for the supply of chromium is chromite. I t has a var ie ty 
of names : chrome, ore, chrome-ironstone, or chrome iron ore, F e C C r 2 O 3 , in which 
the iron and chromium are more or less replaced b y magnes ium and aluminium. 
Iron ore wi th up to about 3 per cent, of chromium is called chromiferous iron ore. 
The origin of the chromite deposits has been discussed b y M. E . Glasser,5 

L. W. Fisher, E . Sampson, F . R y b a , C. S. Hitchin , J . S. Diller, P . A . Wagner, 
E . A. V. Zeally, J. H . L. Vogt , W. N . Benson, A. C. Gill, C. S. Ross , and J. T. Singe-
wald. E . Sampson bel ieved t h a t a l though chromite m a y crystallize a t a late stage 
as a magmat i c mineral, a large proport ion passes into a residual soln., or into a 
highly aq. soln. capable of considerable migration. The following analyses , Table I, 
were quoted b y W. G. R u m b o l d : 6 

T A B L E I . — A N A L Y S E S O F C H B O M I T E O R E S . 

Locality. 

Ba luches tan 
Se lukwe , R h o d e s i a 
Canada 
Urals , R u s s i a 
Orsova, H u n g a r y . 
Asia Minor . 
California 
N o r t h Carolina 
N e w Caledonia 

The commercial va lue of the ore is based on the proportion of contained chromic 
oxide. The ore m a y be sold per t o n ; or per unit of contained chromic oxide over, 
say, a 5 0 per cent , s tandard. Prior t o the Great War, Rhodes ia and N e w Caledonia 
were the chief producing countries ; during the years of the -war, and wi th the 
lack of facilities for ocean freights, there were marked increases in output from 

Cr8O8. 

57-O 
4 6 - 5 
4 6 0 
5 5 - 8 
3 9 O 
6O-1 
4 3 - 7 
5 7 - 8 
5 4 - 5 

FeO. 

1 3 - 6 
15-7 
2 2 - 5 
2 1 - 6 
1 6 1 
15-7 
14-O 
2 5 - 7 
17-7 

MgO. 

16 -6 
11-7 

4 - 9 
13 -9 
1 7 - 2 
16 -4 
16-5 

5 - 3 
8-0 : 

Al2O3 . 

9 - 8 
1 5 - 5 

8 - 9 
3 - 3 

1 7 - o 
6 - 3 

16-O 
7 - 8 

11-1 I 

SiO2 . 

1 - 2 
8-O 
7 - 7 
5 - 4 
8-O 
1 1 
8-O 
2 - 8 
3 1 
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United States, India, and Canada. The geographical distribution of chrome 
ore is illustrated in a general way by the map, Fig. I . 

Europe.— In t h e United Kingdom,7 d e p o s i t s a r e a s s o c i a t e d w i t h t h e s e r p e n t i n e n e a r 
L o c h T a y , a n d on t h e I s l a n d of U n s t , S h e t l a n d . I n Austria,8 t h e o re h a s b e e n w o r k e d 
in t h e Gu i se Val ley , a n d i n S t y r i a ; i n Hungary , a t O r s o v a , 9 t h e r e a r e l ow g r a d e o res a t 
O g r a d i n a , D u b o v a , P l ac i shev i t s a , Tso r i t z a , a n d E i b e n t h a l ; a n d i n Serbia,10 n e a r C a c a k . 
I n Germany,1 1 t h e r e is a l a rge depos i t of c h r o m i t e on t h e s o u t h s i d e of M o u n t Z o b t e n , L o w e r 
Silesia ; t h e e x p l o i t a t i o n of t h e c h r o m i t e n e a r F r a n k e n s t e i n , L o w e r Silesia, h a s n o t b e e n a 
c o m m e r c i a l success . I n Italy,1 2 a t Z iona . Greece 1 3 h a s b e e n a s t e a d y p r o d u c e r of 
c h r o m i t e for m a n y y e a r s ; t h e r e a r e i m p o r t a n t d e p o s i t s a t VoIo, a n d P h a r s a l a ; t h e r e a r e 
d e p o s i t s i n t h e p r o v i n c e s of Sa lon ika , Lokr i s , a n d B o i t i o ; a n d o n t h e i s l a n d s of E u b o e a , 
a n d S k y r o s . E . ISTowack,14 a n d D . A. W r a y d e s c r i b e d t h e d e p o s i t s i n M a c e d o n i a a n d 
Albania! I n Turkey,1 6 t h e r e a r e depos i t s of c h r o m e i r o n o r e . I n Norway,1 6 t h e r e a r e 
d e p o s i t s a t T r o n d h j e m , a n d R o r a a s ; t h o s e i n Sweden -were d i scussed b y F . R . T e g e n g r e n . 1 7 

I n Portugal,18 t h e r e is a depos i t n e a r B r a g a n c a ; a n d i n Spain,1 9 n e a r H u e l v a . Russia 2 0 

is r i ch i n c h r o m i t e ore , a n d w a s fo rmer ly a l a rge p r o d u c e r . C h r o m e ore is f o u n d a s s o c i a t e d 
w i t h t h e s o a p s t o n e s a n d s e r p e n t i n e s of t h e U r a l M o u n t a i n s e.g. o n t h e b a n k s of t h e 
K a m e n k a a n d ITopkaja. Masses of c h r o m i t e o c c u r a t O r e n b u r g . I n Jugoslavia c h r o m e 

F i a . 1 .—Geographica l D i s t r i b u t i o n of C h r o m e O r e s . 

o re occur s a t H id j e r s t i c a i n Se rb ia ; ar id i n t h e va l l eys of IDubost ica , T r i b i a , a n d K r i v a i a 
in B o s n i a . 2 1 C h r o m i t e a lso occu r s a t R a d u s c h a , a n d t h e p r o v i n c e s of K o s s o v o a n d 
M o n a s t i r . P . L e p e z , 2 2 E . N o w a c k , a n d Z). A . W r a y desc r ibed t h e d e p o s i t s of n o r t h - w e s t 
Macedonia. 

A s i a . — I n N o r t h e r n Borneo, t h e r e a r e d e p o s i t s o n t h e Mal l iwal l i I s l a n d , a n d c h r o m i t e 
s a n d s o n t h e M a r a s i n s i n g B e a c h . I n t h e I s l a n d s of Celebes,23 a l so , t h e r e a r e c h r o m i t e 
s a n d s . I n Ceylon, a l luv ia l c h r o m i t e occur s in t h e B a m b a r a b o t u w a d i s t r i c t . I n India,2* 
c h r o m i t e occu r s i n t h e p e r i o d o t i t e r o c k s n e a r S a l e m , M a d r a s , a n d a lso i n t h e A n d a m a n . 
T h e r e is a d e p o s i t n e a r K h a n o g i a , P i s c h i n , a n d i n t h e d i s t r i c t s of M y s o r e , H a s s a n , a n d 
S h i m o g a of t h e S t a t e of M y s o r e . T h e r e a r e a l so d e p o s i t s of c h r o m i t e i n B i h a r a n d Or i s sa 
of t h e S i n g h b h u m d i s t r i c t n e a r I i e t n a g i r i , B o m b a y P r e s i d e n c y ; a n d i n t h e H i n d u b a g h 
d i s t r i c t of B a l u c h i s t a n . I n Asia Minor,25 d e p o s i t s w e r e d i s c o v e r e d i n 1848 ; a n d f rom 
a b o u t 186O t o 1903 , t h a t c o u n t r y s u p p l i e d a b o u t half t h e w o r l d ' s o u t p u t . T h e r e a r e 
s e v e r a l m i n e s n e a r B r u s a . T h e r e a r e a lso d e p o s i t s i n S m y r n a , A d a n a , K o n i a , a n d A n a t o l i a . 
I n t h e Netherlands Cast Indies, t h e r e is a d e p o s i t t o t h e n o r t h of Mali l i , Ce lebes . In. 
Japan, 8 6 t h e r e a r e d e p o s i t s a t W a k a m a t s u , P r o v i n c e of H o k i , a n d a t M u k a w a , P r o v i n c e 
of I b u r i . 

Africa. I n Rhodesia,2 7 t h e d e p o s i t s n e a r S e l u k w e , S o u t h e r n R h o d e s i a , h a v e for s o m e 
years y i e l d e d a l a r g e r o u t p u t t h a n a n y o t h e r s . T h e r e a r e a l so d e p o s i t s i n L o m a g u n d i , 
v i c t o r i a , a n d M a k w i r o . I n Natal, c l i r omi t e o c c u r s a t T u g e l a H a n d , n e a r K r a n t z Klop. 
I h t h e Transvaal,2 8 c h r o m i t e occu r s w e s t of P r e t o r i a ; a n d i n t h e d i s t r i c t s of L y d e n b u r g , 
a n d R u s t e n b e r g . I n Togoland,29 W e s t Afr ica , t h e r e is a d e p o s i t b e t w e e n L o m e a n d 
A t a k p a m e . I t a l so o c c u r s i n Algeria. 

America*—In Alaska, 3 0 t h e r e a r e d e p o s i t s of c h r o m i t e o n t h e R e d M o u n t a i n , K e n a i 
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pexui3umla. I n Canada,31 c h r o m i t e o c c u r s i n t h e n e i g h b o u r h o o d of Co le ra ive , T h e t f o r d a n d 
H l a c k L a k e i n t h e P r o v i n c e of Q u e b e c . T h e M a s t a d o n c l a i m , B r i t i s h C o l u m b i a , 3 2 p r o d u c e d 
aboi&t 8OO t o n s of c h r o m i t e i n 1918 . T h e r e a r e d e p o s i t s a t P o r t a u H a y , a t B e n o i t B r o o k , 
a n d n e a r t h e B a y d ' E s t r i ve r , N e w f o u n d l a n d . M a n y d e p o s i t s of c h r o m i t e o c c u r i n t h e 
0Stted States. I t o c c u r s i n t h i r t y - t w o c o u n t i e s of t h e S t a t e of Ca l i forn ia : 8 3 A l a m e d a , 
Amador , B u t t e , C a l a v e r a s , Co lusa , D e l N o r t e , E l D o r a d o , F r e s n o , G-lenn, H u m b o l d t , 
Lape , M a r i p o s a , M e n d o c i n o , M o n t e r e y , N a p a , N e v a d a , P l a c e r , P l u m a s , S a n B e n i t o , S a n 
Zitiis O b i s p o , S a n t a B a r b a r a , S a n t a C l a r a , S h a s t a , S ie r ra , S u s k i y o w , S o n o m a , S t a n i s l a u s , 
T e i i a m a , T r i n i t y , T u l a r e , a n d T u o l u m i n e ; n e a r B i g T i m b e r , a n d B o u l d e r B i v e r , i n 
M o n t a n a ; a t M i n e H i l l , a n d n e a r B i g I v e y C r e e k , 3 4 N o r t h Ca ro l i na ; a t G o l c o n d a , O r e g o n ; 3 5 

i n M a r y l a n d ; 3 6 i n W y o m i n g ; a n d o n t h e Pacif ic Coas t . 3 7 T h e r e a r e a l so c h r o m i t e 
d e p o s i t s i n Nicaragua, i n t h e J a l a p a C o u n t y , Guatemala ; a n d i n seve ra l p a r t s of Cuba.38 I n 
Brazil,39 t h e r e a r e d e p o s i t s n o r t h - w e s t of B a h i a ; a n d i n Colombia, a t A n t i o q u i a . 

Australasia. I n New Caledonia,40 i m p o r t a n t d e p o s i t s a r e l o c a t e d a m o n g s t t h e m o u n ­
t a i n s i n t h e s o u t h e r n p a r t of t h e I s l a n d . I n Australia, t h e r e a r e d e p o s i t s b e t w e e n K e p p e l 
B a y a n d M a r l b o r o u g h , Q u e e n s l a n d ; 4 1 n e a r N u n d l , P u e k a , a n d M o u n t L i g h t i n g , N e w 
S o u t h W a l e s ; G i p p s l a n d , V i c t o r i a ; a n d N o r t h D u n d a s , a n d I r o n s t o n e Hi l l , T a s m a n i a ; 
a n d a c h r o m i f e r o u s i r o n ore occu r s a t N o r t h Coolgard ie , W e s t A u s t r a l i a . I n New Zealand,4 8 

c h r o m i t e d e p o s i t s o c c u r a t O n a t e a , Croiselles H a r b o u r ; in t h e D u n M o u n t a i n ; M o k e 
Creek , MiIford S o u n d , in O t a g o ; a n d b e t w e e n D ' U r v i l l e I s l a n d a n d t h e go rge of W a i r v a 
R i v e r . 

I n 1924, t h e p r ice of c h r o m e ore r a n g e d f rom 9s. 6d. t o lis. p e r u n i t . T h e 
wor ld ' s p r o d u c t i o n of c h r o m i t e ore in 1913 a n d 1916, e x p r e s s e d in long t o n s of 
2240 l b . avoi r . , w a s respec t ive ly , I n d i a , 5676, a n d 20,159 ; N e w Caledonia , 62 ,351 , 
a n d 72,924 ; S o u t h R h o d e s i a , 56 ,593, a n d 79,349 ; C a n a d a , — , a n d 24,568 ; 
A u s t r a l i a , 677, a n d 451 ; Bosn ia , 300 , a n d — ; Grreece, 6240, a n d 972 ; J a p a n , 
1289, a n d 8147 ; a n d t h e U n i t e d S t a t e s , 255, a n d 47 ,034. T h e W o r l d ' s p r o d u c t i o n s 
in t h e s e y e a r s were r e spec t i ve ly 133,381 a n d 262 ,353 . F o r 1922, t h e r e su l t s were : 

U n i t e d K i n g d o m 
S o u t h ^Rhodesia 
U n i o n S o u t h Afr ica 
C a n a d a 
I n d i a 
A u s t r a l i a 
G r e e c e 
•Jugos lavia 
R u m a n i a 

5 9 5 
83,46O 

8 6 
6 8 5 

22,777 
5 2 9 

9,768 
1 6 
3 0 

!Russia 
C u b a . 
G u a t e m a l a . 
U n i t e d S t a t e s 
B raz i l . 
As ia M i n o r . 
J a p a n 
N e w C a l e d o n i a 

W o r l d . 

1,500 
1 

42O 

2,50O 
3,696 

19 ,063 

145,0OO 

T h e m i n e r a l s c o n t a i n i n g c h r o m a t e s inc lude n a t u r a l l e ad c h r o m a t e , crocoite , 
or crocoisite, PbCrO4 ; phoenicochroite, or melanochroite, or phoenicite, 
3PbO.2CrO 3 ; beresowite or beresovite, 6Pb0 .3Cr0 3 .C0 2 ; vauquelinite, and 
laxmannite, 2(Pb5Cu)CrO4-(Pb9Cu)3(PO4)S ; tarapacaite, K2CrO4 , mixed with 
s o d i u m a n d p o t a s s i u m sa l t s ; jossa i te c o n t a i n s c h r o m a t e s of l ead a n d zinc ; 
dietze i te , a n i o d a t e a n d c h r o m a t e of ca lc ium. These a r e also daubreei te , F e C r 2 S 4 ; 
redingtoni te , a h y d r a t e d c h r o m i c s u l p h a t e ; c h r o m i t e , F e O - C r 2 O 3 ; m a g n o c h r o m i t e , 
( M g , F e ) O . C r 2 O 3 ; a n d chromit i t e , ( F e , A l ) 2 0 3 . 2 C r 2 0 3 . 

C. Po r l ezza a n d A. D o n a t i 4 3 o b s e r v e d t h e p resence of c h r o m i u m in t h e vo lcan ic 
tu fa of F i u g g i ; a n d A . D o n a t i , i n t h e p r o d u c t s of t h e S t r o m b o l i e r u p t i o n of 1916. 
The re is a n u m b e r of s i l ica te m i n e r a l s c o n t a i n i n g c h r o m i u m ; in some cases t h e 
c h r o m i u m is r e g a r d e d a s a n essen t ia l c o n s t i t u e n t ; in o t h e r s , a s a t i nc to r i a l a g e n t — 
K. K l e m m . T h e ch romos i l i ca t e s h a v e b e e n p rev ious ly d i s cus sed—6. 40, 865 , 
T h e r e a r e t h e ca l c ium c h r o m e g a r n e t , uwarowite ; t h e h y d r a t e d c h r o m i u m a l u m i n i u m 
i ron s i l ica te , tvolchonskoite ; t h e b r i g h t green , c l a y e y chrome ochre—sehvynite, 
milochite, aleaxzndrolite, cosvnochlore o r cosmochromite ; t h e ch rome-aug i t e , omphacite 
or onvphazite ; t h e aug i t i c diaclasite ; t h e chromediopside ; chromdiallage; t h e 
chrome-epidote of F . Z a m b o n i n i 44r o r t h e tatvmawtte of A. W . Gk !Blaeck ; t h e ch romic 
inica, juchsite ; t h e c h r o m i c m u s c o v i t e , avalile ; t h e c h r o m i c ch lor i te Jcummererite—and 
t h e v a r i e t y rhodochrome ; a s well a s chromocldorite o r rhodophyllite, a n d pennine ; t h e 
ch romic cLinochlor, ripidolite^ a n d kotschubeyite ; serpentine ; a n d chromotourinaline. 
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P . G r o t h , 4 6 G. Rose , a n d A. Schrauf found c h r o m i u m in wulfenite. T h e co lo ra t ion 
of minera l s b y c h r o m i u m was discussed b y W . H e r m a n n , 4 6 K . Sch lossmacher , a n d 
A. Verneui l . The coloured a l u m i n a smaragd, sapphire, a n d syemYe a r e ch romi fe rous . 
S o m e spinels a re chromiferous—e.g. chr onto spinel ; a n d t h e so-cal led picotite, or 
chromopicolile, is a chromosjnnel ; while alexandrite is a ch romi fe rous be ry l . 
K . A. Redl ich 4 7 descr ibed a chromiferous talc ; a n d K . Z i m a n y i , a ch romi fe rous 
aluminium, phosphate. C h r o m i u m occurs in t h e p h o s p h a t e rocks of I d a h o a n d U t a h . 
B . Hasse lberg r epor t ed t r aces of c h r o m i u m in a spec imen of rutile h e e x a m i n e d 
epectroscopical ly ; E . Ha rb i ch , in amphibole ; a n d H . O 'Danie l , i n pyroxene ; 
A. Jor i ssen found c h r o m i u m in t h e coal of L a H a y e , a n d t h e flue-dust f rom th i s fuel 
h a d 0-04 per cent , of Cr. H . Weger r epo r t ed c h r o m i u m in a s a m p l e of graphite ; 
F . Z a m b o n i n i found c h r o m i u m spectroscopical ly in vesb ine of t h e crevices, e tc . , a n d 
in t h e Vesuvian l ava of 1631. R. H e r m a n n , A. Vogel, C. E . Claus , P . Collier, 
a n d G. C. HofTmann observed c h r o m i u m assoc ia ted w i t h n a t i v e platinum ; a n d 
J . E . S t ead , w i t h iron ^ a n d steely a n d bas ic a n d o t h e r slags. 

C o m p o u n d s of c h r o m i u m do no t p l a y a n y k n o w n p a r t in t h e e c o n o m y of a n i m a l s 
or p l a n t s ; a n d i t has ra re ly been d e t e c t e d in a n i m a l or vege t ab l e p r o d u c t s . 
E . D e m a r c a y 4 8 observed, spectroscopical ly , t r a ce s of c h r o m i u m in t h e a sh of 
Scotch fir. silver fir, v ine , oak, poplar , a n d h o r n - b e a m ; a n d L. Gou ld in found i t in 
t h e f rui t of a rose. 
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§ 2. The Extraction of Chromium as Chromic Oxide or Chromate 
W h e n the chromite is d i sseminated in disconnected patches , i t is mined by 

open quarries generally in terraces or benches ; and w h e n large, well-defined 
deposits occur, as a t Selukwe, Rhodesia , underground workings are practicable. 
Chromite is n o t so hard as quartz, b u t i t is tougher, and does not break so easily. 
The mining is therefore assisted b y blasting. H a n d concentration b y sorting m a y 
be used. Here the ore is separated from waste b y means of a hammer ; the larger 
pieces of ore m a y be broken into coarse lumps in a jaw crusher, and passed on to 
a revolving table or endless belt for hand-sorting. For concentrating b y gravi ty 
machines, t h e ore is crushed moderate ly fine in a drop-stamping machine or in a 
ball mill, and then passed b y water over a table concentrator whereby i t is separated 
into (i) concentrate—consist ing of chromite only ; (ii) middl ing—containing much 
chromite ; (hi) ta i l ings—containing but l i tt le chromite and is sent to was te -dump ; 
and (iv) s l imes—often containing much chromite in a fine s tate of subdivis ion but 
not usual ly sufficient to deal w i t h profitably. The middling is re-treated usual ly 
on another concentrat ing table. The tail ings and sl imes represent loss. The 
concentrate varies in qual i ty , but i t usual ly exceeds 50 per cent, chromite . 1 

Chromite can be converted into chromic oxide or chromate, b y 
1. Dry processes.—Here the powdered mineral is mixed wi th an alkali, and 

something t o keep the mass open and porous while i t is roasted b y an oxidizing 
flame, say, in a reverberatory furnace, so as to form alkali chromate : 2(FeO-Cr2O3) 
+ 4 N a 2 C 0 3 + 7 0 = F e 2 0 3 + 4 N a 2 C r 0 4 + 4 C 0 2 . This is extracted with water and 
converted in to dichroruate b y t reatment wi th acid ; the dichromate is then reduced 
to insoluble chromic oxide and a soluble alkali salt which is removed b y l ixiviat ion 
with water. The reaction was studied b y A. J. Sofianopoulos, and H. A. Doerner. 
Technical details are indicated in t h e usual handbooks . 2 

If calcium chromate be treated wi th a soln. of potass ium sulphate, the calcium 
chromate is converted into calcium sulphate, which is precipitated, and potas­
s ium chromate, which remains in soln. Ins tead of leaching the calcium chromate 
with a soln. of potass ium sulphate, W. J . Chrystal showed t h a t if a m m o n i u m 
sulphate is used, a soln. of a m m o n i u m chromate is produced, and J . J. H o o d found 
that if the soln. of potass ium salt be treated wi th sodium hydrosulphate , potass ium 
sulphate crystall izes from the soln., while sodium dichromate remains in soln. 
According t o F . M. and D . E). Spence and co-workers, if a mixture of ammonia 
and carbon dioxide be passed into the aq. extract of the calc ium chromate, calcium 
carbonate is precipitated while a m m o n i u m and alkali chromate remain in soln. 
If the l iquid be boiled, ammonia is g iven off, and sodium dichromate remains in 
soln. S. Pont ius used water and carbon dioxide under press, for the leaching 
process. J . Brock and W . A. Rowel l purified alkali chromite b y treating the soln. 
with s tront ium hydroxide , and digest ing the washed precipitate wi th a soln. of 
alkali sulphate or carbonate ; W . J . A . I )onald used calcium hydroxide or barium 
chloride as precipitant . A mixture of chromite wi th calcium carbonate and 
potassium carbonate was formerly m u c h employed. Modifications of the process 
were described b y W . J. A. Donald,» A. R. Lindblad, C. J . Head, S. G. Thomas , 
W. Gow, J . S tevenson and T. Carlile, L.. I . PopofT,G. Bessa, P.Weise , P . N . Lukianoff, 
B. Bogitch, E . Baumgartner , W. Carpmael, Grasselli Chemical Co., N . F . Yush-
kevich, A. J . Sofianopoulos, It . W . St imson, H . Specketer and G. Henschel , and 
C. S. Gorman. J . B o o t h , a n d S. G. Thomas heated the chromite t o a high t emp, 
before i t was treated wi th the lime-alkali mixture. Wi th the idea of lowering 
the t emp, a t which the chromate is formed, F . O. Ward recommended adding 
calcium fluoride t o the mixture ; and J. Massignon and E . Vatel added calcium 

VOL. x i . K 



13O INORGANIC A N D THEORETICAL, C H E M I S T R Y 

chlor ide . V. A. J a c q u e l a i n r e c o m m e n d e d calc in ing a m i x t u r e of calcium carbonate 
and ch romi te ; ex t r ac t i ng t h e ca lc ium c h r o m a t e w i t h h o t water ; acidifying 
t h e soln. wi th su lphur ic acid ; a n d p r ec ip i t a t i ng t h e iron b y i&he addit ion o£ a 
l i t t le ca lc ium ca rbona te . T h e soln. of ca lc ium d i c h r o m a t e can b e treated w i th 
alkal i for t h e alkal i sa l t . P . R o m e r used alkali carbonate wi thout t h e calcium 
c a r b o n a t e ; t h e Chemische F a b r i k Bi l lwarder d iges ted the chromite wi th sodium 
hydrox ide in a n i ron vessel a t 500°-600° t h r o u g h w h i c h w a s passed a current of 
air, an oxidizing agen t was also a d d e d t o t h e m i x t u r e . H . Moissan treated ferro-
chromium wi th fused po t a s s ium h y d r o x i d e . T h e Chemische Fabrik Oriesheim-
E l e k t r o n used a modificat ion of t h e process . G. W a c h t e l s t u d i e d t h e effect of the 
l ime. H e said t h a t w i th l ime a lone t h e r e is a 90 p e r cen t , conversion of chromic 
oxide used a n d a 30 pe r cent , convers ion w i t h c h r o m i t e ; and t h a t about 10 per 
cent , of t h e chromic oxide acqui res t h e p r o p e r t y of dissolving in acids. The y ie ld 
wi th po t a s s ium c a r b o n a t e alone is on ly half as la rge a s w h e n t h e p o t a s s i u m car ­
b o n a t e is mixed wi th a n equal q u a n t i t y of l ime. H e n c e , t h e simialtaneous act ion 
of t h e ca lc ium a n d po t a s s ium c a r b o n a t e on t h e ore gives b e t t e r results t h a n when 
ei ther is used a lone. N . F . Y u s h k e v i c h observed t h a t t h e formation of chromate 
wi th t h e chromi te- l ime-sodium c a r b o n a t e m i x t u r e is slow a t 7O0° ; a t 1160°, 
95 per cent , of t h e c h r o m i u m is oxidized in t h i r t y m i n u t e s ; and a t 1260° d e c o m ­
posi t ion sets in. L . I . PopofE found t h a t t h e speed of o x i d a t i o n of r ich ores is 
quicker t h a n w i t h poo r ores, a n d t h e pe rcen t age y ie ld of c h r o m a t e is g r ea t e r . If 
t h e chromi te con ta ins 30 t o 40 pe r cen t . Cr 2 O 3 , l ime t o t h e e x t e n t of 80 per c en t , 
of t he weight of t h e ore shou ld be a d d e d ; 90 p e r cen t , of l ime for 40 t o 50 p e r 
cent , ores ; a n d 120 t o 130 per cen t , of l ime for over 50 per cen t . ores . These 
quan t i t i e s of l ime m u s t b e increased if t h e t e m p , of ox ida t i on exceeds 1100°. 
T h e theore t ica l q u a n t i t y of sod ium c a r b o n a t e was used . H . P incass discussed th i s 
subjec t . P . Homer , a n d N . W a l b e r g r e c o m m e n d e d us ing sod ium c a r b o n a t e in 
place of t h e more expens ive p o t a s s i u m c a r b o n a t e . O t h e r a lkal i sa l t s h a v e been 
s u b s t i t u t e d for t h e c a r b o n a t e ; t h u s , S. P o n t i u s , K. A. T i lghman , a n d H . M. D r u m -
m o n d a n d W . J . A. D o n a l d used a lkal i s u l p h a t e ; J . Swindells , sod ium chlor ide ; 
E . P . P o t t e r a n d W . H . Higgins , sod ium su lpha t e ; K. H e n c , a lkal i h y d r o x i d e ; 
L . N . Vauquel in , J . B . Trommsdorff, a n d J . F . W. Nasse , p o t a s s i u m n i t r a t e ; 
a n d C. S. G o r m a n h e a t e d a m i x t u r e of ch romi te , sodium chloride, a n d c a l c i u m 
h y d r o x i d e in s t e a m a t 550°-850° . H . Schwarz found t h a t b y using a lka l i s u l p h a t e 
t h e po t a s s ium c h r o m a t e can be leached d i rec t ly from t h e mass . I n s t e a d of us ing 
ca lc ium c a r b o n a t e , C. S. G o r m a n used m a g n e s i u m or b a r i u m c a r b o n a t e ; F . F . Wolf 
a n d L . I. PopofE, i ron oxide ; H . A. Seegall , b a r i u m ca rbona t e ; a n d t h e D e u t s c h e 
So lvay -Werke , ferric oxide . P . M o n n a r t z m a d e t h e ore i n to b r i q u e t t e s with sand, 
l imes tone , a n d t a r ; these were fed i n to a smal l b las t furnace us ing a b l a s t of air 
enr iched w i t h oxygen . The p r o d u c t s were a fe r ro-chromium alloy, and a slag 
w i t h 9-4 p e r cen t , chromic oxide . Modifications of t h e roas t ing process for chromates 
were employed b y C. H a u s s e r m a n n , F . Filsinger, H . A. Seegall, a n d J . Upprnann 
for r ecover ing c h r o m i u m from chromife rous residues. 

W . H . D y s o n a n d L . Ai tch ison 4 h e a t e d ch romi te mixed w i t h a ca rbonaceous 
m a t e r i a l t o 900° in a m i x t u r e of equa l vols , of h y d r o g e n chlor ide a n d chlorine unti l 
all t h e i ron h a d vola t i l ized ; t h e res idue w a s t h e n hea t ed t o 1200° in t h e s a m e gases 
t o dis t i l off t h e c h r o m i u m . W . Crafts r educed t h e ore w i t h charcoa l a t 1300° t o 
1350°, e x t r a c t e d t h e p r o d u c t w i th cone, su lphur ic ac id a t 100° ; a n d t h e c h r o m i u m 
m a y b e p r e c i p i t a t e d b y a d d i n g ca lc ium chlor ide t o c o n v e r t t h e s u l p h a t e t o ch lor ide 
a n d p r e c i p i t a t i n g a s h y d r o x i d e b y l imes tone ; o r t h e c h r o m i u m can be p r e c i p i t a t e d 
e lec t ro ly t i ca l ly f rom t h e s u l p h a t e soln. Accord ing t o C. Muller a n d co-workers 
c h r o m i t e is first r e d u c e d in h y d r o g e n or in a m i x t u r e of gases con ta in ing h y d r o g e n 
a n d t h e p r o d u c t is h e a t e d a b o v e 200° w i t h a s l ight deficiency of su lphur ic ac id i n a 
c losed vessel l ined w i t h h a r d l ead con ta in ing preferably 3 pe r cen t , of Sb. 

Soln. of chromates can be r e d u c e d t o chromic sa l t b y hydrogen sulphide 
(Ia, K. Vauquelin),** sulphur d iox ide (A. F . Duflos, a n d J . B. Trommsdorff), alkali 
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polysulphide (J. J . Berzelius), sulphur in a boiling soln. (G. F . C. Frick, J . L.. Las-
saigne, and H . Moser)—vide infra, chromic oxide. 

2 . Wet processes.—Chromates can be obta ined from chromite or chromic oxide 
in the wet -way . The Chemische Fabrik Griesheim-Elektron 6 d igested the powdered 
mineral w i th sulphuric ac id of sp . gr. about 1-54 wi th an oxidizing agent l ike lead 
or manganese dioxide, potass ium permanganate , etc . E . Miiller and M. Soller 
used lead dioxide ; E . Bohl ig , potass ium permanganate ; E . JDonath, manganese 
dioxide ; P . W a a g e and H. Kammerer , bromine ; F . Storck and L. L. de Koninck , 
chloric acid ; H . Dercum, G. Feyerabend, W. Stein, and M. Balanche, bleaching 
powder ; and R. v o n Wagner used a mixture of sodium hydroxide and potass ium 
ferricyanide. The chromium can also be extracted from chromite wi th acids, e t c . 

3 . Electrolytic processes.—R. Lorenz 7 found that a soln. of potass ium dichromate 
can be prepared b y passing a current at 2 vo l t s potential be tween an anode of 
ferrochrome (containing about equal quantit ies of chromium and iron) and a 
cathode of porous copper oxide, the t w o electrodes dipping in a soln. of potass ium 
hydroxide conta ined in a beaker. Ferric oxide collects at the b o t t o m of the beaker. 
The Chemische Fabrik Griesheim-Elektron obtained chromates b y electrolytic 
oxidat ion w i th an anode of chromium, or of a chromium alloy—e.g. ferrochromium, 
an iron cathode , and a soln. of an alkali hydroxide separating the anode and cathode 
b y a diaphragm. Sufficient alkali is added to the anode l iquid t o precipitate the 
metal a l loyed wi th the chromium of the anode. Chromic acid a n d ferric sulphate 
can be separated b y fractional crystall ization. A modification of the process 
consists in dissolving the chromium or ferrochromium instead of using i t directly as 
anode and then electrolyzing it, using an insoluble anode, such as lead. The ca thode 
and anode compartments are separated b y t w o diaphragms, and a hydroxide or a 
carbonate is added t o the e lectrolyte contained in the compartment be tween the 
latter. J". Heibl ing used an alkali chloride or nitrite soln. as anolyte . 

C. Haussermann 8 oxidized electrolytical ly a soln. of chromic hydroxide in 
soda-lye in the anode compartment , when the cathode liquid was a soln. of an 
indifferent sal t ; D . G. Fitzgerald used an acidic soln. of chromic oxide as anode 
liquor, and a soln. of a zinc sal t about the cathode, and on electrolysis, chromate 
was formed at the anode and zinc was deposited on the cathode. K. E lbs said 
that a current efficiency of 70 per cent , can be obtained wi th freshly-ignited p lat inum 
anodes of low current densi ty . F . Regelsberger had no success in the oxidat ion 
of chromium salts in acidic soln. , e v e n w i th the use of a diaphragm ; but good 
results were obta ined wi th alkaline soln. , us ing lead anodes, wi th or wi thout a 
diaphragm, wi th warm soln. M. de K a y Thompson studied the production of 
chromates by the electrolysis of sod ium carbonate or hydroxide soln. wi th ferro­
chromium electrodes. E . Miiller and M. Soller said t h a t chrome a lum dissolved 
111 -ZV-H2SO4 is n o t appreciably oxidized t o chromic acid b y the use of an anode of 
smooth plat inum ; b u t a trace of lead in the soln. is precipitated on the anode as 
lead dioxide, and this brings about oxidat ion ; traces of chlorine also favour the 
oxidation. There is about one-third the ox idat ion wi th a platinized plat inum 
anode as occurs w i t h a lead dioxide anode. W i t h a lead dioxide anode, the ox idat ion 
is a lmost quant i ta t ive in fairly cone. soln. of chrome alum, and a current density 
of about 0-005 a m p . per sq. cm. The difference is not due to the higher potential 
of the lead dioxide anode, b u t rather depends on the lead dioxide acting cata-
lytical ly as a carrier of oxygen . I. StscherbakofE and O. Ess in found t h a t in 
the electrolytic production of dichromate from chromate a sudden rise in the 
conduct iv i ty of the e lectrolyte is observed when the composit ion corresponds t o 
the polychromate , Na 2 Cr 4 O 1 2 . I n order t o obtain the best yields of dichromate , 
electrolysis m a y be conducted either in normal chromate soln. a t high current 
density or at lower current dens i ty in soln. of the above polychromate composi t ion. 
According t o F . Schmiedt , and A. K. y Miro, the oxidat ion is favoured b y the 
presence of fluorine ions ; a n d M. G. l*evi and F . Ageno added t h a t w i th normal 
soln. of chromium sulphate and i V - H 2 S 0 4 , on electrolysis wi th platinized plat inum 
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electrodes in the presence of 0-4982V-hydrofluoric acid, the yield trf 78 per 
cent, chromic acid is comparable wi th tha t produced b y lead dioxide electrodes. 
The Hochster Farbwerke said t h a t in the electrochemical oxidation of a soln. of 
chrome alum to chromic acid, it is necessary for cone, sulphuric acid to be present, 
because, added F. Fichter and E . Brunner, the acid m u s t be cone, enough t o furnish 
sulphur tetroxide. F . Schmiedt found that the oxidation is favoured b y the 
presence of Cy-ions (e.g. potass ium cyanide or ferrocyanide), m a n y oxidizing agents , 
compounds of phosphorus and boron, cerous nitrate, sodium molybdate or vanadate , 
and plat inum tetrachloride. The Chemische Fabrik Buckau found t h a t the reduc­
tion of chromate b y cathodic hydrogen, in cells without diaphragms, is avoided b y 
the use of a l itt le acetic acid or an acetate . The electrolytic oxidat ion of soln. 
of chromium salts was also examined b y M. Ie Blanc, F . Regelsberger, F . W* Skirrow, 
A. R. y Miro, L. Darmstadter, H . R. Carveth and B . E . Curry, and the Farbewerke 
Meister Lucius and Briining, A. W. Burwell, I. StscherbakofE, A. !Lottermoser and 
K. FaIk, E. Miiller and E . Sauer, R. E . Pearson and E . N . Craig, M. J . U d y , and 
R. H. McKee and S. T. Leo. 
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§ 3 . The Preparation of Chromium 
H . N . W a r r e n x r e d u c e d c h r o m i c ox ide b y h e a t i n g in a c u r r e n t of hydrogen in 

a t u b e of compre s sed l ime b y m e a n s of t h e o x y h y d r o g e n n a m e . W . Kol in o b t a i n e d 
c h r o m i u m b y r e d u c i n g c h r o m i c ox ide a t 1500° in a r a p i d c u r r e n t of h y d r o g e n 
f rom wh ich eve ry t r a c e of o x y g e n a n d w a t e r - v a p o u r h a d been r e m o v e d . J. Schil l ing 
hea t ed a m m o n i u m c h r o m a t e t o w h i t e n e s s in h y d r o g e n d i l u t e d wi th n i t r ogen a n d 
o b t a i n e d c h r o m i u m . M. Bi l ly pa s sed t h e v a p o u r of t h e ch lor ide m i x e d w i t h 
h y d r o g e n ove r a b o a t c o n t a i n i n g s o d i u m s u p p o r t e d on a l ayer of s o d i u m chlor ide 
a t 400° t o 420° ; t h e h y d r o g e n fo rms a l aye r of h y d r i d e , a n d t h i s r educes t h e 
chlor ide , C r C l 3 + 3 N a H = C r + 3 N a C l + 3 H . M. A. H u n t e r a n d A. J o n e s r educed 
t h e ch lor ide b y h e a t i n g i t w i t h s o d i u m in a h e a v y s tee l b o m b . As prev ious ly 
ind ica t ed , I J . N . V a u q u e l i n first p r e p a r e d c h r o m i u m m e t a l b y h e a t i n g a m i x t u r e 
of ch romic ox ide a n d carbon in a g r a p h i t e c ruc ib le ; a n d J . B . R i c h t e r , a n d H . Moser 
ob t a ined i t in a s imi la r m a n n e r . H . S t . C. Devi l le m e l t e d t h e c h r o m i c oxide w i t h 
n o t q u i t e sufficient c a r b o n for c o m p l e t e r e d u c t i o n a t a t e m p , of boi l ing p l a t i n u m 
in a l ime c ruc ib le . A c c o r d i n g t o H . Moissan, c h r o m i c ox ide is r e d u c e d in a few 
m i n u t e s w h e n m i x e d w i t h c a r b o n a n d h e a t e d in t h e e lect r ic a r c fu rnace . If a 
large excess of c a r b o n is e m p l o y e d , c h r o m i u m ca rb ide is fo rmed . If c r u d e c h r o m i u m 
in a c ruc ib le l ined w i t h c h r o m i c ox ide , a n d cove red w i t h c h r o m i c oxide is h e a t e d 
m t h e a rc - furnace , c h r o m i u m m a y be o b t a i n e d free f rom c a r b o n . If c r u d e c h r o m i u m 
is h e a t e d w i th an excess of c h r o m i c oxide , t h e r e su l t i ng m e t a l is p a r t i a l l y oxidized 
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or b u r n t . C h r o m i u m m a y b e o b t a i n e d w i t h 1-5—1-9 p e r cen t , of c a r b o n b y h e a t i n g 
t h e c r u d e m e t a l m i x e d w i t h l i m e in a n e lec t r ic fu rnace . T h e c a r b o n fo rms ca l c ium 
ca rb ide . I t is n o t possible t o r e m o v e al l t h e c a r b o n b y m e a n s of l ime because , 
w h e n t h e p r o p o r t i o n of c a r b o n h a s been r e d u c e d be low a c e r t a i n p o i n t , a n i nve r se 
r eac t i on occurs resu l t ing in t h e f o r m a t i o n of c rys ta l l i zed c h r o m i u m ca lc ium ox ide . 
H . C. Greenwood found t h a t t h e r e d u c t i o n of c h r o m i c ox ide b y c a r b o n beg ins a t 
1180°-1195°, a n d t h e r e d u c t i o n is n o t q u a n t i t a t i v e . W . B . H a m i l t o n a n d F . R e i d 
used ca rbon . W . P . E v a n s ' s a t t e m p t s t o o b t a i n c h r o m i u m f rom c h r o m y l f luoride, 
c a r b o n a n d silica were unsa t i s f ac to ry . V. a n d E . RoufE h e a t e d a n i n t i m a t e m i x t u r e 
of a lkal i c h r o m a t e w i t h silica a n d c a r b o n t o redness , a n d o b t a i n e d a lka l i s i l icate 
a n d ch romic oxide which , w h e n i n t i m a t e l y m i x e d w i t h c a r b o n a n d h e a t e d , furn ishes 
c h r o m i u m . A. S te inbe rg a n d A. D e u t s c h h e a t e d t o 1000°—1400° a m i x t u r e of 
c a r b o n a n d a n a lka l ine e a r t h c h r o m a t e , a n d o b t a i n e d c h r o m i u m . H . D e b r a y 
showed t h a t if l ead c h r o m a t e be r e d u c e d b y c a r b o n a t a r ed -hea t , l e ad c a n be 
r e m o v e d from t h e r egu lus b y m e a n s of n i t r i c a c i d — c h r o m i u m r e m a i n s . 
W . R. B a l a n t i n e used ca lc ium ca rb ide . J . E . Tjoughlin h e a t e d c h r o m i c acid w i t h a 
m i x t u r e of p o t a s s i u m cyan ide and ca rbon . E . Viel ob t a ined c h r o m i u m f rom 
fe r ro -ch romium or o t h e r a l loys b y h e a t i n g in a h i g h - t e m p , furnace a m i x t u r e of 
t h e a l loy wi th an a lkal ine e a r t h si l icate, or w i t h c a r b o n a n d l ime or a l u m i n a . 
E . K u n h e i m also h e a t e d a m i x t u r e of ch romic s u l p h a t e a n d c a r b o n in an e lec t r ic 
a rc- furnace , a n d ob ta ined c h r o m i u m . A. R i n e t d u J a s s o n n e i x found t h a t a 
m i x t u r e of boron a n d chromic oxide in a magnes i a crucib le h e a t e d in t h e e lectr ic 
a rc - furnace furnishes c h r o m i u m ; if a c a r b o n cruc ib le is employed , t h e c h r o m i u m 
a l w a y s con t a in s ca rbon . If t h e c h r o m i u m bor ide b e h e a t e d w i th coppe r in a n 
electr ic furnace , a n d t h e p r o d u c t d iges ted w i th n i t r ic acid, c h r o m i u m r e m a i n s . 
H . Go ldschmid t , L . F r a n c k , T. F u j i b a y a s h i , a n d T. G o l d s c h m i d t found t h a t c h r o m i c 
ox ide c a n be r e d u c e d b y t h e t h e r m i t e process in which a m i x t u r e of ch romic ox ide 
a n d aluminium in a crucible is ign i ted b y a fuse. E . V igouroux , a n d J . W . R i c h a r d s 
s a id t h a t c h r o m i u m p r o d u c e d b y t h e t h e r m i t e process is free f rom c a r b o n . 
E . V igouroux obse rved t h a t a fair ly p u r e p r o d u c t is formed b y h e a t i n g in a c ruc ib le 
l ined w i t h magnes ia , a m i x t u r e of ch romic ox ide a n d 10—20 pe r cen t , c h r o m i c 
a n h y d r i d e i n c o r p o r a t e d w i t h t h e necessa ry q u a n t i t y of a l u m i n i u m p o w d e r . A 
v igorous r eac t i on ensues , a n d i t is over in a b o u t a m i n u t e . T h e slag s e p a r a t e s 
r e a d i l y f rom t h e m e t a l . The p r o d u c t c o n t a i n s 0*36—0-40 p e r cen t , of silicon, a n d 
0-74—0*85 p e r cen t , of a l u m i n i u m a n d i ron . J . Olie u sed 20 g r m s . of a m i x t u r e of 
5O g r m s . of fused a n d p o w d e r e d p o t a s s i u m d i c h r o m a t e a n d 18 g r m s . p o w d e r e d 
a l u m i n i u m , t o g e t h e r w i t h IO g r m s . of a m i x t u r e of 450 g r m s . of ca lc ined ch romic 
ox ide a n d 160 g r m s . of p o w d e r e d a l u m i n i u m . T. F u j i b a y a s h i used ch romic oxide 
(100 p a r t s ) , ca lc ium c h r o m a t e (10—15 p a r t s ) , a n d 90 p e r cen t , of t h e ca lcu la t ed 
w e i g h t of p o w d e r e d a l u m i n i u m . A n 85 t o 92 pe r cen t , y ie ld was o b t a i n e d a n d t h e 
r e su l t i ng c h r o m i u m c o n t a i n e d 3 t o 5 pe r cen t , of a l u m i n i u m . M. Y o n e z u u s e d a 
s imi lar p rocess . T . G o l d s c h m i d t , M. Ie B lanc , a n d G. Dol lner used magnesium, or 
a c a r b i d e , in p lace of a l u m i n i u m in t h e t h e r m i t e p rocess ; T. Go ldschmid t , a m i x t u r e 
of c a l c i u m a n d silicon in p lace of a l u m i n i u m ; a n d W . P r a n d t l a n d B . B leye r u sed 
a m i x t u r e of ca lc ium a n d a l u m i n i u m i n s t e a d of a l u m i n i u m a lone ; A. B u r g e r pa s sed 
t h e v a p o u r of calcium ove r h e a t e d ch romic ox ide ; a n d h e a t e d t h e p r o d u c t w i t h 
d i l . n i t r i c ac id u n t i l t h e ac id b e g a n t o boi l ; t h e p r o d u c t w a s first w a s h e d w i t h 
w a t e r , t h e n w i t h a lcohol , a n d finally d r ied a t 100°. H e also o b t a i n e d c h r o m i u m 
b y h e a t i n g a m i x t u r e of a m o l of c h r o m i c ox ide a n d 3 g r a m - a t o m s of c a l c i u m in a 
sea led t u b e . B . N e u m a n n r e d u c e d c h r o m i c ox ide w i t h silicon in a n electr ic fu rnace ; 
F . M. B e c k e t u sed t h e s i l i co thermic process ; S. H e u l a n d r e d u c e d t h e ox ide w i t h 
calcium silicide ; R . B y m a n , ferrosilicon ; T>. W . Ber l in , a n a l u m i n i u m silicide ; 
R . S a x o n , calcium carbide ; a n d IJ. We i s s a n d O. Aichel , mischmelall. 

H . A s c h e r m a n n h e a t e d a m i x t u r e of c h r o m i c a n d antimonious oxide i n a n e lectr ic 
f u r n a c e , a n d f o u n d t h a t t h e r e s u l t i n g a l loy loses al l i t s a n t i m o n y a t a w h i t e - h e a t . 
S. H e u l a n d m e l t e d t h e c h r o m i u m ore in a n e lectr ic fu rnace w i t h a r e d u c i n g a g e n t 



C H R O M I U M 1 3 5 

sufficient t o p r o d u c e on ly a sma l l a m o u n t of m e t a l w h i c h will c o n t a i n al l t h e 
de le te r ious i m p u r i t i e s i n t h e ores , e.g., p h o s p h o r u s , c a r b o n , o r i ron . T h e r e m a i n d e r 
of t h e m e t a l is t h e n r e d u c e d f rom t h e fused slag b y a d d i t i o n of ca l c ium silicide. 
T h e Me ta l R e s e a r c h Co. h e a t e d in a b las t - furnace a m i x t u r e of c h r o m i c ox ide , a 
s o d i u m c o m p o u n d , a n d c a r b o n so t h a t t h e s o d i u m first l i b e r a t e d r educes t h e 
ch romic ox ide t o c h r o m i u m . Processes for t h e sme l t i ng of c h r o m e ores were 
descr ibed b y T . R . H a g l u n d , Ak t i ebo l age t Fer ro leger ingar , W . B e n n e t t , 
W . E . S. S t r o n g a n d co-workers . 

F . W o h l e r h e a t e d in a crucible a m i x t u r e of ch romic ch lor ide , a n d zinc a long 
w i t h a m i x t u r e of p o t a s s i u m a n d s o d i u m chlor ides ; a n d t r e a t e d t h e regu lus w i t h 
dil . n i t r i c ac id t o r e m o v e t h e z inc . 3O g r m s . of ch romic chlor ide y ie lded 6 t o 7 g r m s . 
of c h r o m i u m . T h e process was used b y W . P r i n z , E . J a g e r a n d G. Kr i i ss , a n d 
E . Z e t t n o w ; a n d M. S iewer t a d d e d t h a t t h e p r o d u c t is a l w a y s c o n t a m i n a t e d w i th 
silicon de r ived from t h e crucible . E . W o h l e r sa id t h a t t h e r e is n o a d v a n t a g e in 
us ing m a g n e s i u m or c a d m i u m in p lace of zinc ; b u t E . Gla tze l p refer red m a g n e s i u m . 
J . J . Berze l ius r educed d r y ch romic ch lor ide w i t h p o t a s s i u m ; H . S t . C. Devi l le , 
s o d i u m ; E . F r e m y , sod ium v a p o u r ; IC. S e u b e r t a n d A. S c h m i d t , m a g n e s i u m ; 
a n d L . Hacksp iH, ca lc ium. H . C. P . W e b e r h e a t e d b e t w e e n 700° t o "1200° a 
m i x t u r e of c h r o m i c chlor ide a n d iron in order t o p r o d u c e meta l l i c c h r o m i u m a n d 
volat i l ize ferric chlor ide . If t h e i ron is sufficiently finely d iv ided , a n d a re la t ive ly 
low t e m p , is e m p l o y e d for r educ t ion , c h r o m i u m is o b t a i n e d in a f inely-divided form. 
If solid pieces of i ron a re u sed a n d t h e r eac t ion t a k e s place be low t h e m . p . of t h e 
m e t a l s , a c o a t i n g of c h r o m i u m is fo rmed o n t h e pieces of i ron. If a n excess of i ron is 
used a n d a sufficiently h igh t e m p , is emp loyed , a n al loy of c h r o m i u m a n d i ron is pro­
duced . Chlor ides of c h r o m i u m a n d nickel m a y be s imilar ly r educed t o g e t h e r t o 
form al loys or m i x t u r e s w i t h each o t h e r or w i t h i ron . Chromic oxide m a y be 
e m p l o y e d a n d c o n v e r t e d i n t o ch lor ide w i t h c a r b o n a n d chlor ine. T h e reduc t ion 
process is a d v a n t a g e o u s l y ca r r i ed o u t i n v a c u o or in a n i ne r t a t m . such as n i t r ogen . 
W . P . E v a n s r e d u c e d t h e v a p o u r of c h r o m y l fluoride b y sod ium a t 400°, a n d also 
b y zinc n e a r i t s b . p . Z. R o u s s i n t r e a t e d a feebly acidic soln. of a ch romic salt, 
w i t h s o d i u m a m a l g a m , a n d h e a t e d t h e r e su l t ing c h r o m i u m a m a l g a m i n h y d r o g e n 
so as t o vola t i l ize t h e m e r c u r y . H . Moissan, J . Eeree , a n d C. W . V i n c e n t used 
a s imi lar p rocess . Acco rd ing t o C. G o ldschmid t , c rys ta l l ine c h r o m i u m is fo rmed 
w h e n a soln. of, s ay , c h r o m i c n i t r a t e is k e p t for some d a y s in a t i n vessel . 

I n 1854, R . B u n s e n 2 o b t a i n e d c h r o m i u m b y t h e electrolysis of a n aq . soln. 
of c h r o m o u s ch lo r ide . H e sa id : 

The dens i ty of the current t h a t is , the s trength of the current d iv ided b y the surface 
of the electrode a t w h i c h the e lectrolys is occurs is m o s t important , for, w i th increasing 
current dens i ty , t h e power of t h e current t o overcome chemical affinity also increases. 
For instance , if a current of c o n s t a n t current s trength be sent through a soln . of chromic 
chloride, it depends on the area of t h e result ing electrode whether hydrogen, chromic oxide , 
chromous ox ide , or chromium is formed. T h e relat ive a m o u n t s of the const i tuents of the 
electrolyte through which t h e current passes are of n o less importance . . . . The reduction 
to the meta l occurs -with boi l ing cone . soln. w h e n t h e reducing surface receives a current 
of 0*067 a m p . per sq . c m . . . . B y us ing a soln. of chromous chloride, containing some 
chromic chloride, cont inuous sheets of chromium can be obtained. These are quite brittle, 
and t h e surface ly ing against the p l a t i n u m electrode is perfect ly whi te and of a metal l ic lustre. 
Chemically pure chromium can be obta ined on ly in th i s w a y . I t resembles iron very 
much in externa l appearance , b u t i t is more permanent in d a m p air, and when heated 
burns t o chromic ox ide . Hydrochlor ic a n d sulphuric acids dissolve i t s lowly to chromous 
salts w i th the evo lu t ion of hydrogen ; a n d i t is scarcely a t t a c k e d b y nitric acrid e v e n when 
boiling. . . . If t h e current* dens i ty b e gradual ly lowered, a po in t is soon reached when 
in plaoe^ of the meta l , there i s a copious formation of anhydrous chromoiis-chromic oxide . 
This ox ide c a n be m a d e o n l y in th i s w a y , and i t i s purified* b y long boil ing wi th aqua regia. 
I t is a black crystal l ine powder , soluble in no acid, a n d burning in air like pyrophoric iron 
wi th a l ive ly deflagration, t o form green chromic ox ide . I t s compos i t ion varies between 
^ r 4^e and Cr 6O 8—vide infra, chromic chrornate. 

Accord ing t o E . Mul ler a n d P . E k w a l l , in t h e electrolysis of a soln. of ch romic 
acid u s ing a c a r b o n c a t h o d e , a film of ch romic ch ro rna t e begins t o form a t a 
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po ten t i a l , m e a s u r e d aga ins t a n o r m a l ca lomel e lec t rode , of - f -08 vo l t , whi le evolu­
t i o n of h y d r o g e n begins a t a b o u t —1-2 vo l t . W i t h a p l a t i n u m e lec t rode , h y d r o g e n 
evo lu t ion begins a t a b o u t 0 4 vol t , while t h e s e p a r a t i o n of c h r o m i u m , wh ich i s 
c o n t a m i n a t e d w i th oxide, occurs a t a b o u t —1-2 vo l t , a n d is p r e c e d e d b y t h e for­
m a t i o n of t h e insoluble, colloidal ch romic c h r o m a t e film, wh ich is first o b s e r v e d 
microscopical ly a t —O 7 vol t , a n d is pressed c a t a p h o r e t i c a l l y t o t h e c a t h o d e . T h e 
gel is purified b y dialysis , a n d is found t o m i g r a t e t o t h e c a t h o d e , w h e r e i t is 
coagu la ted . The c o m p o u n d is soluble in ac ids a n d bases , a n d i t s c o m p o s i t i o n 
cor responds t o t h e fo rmula Cr 2 (OH) 4 CrO 4 . W h e n p r e s e n t a s a film, t h e molecu les 
a re o r i en ted a n d form a d i a p h r a g m , which is i m p e r v i o u s t o C r O 4 " or H C r O ' 4 - i o n s , 
b u t al lows H*-ions t o pass . R e a c t i o n accord ingly ceases u n t i l t h e h y d r o g e n sepa­
ra t ion po t en t i a l is exceeded w h e n t h e film is b r o k e n a n d t h e r e a c t i o n p r o c e e d s 
in accordance w i t h t h e e q u a t i o n : C r 2 ( 0 H ) 4 C r 0 4 + 2 H 2 C r 0 4 = 2 C r " * + 3 C r O 4 " + 4 H 2 O . 
Depos i t ion of c h r o m i u m t h e n occurs , a n d t h e c h r o m i c c h r o m a t e film is a g a i n 
formed. The depos i t ion of successive l ayers of t h i s film acco rd ing t o t h e m a g n i t u d e 
of t h e appl ied po t en t i a l is shown u n d e r t h e microscope b y differences in colour . 
T h e presence of su lphur ic ac id in t h e e lec t ro ly te modifies t h e film f o r m a t i o n a n d 
increases t h e in t e rva l s of exposure of t h e e lec t rode , w h e r e b y g r e a t e r access ion of 
c h r o m i u m ions resul ts , while c o n t a m i n a t i o n of t h e depos i t ed m e t a l w i t h ox ide is 
suppressed . M. Ju. V. Gayler used a one per cent , su lphur i c ac id soln. of c h r o m i c 
ac id . E . Miiller a n d J . Stscherbakoff found t h a t in sp i te of i t s s t r o n g oxid iz ing 
ac t ion , p u r e chromic acid is n o t e lect rolyt ical ly reduc ib le in aq . soln., b u t i t 
becomes so on a d d i t i o n of SO" 4 - ions . T h e y showed t h a t t h e c a t h o d e becomes 
c o a t e d w i t h a n invisible, non-conduc t ing , fine-grained layer , wh ich p r e v e n t s t h e 
r e d u c t i o n of chromic acid . This l ayer becomes cha rged in p resence of S O " 4 , b u t 
t h i s occurs only after a cer ta in c a t h o d e p o t e n t i a l h a s been a t t a i n e d . I t is hence 
conc luded t h a t charg ing b y t h e SO" 4 - ions necess i ta tes t h e e lec t ros ta t i c a t t r a c t i o n 
of these ions by t h e l ayer of colloid. S. T a k e g a m i also s t ud i ed t h e depos i t of 
colloidal ch romic oxide . 

R . B u n s e n sugges ted t h a t i t wou ld be w o r t h t r y i n g t o find if a l lo t ropic forms 
of c h r o m i u m could be p r o d u c e d b y e lec t ro lyzing g reen a n d b lue ch romic sa l t soln. 
S u b s e q u e n t work , however-—by W . K. W h i t n e y , e t c . — h a s shown t h e h y p o t h e s i s 
t o be u n t e n a b l e . S. O. Cowper-Coles o b t a i n e d a b r i g h t depos i t of c h r o m i u m from 
a soln. of 25 p a r t s of chromic chlor ide in 75 p a r t s of w a t e r a t 88°, w i t h a c u r r e n t 
of 0-04—0-05 a m p . pe r sq. cm. W i t h a cold soln., gas is evo lved a t b o t h e lec t rodes , 
b u t n o meta l l i c depos i t is o b t a i n e d un t i l an excess of hydroch lo r i c acid is a d d e d . 
J . F e r e e found t h a t a s teel-grey depos i t of c h r o m i u m on a p l a t i n u m c a t h o d e is 
f o rmed w i t h a soln. of ch romic chlor ide acidified w i t h hydroch lo r i c acid ; a n d a 
s i lver -whi te depos i t f rom a soln. con t a in ing p o t a s s i u m a n d ch romic chlor ides in t h e 
p r o p o r t i o n of 1 : 3 , a n d a c u r r e n t dens i t y of 0-15 a m p . pe r sq. cm. , a n d 8 vo l t s . 
J . Voisin a d d e d t h a t w h e n t h e depos i t is over 3 or 4 m m . th ick , i t is l iable t o peel 
off. T h e Wolf ram-Liampen A. G. o b t a i n e d c h r o m i u m b y t h e e lectrolysis of soln. 
of c h r o m i c ch lor ide in a c e t o n e ; J . R o u d n i c k , a n d G. Neuendorf? a n d F . Saue rwa ld , 
b y t h e e lect rolysis of t h e fused s i l icate . 

S. O. Cowper-Coles found t h a t a soln. of 100 p a r t s of c h r o m e - a l u m in 100 p a r t s 
of w a t e r w i t h 12 p a r t s of b a r i u m s u l p h a t e does n o t y ie ld a depos i t of c h r o m i u m m e t a l 
on e lec t ro lys is . E . P l a c e t found t h a t w h e n a soln. of chrorne-a lum a n d a n a lkal i 
s u l p h a t e acidified w i t h su lphu r i c ac id , is e lec t ro lyzed, c h r o m i u m is depos i t ed a t t h e 
c a t h o d e a s a h a r d , b lu i sh -whi te , l u s t r o u s m e t a l , which , u n d e r ce r t a in cond i t ions , 
c rys ta l l i zes i n g r o u p s r e sembl ing t h e b r a n c h i n g of firs. O t h e r m e t a l s a n d alloys—-
b r o n z e , coppe r , i ron , b ra s s , e t c . — m a y be p l a t e d w i t h c h r o m i u m , a n d a surface 
c a n be o b t a i n e d t o r e semble ox id ized si lver. E . P l a c e t a n d J . B o n n e t h a v e a 
n u m b e r of p a t e n t s on t h i s sub jec t . 

Various ba ths have been recommended and the subject of chromium plating has been 
discussed by M. Alkan, J. D . Alley, C. M. Alter and F . C. Mathers, R. Appel, P . Askenasy 
and. A. Revai , E . M. Baker and E . E . Pet t ibone, E . M. Baker and A. M. Rente , M. Ballay, 
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J. Bauer , F . M. B e c k e t , K. Bilfinger, W . Biret t , J . Blasberg, W . B l u m , J . J . Blooxnfield. 
a n d W . B l u m , Gr. Ie Bris , A. Champion, A . Butz iger , Chemical T r e a t m e n t Co., Chromium 
Corporation of America , A . J". Coignard, J . Cournot, W . Crafts, J . W . Cuthbertson, 
Q. J . De la tre , S. 13revfus, W . S. E a t o n , C. B . Eldridge, P . W . Kllwanger, O. M. E n o s , 
J). T. E w i n g and A. Kl. Malloy, H . L . Farber a n d W . B l u m , S. Fie ld , C. a . Fink, C. Q. F i n k 
a n d C. M. Eldridge , J . EL. Frydlender , G. I?. Fuller, Gr. F u s e y a a n d co-workers, GL E . Gardam, 
B . Grah, A . J£. Graham, L. E . a n d L . F . Grant, F . Grove-Palmer, G. Grube, C. A . Guidini , 
O. Gunther , O. H a h n , C. H a m b u e c h e n , J. H a r d e n a n d JJ. T. Ti l lquist , B . E . Bearing, 
JB\. E . B e r i n g a n d VV. J?. Barrows , J . H a u s e n , E . V. Hayes -Gratze , J . M. H o s d o w i c h , 
M. Hosenfe ld , H!. W . B o w e s , W . E . H u g h e s , T. W . S. H u t c h i n s , V. P . I l insky a n d co-workers, 
B». J u s t h , E . K a l m a n n , Y . K a t o a n d co-workers, D - B . Iveyes a n d S. S w a n n , IX M. !Killefler, 
V. Kx>hlsohutter a n d A. Good, E . KLrause, F . K r u p p , E . KLruppa, S. Ky ro p o u lo s , B . Lange , 
F . Lauterbach, E . Liebreich a n d co-workers, H . Leiser, P . Leistritz a n d F . Burghauser , 
B . F . Lewis , C. L . L o n g a n d co-workers , F . Longauer, H . S. Lukens , O. Macchia , 
J. F . IC. McCullough a n d B . W . Gilchrist , B . «T. M a c N a u g h t o n a n d co-workers, B . Mendel­
sohn , Meta l a n d Thermi te Corporation, Metropol i tan-Vic kers Electr ical Co., E . Muller, 
E . Muller a n d co-workers, M. JSTagano a n d A. Adachi , Nat iona l Electro lyt ic Co., W . Obst , 
Olausson a n d Co., E . A. Ollard, K . Oyabu , A. B . Packer , A. V. Pamfiloff a n d G. F . Fi l ip-
puicheff, L. C. P a n , J . C. P a t t e n , W . Pfanhauser , W . M. Phi l l ips , W . M. Phi l l ips and 
M. F . Macaulay , W . M. Phi l l ips a n d P . W . C. Strausser, H. C. Pierce, H . C. P ierce and 
C. B . H u m p h r i e s , R.. J. Piersol , W . L. Pinner, W . L. Pinner a n d E . M. Baker , F . B . Porter, 
H. E . P o t t s , C. B . Procter , E . Richards , J . G. Roberts , J . Roudnick , G. F . Sager, F . Salzer, 
G. J". Sargent , V. Schischkin and H . Gernet , H . Scl imidt , R. Schne idewind and co-workers , 
K. W . Schwartz , A. S iemens , E . W . M. v o n S iemens and J . G. B a l s k o , J. Sigrist and 
co-workers , O. «X. Sizelove, J . Stscherbakofi a n d O. Ess in , W . Ste inhorst , L. E . S t o u t and 
J. Carol, F . Studinges , H. E . Sunberg, V. Szidon, O. P . W a t t s , B. Weisberg a n d W . F . Green-
wald , S. Wernick, H . WoIfY, M. W o m m e r , L. Wright , F . W . Wurker, a n d S. Y e n t s c h . 

J. F . Li. Moller and E . A. Gr. Street obtained chromium b y the electrolysis of an 
aq. soln. of chrome-alum and sodium sulphate at 90° wi th a current dens i ty of 0-4 
amp. per sq. cm. B . S tahn electrolyzed soln. of chromous salts. J . Voisin also 
obtained no deposi t of chromium wi th a v io let soln. of chrome-alum m i x e d wi th 
potass ium hydrosulphate , using a current density of 0*02 to O 2 0 amp. per sq. 
cm. and 4 t o 12 vol ts , and similarly wi th neutral and alkaline soln. ; w i th a green 
soln. of chrome-alum and O-18 amp. per sq. cm. a small, grey deposit of a substance 
soluble in hydrochloric acid was obtained. According t o M. Ie Blanc, chromium 
deposits cannot be obtained in the manner described. A m o n g other processes, 
the following can be used : 

A sa t . so ln . of chromic su lphate a t t h e t e m p , of the room, -was used a n d 100 e.e. dil. 
t o GOO c.e. w i t h water and t h e n s o d i u m chloride a d d e d t o saturat ion . A p la t inum foil 
w a s u s e d as ca thode . W i t h 4O sq . c m . ac t ive ca thode surface, us ing a current dens i ty of 
0*2 a m p . per sq . c m . , there w a s obta ined a qu i te smal l , black prec ipi tate -which from its 
behaviour appeared t o be c h r o m i u m . W i t h a current dens i ty of 0-3 a m p . per sq . c m . no 
precipi tate w a s ob ta ined . A prec ipi tate did n o t appear w h e n t h e a b o v e b a t h w a s sat . 
w i th s o d i u m su lphate i n s t e a d of s o d i u m chloride and e lectrolyzed at 30° and 80° -with a 
current of 0*2 a n d O-3 a m p . per sq . c m . 

F. Adcock found t h a t chromium of a high degree of purity can be obtained by the 
electrolysis of an aq. soln. containing 3O per cent, of purified chromic acid, and 
one per cent , sulphuric ac id us ing t in or steel cathodes . I n one wi th a steel cathode 
rotat ing 30 revs, per minute , t h e t e m p , of the bath was 20°, the vol tage 5*2, and 
the amperage 140. The current densit ies a t the cathode and anode were 28 amp. 
and 7-2 amp. per sq. dm. , and the yie ld of chromium in 30 hrs. was 500 grms., with 
a current consumpt ion of 8-3 ampere-hrs. per gram. All the samples as deposited 
contained hydrogen and oxygen , the former being liberated during remelt ing in 
vacuo. The cathode chromium is in a form which leaves no residue on dissolution 
in acid, and is converted, w h e n heated in vacuo, into insoluble chromic oxide. This 
can be removed , however, b y heat ing the solid metal in purified and dried hydrogen 
to 1500°—1600°. After these treatments , spectroscopic examinat ion failed to 
reveal a n y impurit ies . T. Murakami studied the action of chemical reagents on 
the deposits . 

B . N e u m a n n and G. Glaser examined the influence of current strength, current 
density, c o n e , and t e m p , wi th different soln. of chromic salts. The diaphragm 
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cells contained the chromium salt soln. in the cathode compartment , and a mineral 
acid or salt soln. in the anode chamber. The cathode was ordinary carbon, b u t 
the deposited chromium was found to adhere also to cathodes of borax, lead, or 
platinum ; the anode, according to the soln. employed, was lead, plat inum, or carbon. 
If the cathode soln. is not well circulated, i t becomes impoverished a t the cathode, 
and with high current* densities only the chromosic oxide is deposited. Us ing a 
chromic chloride soln. with 100 grms. of Cr per litre, a t the temp, of the room, 
and with current densities less than 0-072 amp. per sq. cm. , the deposit consisted 
of metal mixed with more or less of the chromosic oxide ; and -with current densities 
0-091 to 0-182 amp. per sq. cm. , metal alone was deposited wi th a 38-4: t o 38-6 per 
cent, ampere output. The deposit is good up to about 50°, but beyond t h a t the 
chromium deposits as a black powder. Wi th a constant current density and wi th 
soln. containing 184 grms. of Cr per litre and over, the deposit was a metall ic 
powder ; with soln. containing respectively 158, 135, and 105 grms. of Cr per litre, 
the percentage ampere outputs of pure metal were respectively 50-6, 49-0, and 
38-4 ; with soln. containing 179 grms. of Cr per litre, at first metal and the chromosic 
oxide were deposited ; and with 53 or less grms. of Cr per litre, chromosic oxide 
and hydrogen were formed. Sulphate and acetate soln. give similar results except 
the numerical values differed from those just indicated. The acetate soln. gave 
imperfect precipitates, and poor yields ; the best yield—84-6 per cent .—with 
sulphate soln. occurred with soln. containing 65—85 grms. of Cr per litre, and a 
current density of 0-13 to 0*20 amp. per sq. cm. B . Neumann , and G. Glaser 
concluded that the influence of t emp, is of slight importance, but H. R. Carveth 
and W. R. Mott found that with chloride soln. a rise of t emp, caused a marked 
decrease in efficiency. The electrodeposition of chromium 1WaS also invest igated 
by J. Sigrist and co-workers, and E . F . Smith. S. Kyropoulos found tha t 
chromium is deposited more freely in isolated spots on the crystal faces of tempered 
aluminium. A higher current density favours deposition on the crystal faces. 
Deposit ion on the crystal faces is favoured by conditions such that the production 
of hydrogen at the Cathode is possible. Resistance to copper deposition is most 
clearly shown by passive chromium, deposition occurring only on isolated spots 
of non-passive chromium; with hydrogen evolution at the cathode, deposition 
occurs on the crystal faces of the chromium. 

According to H. R. Carveth and W. R. Mott, in the electrolysis of a soln. of 
chromic chloride containing 100 grms. of Cr per litre, at 21°, and a current 
densi ty of 0*5 amp. per sq. cm., the efficiency slowly increased until a constant value 
of about 30 per cent, was attained. This phenomena was attributed to the for­
mat ion of chromous chloride 'which is assumed to be necessary for efficient 
electrolysis—raising the temp, acts deleteriously by increasing the rate of oxidation 
of chromous chloride. The bubbling of air through the soln. diminished the 
efficiency. Variations in the nature of the anode liquid caused considerable altera­
tions in the efficiency ; high values were obtained wi th an anolyte of ammonium 
sulphate, due, i t is supposed, to diffusion into the cathode chamber. O. D o n y -
Henaul t added tha t the formation of chromous chloride is not the only condition 
required for the deposition of chromium from a soln. of chromic salt. During the 
electrolysis of a soln. of chrome-alum, the green soln. becomes violet, and after a 
t ime deposits violet crystals of the alum. Chromium was deposited from the 
v io let but no t from the green soln. 

According to J. Voisin, the electrolysis of a soln. of purified chromic acid gives 
2 vols , of hydrogen and one vol . of oxygen as in the analogous case of sulphuric 
acid. The electrolysis of a soln. of ordinary chromic ac id—260 grms. per l i tre— 
wi th a current density of 0-40 amp. per sq. cm. g ives 0*250 grm. of white , adherent 
chromium per hour. Chromium anodes are preferable. The deposit is improved 
w h e n 5—6 grms. of boric acid per litre are present. A sat. soln. of chromic hydroxide 
in hydrofluoric acid, and a current densi ty of 0-2 to 0*20 amp. per sq. cm. and 12 vo l t s 
g i v e s n o metal , b u t a green deposit of Cr2O3 .9H2O appears on the cathode. 
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H . H . Ca rve t l i a n d B . E . C u r r y f o u n d t h a t c h r o m i u m beg ins t o b e d e p o s i t e d i n s t a n t l y 
f rom a soln . of i m p u r e c h r o m i c ac id a t 18° w i t h a c u r r e n t d e n s i t y of a b o u t 0 8 0 a m p . 
p e r sq. c m . T h e depos i t i on is n o t so r e a d i l y o b t a i n e d -with soln. of purif ied c h r o m i c 
ac id w h i c h h a s a decompos i t i on v o l t a g e of 2*31 v o l t s . I n al l cases , t h e l iqu id w a s 
co loured b r o w n , a n d c h r o m i c s a l t s w e r e p r o d u c e d ; t h e b r o w n p r e c i p i t a t e fo rmed 
a t t h e c a t h o d e is p r o b a b l y Cr(CrO 4 ) . I t is a s s u m e d t h a t s e x i v a l e n t c h r o m i u m 
ca t i ons a r e p r e s e n t in t h e so ln . of c h r o m i c ac id , a n d t h a t t h e inc reased depos i t i on 
w h i c h occur s w h e n s u l p h u r i c a c id is p r e sen t , is d u e t o a n inc rease in t h e cone , of 
t h e s e x i v a l e n t Cr -ca t ions b y a r e a c t i o n of c h r o m i c ac id w i t h t h e su lphu r i c ac id . 
F . Sa lzer f o u n d t h a t t h e depos i t s of c h r o m i u m a r e p r o d u c e d w i t h a b a t h of 
a p p r o x i m a t e l y e q u a l p r o p o r t i o n s of c h r o m i c ac id a n d c h r o m i c ox ide ; or p r e f e r ab ly 
w i t h a n excess of c h r o m i c ac id . T h e q u a n t i t i e s shou ld be k e p t n e a r l y c o n s t a n t 
d u r i n g t h e e lec t ro lys is , a n d t h e t e m p , m a i n t a i n e d c o n s t a n t b y cooling t h e b a t h . 
Anodes , c a p a b l e of ox id iz ing t h e c h r o m i u m ox ide t o c h r o m i c ac id d u r i n g t h e 
pas sage of t h e c u r r e n t , m a y b e e m p l o y e d , in o rde r t o m a i n t a i n a c o n s t a n t com­
pos i t ion in t h e b a t h b y c o m p e n s a t i n g for t h e c h r o m i c ac id r e d u c e d a t t h e c a t h o d e , 
or inso luble anodes , such as l e ad or p l a t i n u m , m a y be used t o m a i n t a i n a c o n s t a n t 
compos i t ion , t h e s e being in p a r t freely s u s p e n d e d in t h e b a t h , a n d in p a r t s e p a r a t e d 
from t h e c a t h o d e c h a m b e r b y c o n v e n i e n t d i a p h r a g m s . T h e s u b j e c t was inves t iga t ed 
b y E . L iebre ich , E . Muller , E . Miiller a n d P . E k w a l l , a n d G. G r u b e a n d G. Bre i t inger . 

A . K r u p p p r e p a r e d c h r o m i u m of a h igh degree of p u r i t y b y e lec t ro lyz ing a 
fused c h r o m i u m ha l ide u s ing i m p u r e c h r o m i u m as a n o d e . T h e e l ec t rodepos i t ion 
of c h r o m i u m h a s b e e n i n v e s t i g a t e d b y R . A p p e l , 3 C. L . L o n g a n d co-workers , 
G. N e u e n d o r f ! a n d E . S a u e r w a l d , a n d E . Ande r sen . H . Taf t a n d H . B a r h a m 
s t u d i e d t h e e l ec t rodepos i t i on of c h r o m i u m f rom soln. of i t s sa l t s in l iqu id a m m o n i a . 

H . Moissan , a n d J . E e r e e p r e p a r e d pyropJioric c h r o m i u m b y dis t i l l ing t h e a m a l ­
g a m i n v a c u o a t 300° , b u t if h e a t e d m o r e s t r o n g l y , i t loses i t s p y r o p h o r i c a c t i v i t y . 
H . Ki ize l o b t a i n e d col lo idal c h r o m i u m b y b r ing ing t h e e l e m e n t t o a fine s t a t e of 
subd iv i s ion b y g r ind ing , or by c a t h o d i c d i s i n t eg ra t i on . I t w a s t h e n c o n v e r t e d i n to 
t h e col loidal s t a t e b y r e p e a t e d a l t e r n a t e t r e a t m e n t s for long pe r iods w i t h dil . acid 
soln. a n d di l . a lka l ine or n e u t r a l soln. , u n d e r t h e influence of m o d e r a t e h e a t a n d 
v io l en t a g i t a t i o n . Af te r e a c h t r e a t m e n t t h e m a t e r i a l w a s w a s h e d w i t h dist i l led 
w a t e r or o t h e r s o l v e n t u n t i l c o m p l e t e l y free f rom t h e r e a g e n t e m p l o y e d . T . Svedbe rg 
also p r e p a r e d c h r o m i u m hydroso l b y h i s process of c a t h o d i c d i s in t eg ra t i on ; a n d 
w i t h i s o b u t y l a lcohol as t h e l i qu id m e n s t r u u m , c h r o m i u m ^sobutylalcosol was 
o b t a i n e d . G. B r e d i g d i d n o t o b t a i n m u c h success w i t h s p l u t t e r i n g s f rom a n 
e lect r ic a r c u n d e r wa te r . 
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ib.9 1544451, 1 9 2 5 ; H . Wolff, German Pat., T>.R.P. 4224BI, 1 9 2 3 ; E . W. von Siemens and 
J . G. Halske , ib., 436084, 1925 ; Brit. P(U. No. 25990O, 259924, 1926 ; 286451, 1927 ; French 
Pat. No. 638283, 1927 ; M. W o m m e r , ib., 635699, 635700, 636424, 1927 ; J . H a r d e n and 
H . T. Ti l lquist , Brit. Pat. No. 259761, 1925 ; C. G. F i n k a n d C. H . Eldr idge, Iron Age, 121. 1680, 
1928 ; Brit. Pat. Nn. 260154, 1926 ; R . Appel , ib., 259118, 265833, 274882, 1926 ; 1713514, 1929 ; 
W. S. E a t o n , ib., 284900, 1927 ; F . W . WUrker, ib., 266045, 1925 ; R . Grab , U.S. Pat. No. 1542549, 
1925 ; Brit. Pat. No. 223611, 1923 ; A. J . Coignard, ib., 224065, 1923 ; O. H a h n , ib., 238551, 
1925 ; T. W. S. Hu tch ins , ib., 239977, 1924 ; F . K r u p p , ib., 197887, 1922 ; Na t iona l Electrolyt ic 
Co., ib., 226066, 1924 ; Meta l a n d The rmi t e Corporat ion, U.S. Pat. No. 1496231, 1496232, 
1924 ; H . C. Pierce a n d C. H . Humphr i e s , ib., 1545196, 1925 ; H . C. Pierce, ib., 1645927, 1927 ; 
Brit. Pat. No. 267080, 1926 ; J . Sigrist, P . Winkler a n d M. W a n t z , Helvetica Chim. Acta, 7. 968, 
1924 ; E . R icha rds , Metalltechnik, 51 . 182, 1926 ; F . R. Por te r , Brass World., 23 . 267. 1927 ; 
Metal Ind. Amer., 25. 375, 1927 ; G. M. Enos, Trans. Amer. Electrochern. Soc, 48. 37, 1925 ; 
Metal Ind., 27. 261 , 1925 ; Brass World, 21 . 277, 1925 ; H . E . Har ing and W. P . Barrows, 
Electrodeposition of Chromium from Chromic Acid Baths, Washington, 1927 ; Tech. Paper U.S. 
Bur. Standards, 21. 413, 1927 ; H. E. Haring, Chem. Met. Engg., 32. 692, 1925 ; Brass World, 
21. 395? 1925 ; Metal Ind., 27 . 31O, 1925 ; Amer. Metal Ind., 24. 68, 1926 ; E . A. Ollard, Korrosion 
Metallschutz, 4. 208, 1928; Elektroplat. Deposit. Tech., 5, 1927; Chim. Ind., 21. 321, 1929; 
Brass World,, 22. 119, 1926 ; 23 . 497, 1925 ; Metal Ind., 28. 153, 5 1 , 520. 1926 ; C. 8. Smith , 
ib., 28. 456, 1926 ; E . Krause , ib., 29. 534, 1926 ; A. H . Packer , Automotive Ind., 53 . 831, 1925 ; 
W. M. Phil l ips, Joum. Soc. Automotive Eng., 20 . 255, 1927 ; Brit. Pat. No. 273659, 1926 ; 
W. M. PhilUps a n d P . W . C. Strausser , ib., 254. 757, 1926 ; W. M. Phil l ips a n d M. F . Macaulay, 
Joum. Soc. Automobile Eng., 24. 397, 1929 ; G. Neuendorff, Ueber die Schemlzfiusselektrolyse -vo?t 
Eisen, Chrorn, und Mangan, Breslau, 1927 ; G. Neuendorff and F. Sauerwald, Zeit. Elektroche-m., 
34. 199, 1928 ; A. Siemens, ib., 14. 264, 1928 ; F . Adcock, Joum. Iron Steel Inst., 115. i, 369, 
1927 ; D. H . Killeffer, Journ. Ind. Eng. Chem., 19. 773, 1927 ; H . S. Lukens , Trans. Amer. 
Electrochem. Soc, 53 . 491, 1928; Metal Ind., 32. 567, 1908; Amer. Metal Ind., 26. 354, 
1928 ; P . W. El iwanger , ib., 26. 77, 1 9 2 8 ; J . H . F ryd lende r , Rev. Prod. Chim., 3 1 . 1, 41 , 
1928 ; F . S tud inges . Swiss Pat. No. 120265, 1925 ; T. Murakami , Joum. Japan Soc. Chem. 
Ind., 31. 132, 1928 ; J. G. Roberts, Journ. Glasgow Tech. Coll. Met. Club, 6, 1927 ; J. Hansen, 
Metallborse, 18. 257, 314, 483, 1928 ; E . M. Baker a n d E . E . Pe t t ibone , Amer. Metal Ind., 26. 
520, 1928 ; Trans. Amer. Electrochern. Soc, 54. 331 , 1928 ; E . M. Baker and A. M. Ren te , ib., 
54. 337, 1928 ; W . L,. P i n n e r a n d E . M. Baker , ib., 55. 315, 1929 ; Metal Ind., 34. 585, 611, 1929 ; 
W. L. P inner , Metal Cleaning, 1. 249, 1929 ; G. F . K . McCullough a n d B . W . Gilchrist, Brit. 
Pat. No. 292094, 1927 ; H . ILeiser, MetaUtoaren Ind., 27. 365, 1929 ; Brit. Pat. No. 294484, 1927 ; 
F . L a u t e r b a c h , ib., 296988, 299395, 1927 ; M. Nagano and A. Adachi , Bull. Research Lab. Bureau 
Govt., 19. 23 , 1928 ; J . J . Bloomfield a n d W. B lum, Chem. Met. Engg., 36. 351 , 1929 ; O. J . Size-
love, Amer. Metal Ind., 27. 271 , 1929 ; R . J u s t h , Metallwaren Ind., 27. 249, 1929 ; L . C. P a n , 
Metal Cleaning, 2 . 405 , 1930 ; S. Dreyfus , French Pat. No. 673382, 1928 ; M. L. V. Gayler, 
Metallwirtschaft, 9. 677, 1930 ; W . Obst , Met<illu>aren Ind., 27. 365, 389, 1929 ; P . I^eistritz a n d 
F . Burghauser , German PaL, JD.R.P. 496004, 1927 ; R . J . Piersol, Amer. Mel. I?id., 27 . 564, 1929 ; 
U.S. Pat. No. 1774901, 1 9 3 0 ; A. Champion, ib., 1753350, 1930 ; R. Blesberg, Brit. Pat. No. 
327293, 1929 ; J . Baue r , ib., 310427, 1928 ; 310876, 327911, 1929 ; V. P . I l insky, JST. P . Lapin 
and IJ. N. Gol tz , Zhur. PriHadnoi Khim., 3 . 309, 1 9 3 0 ; M. Ballay, Rev. M4t., 21. 316, 1930 ; 
Chem. Ind., 253 , 1930 ; A. V. Pamfiloff a n d G. F . Filippwicheff, Journ. Russ. Phys. Chem. Soc, 
61 . 22221, 1929 ; H . L . F a r b e r a n d W* Blum, Journ. Research Bur. Standards, 4 . 27, 1930 ; 
l>. B . Keyes a n d S. Swann , Bull. Univ. Illinois Engg., 206, 1930 ; B . F . Lewis, Reo. Amer. 
Electroplateds Soc, 16. 20, 1929 ; G. Fuseya , K . Mura ta , a n d R. Vumoto , Tech. Rep. Tohoku 
Umv., 9. 33 , 1929 ; F . Grove-Pa lmer , Iron Steel Ind. Brit. Foundryman, 2 . 401 , 1929 ; L. E . S tou t 
and J . Carol, Joum. Ind. Eng. Chem., 22. 1324, 193O ; I>. J . M a c N a u g h t a n a n d R, A. F . H a m ­
mond, Trans. Faraday^Soc, 26. 481, 1930; Journ. Electroplaters" Tech. Soc9 5. 151, 1930; 
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J . W. Cuthbertson, ib., 6. 1, 1930; O. Macchia, Ind. Chimica, 5. 150, 56O, 1930 ; Chem. News, 
141. 1, 1930. 

8 H. Moissan, Ann. Chim. Phys.y (3), 21 . 199, 188O ; J. F£r6e, Compt. Mend., 121. 822, 1895 ; 
O. TSTeuendorff and F. Sauerwald, Zeit. Elehtrochem., 34. 199, 1926 ; H. Kiizel, German, Pat., 
IJ.R.P. 197379, 1905 ; Brit. Pat. No. 25864, 1906 ; T. Svedberg, Her., 38. 3616, 1905 ; 30. 1705, 
1906 ; IIerstellung kolloider Losungen anorganischer Stoffe, Dresden, 413, 1909 ; R. Appel, Brit. 
Pat. No. 259118, 1926 ; C. L. Long, I>. J . Macnaughtan, and Gr. E . Gardam, ib., 258724, 1925 ; 
IP. Andersen, Ueber die JDarstellung einiger Schtvermetalle und Legierungen dtirch Elektrolyee in 
Schmelzflttss9 !Darmstadt, 1916 ; G. Bredig, Anorganische Permente, Leipzig, 34, 1901 ; R. Taft 
and H. Barham, Journ. Phys. Chem., 34. 929, 1930. 

§ 4. The Physical Properties of Chromium 
The spec imens of c h r o m i u m p r e p a r e d b y t h e ea r ly i n v e s t i g a t o r s were m o r e o r 

lews i m p u r e , a n d in some cases t h e i m p u r i t y affected t h e phys ica l p rope r t i e s t o a n 
apprec iab le e x t e n t . T h e m e t a l p r e p a r e d b y t h e c a r b o n r e d u c t i o n process is 
c o n t a m i n a t e d w i t h c a r b o n or ca rb ides ; a n d t h a t p r e p a r e d b y a l u m i n i u m r e d u c t i o n 
is c o n t a m i n a t e d w i t h a l u m i n i u m a n d silicon. C h r o m i u m p r e p a r e d b y h e a t i n g 
t h e a m a l g a m t o a b o u t 300° is a b l ack p y r o p h o r i c g r e y powder—v ide supra. 
R. B u n s e n * found t h a t t h e e lec t ro ly t ic a l ly depos i t ed m e t a l t o be s tee l -grey or 
s i lver-white . H . Moser desc r ibed c h r o m i u m as a s tee l -grey m a s s c o m p o s e d of 
four-sided p r i sms ; a n d J . F . Gmel in o b t a i n e d a m e t a l w i t h a du l l -g rey f r ac tu re 
a n d in te rspersed w i t h t i n -wh i t e c rys ta l s . E . Gla tze l o b t a i n e d c h r o m i u m as a 
micro-crys ta l l ine , g rey p o w d e r ; F . W o h l e r o b t a i n e d i t in t h e form of w h a t h e 
called grey r h o m b o h e d r a ; E . J a g e r a n d G. K r u s s , t i n -wh i t e r h o m b o h e d r a ; 
P . A. Bolley, t e t r a g o n a l p y r a m i d s ; E . F r ^ m y , a n d E . Z e t t n o w , in cubic c rys t a l s ; 
a n d W . P r i n z sa id t h a t w h e n p r e p a r e d b y E . W o h l e r ' s process , t h e m i n u t e cubes 
w i th p y r a m i d a l faces furnish h e x a g o n a l a n d o c t a h e d r a l c o n t o u r s w h e n e x a m i n e d 
b y t r a n s m i t t e d l i g h t ; a n d h e a d d e d t h a t t h e supposed r h o m b o h e d r a a r e p r o b a b l y , 
deformed o c t a h e d r a . W . C. P h e b u s a n d E . C. B l a k e found t h a t t h e X - r a d i o g r a m 
agrees w i t h a b o d y - c e n t r e d cubic l a t t i ce , w i th side a ~ 2 * 8 7 5 A. A. W . H u l l g a v e 
for t h e side of t h e e l e m e n t a r y cube of t h e body -cen t r ed cub ic l a t t i ce , 2*895 A. ; 
for t h e d i s t ance be tween t h e n e a r e s t a t o m s , 2-508 A. ; a n d for t h e dens i ty , 7-07 ; 
H . A. P a t t e r s o n , a n d F . Sillers gave a = 2 - 8 7 2 A. ; E . C. Ba in , a = 2 - 8 9 9 A. ; a n d 
W . C. P h e b u s a n d F . C B lake , « = 2 - 8 7 5 A. for t h e b o d y - c e n t r e d cubic l a t t i c e . 
W . P . D a v e y a n d T. A. Wi lson , E . Schmid , K. Bl ix , W . H u m e - K o t h e r y , a n d 
G. F . H i i t t i g a n d F . B r o d k o r b m a d e obse rva t i ons o n t h i s sub jec t . H . L*. Cox a n d 
I . B a c k h u r s t obse rved n o m a r k e d effect on t h e X - r a d i o g r a m s for s t resses below t h e 
e las t ic l imi t . A. J . B r a d l e y a n d E . F . Ol lard said t h a t t h e e lec t ro-depos i ted 
c h r o m i u m m a y e x h i b i t a l lotropy, for i t m a y show t h e h e x a g o n a l s t r u c t u r e as well 
a s t h e b o d y - c e n t r e d cubic s t r u c t u r e . C S. S m i t h obse rved on ly t h e l a t t e r form. 
T h e sub j ec t w a s d iscussed b y F . A d c o c k ; a n d H . Shoji s t u d i e d t h e m e c h a n i s m of 
t h e c h a n g e of t h e space- la t t i ce in pass ing f rom one a l lo t rop ic form t o a n o t h e r . 
A . W . H u l l a d d e d t h a t i ron a n d c h r o m i u m h a v e a s imi lar a r r a n g e m e n t of a t o m s 
in t h e space- la t t ice , a n d t h i s shows t h a t f e r ro -magne t i sm does n o t d e p e n d on a 
p a r t i c u l a r a r r a n g e m e n t of t h e a t o m s . On t h e o t h e r h a n d , A. J . B r a d l e y a n d 
E . F . Ol lard sa id t h a t t h e X - r a d i o g r a r n agrees w i t h t h e a s s u m p t i o n t h a t c h r o m i u m 
is a m i x t u r e of t w o a l lo t ropes . I n t h e p r e d o m i n a t i n g form, t h e a t o m s a re a r r a n g e d 
i n t w o h e x a g o n a l l a t t i ces g iv ing a n a lmos t h e x a g o n a l c lose-packed s t r u c t u r e , t h e 
a x i a l r a t i o a : c b e ing 1-625 i n s t e a d of 1*633, a n d t h e d i s t ance b e t w e e n ne ighbour ing 
a t o m i c cen t r e s 2*714 A. a n d 2*70 A. 

J . B . R i c h t e r g a v e 5-9 for t h e specific gravi ty of c h r o m i u m ; F . Wohle r , 6-81 
a t 25° ; J. E . L,oughlin, 6-2 ; C. F . R a m m e l s b e r g , 6-522 ; B . B u n s e n , 6-7 ; E . Gla tze l , 
6-7179-6-737 a t 16° for t h e c rys ta l l ine p o w d e r ; A. G o t t a , 7 0 3 6 7 t o 7-0747 a t 25° ; 
H . Moissan , 6-92 a t 20° for t h e m e t a l p rev ious ly fused in a n electr ic f u r n a c e ; 
A . B i n e t d u J a s s o n n e i x , 7-1 a t 17° for m e t a l de r ived f rom t h e bor ide ; a n d T . D o r i n g 
7-085 for 98 p e r cen t , c h r o m i u m p r e p a r e d b y t h e a l u m i n a - t h e r m i t e process . 
K . H o n d a g a v e 6-8 for a s a m p l e w i t h ove r 20 per cen t , of i ron . K . Ruf gave 7-014 
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a t 20° for t h e p u r e m e t a l , a n d 7-011 for e lec t ro ly t i c c h r o m i u m . G. F . H i i t t i g a n d 
F . B r o d k o r b found t h a t e l ec t ro ly t i c c h r o m i u m free f rom occ luded gas h a d a sp . gr . 
of 7-138 a t 25°/4°, a n d 7-156 a t — 5 0 7 4 ° ; hence t h e a t o m i c v o l u m e is 7-286 a t 25° 
a n d 7-268 a t —50° . H . S c h r o d e r d iscussed t h e v o l u m e r e l a t i ons of t h e su lpha t e s , 
se lenates , a n d c h r o m a t e s ; E . JDonath a n d J . Mayrhofer , t h e a t . vo l . ; a n d I . T r a u b e , 
t h e a t . soln. vol . E . M. !Baker a n d A. M. R e n t e , a n d I ) . J . M a c n a u g h t a n d iscussed 
t h e p o r o s i t y of e l ec t ro -depos i t ed c h r o m i u m . M. L . H u g g i n s ca l cu l a t ed for t h e 
a t o m i c radius , 1-44 A. : W . F . d e J o n g a n d H . W . V. Wi l lems , 1-40 A. t o 1-42 A. ; 
a n d W . L.. B r a g g , 1-4O A. H . G. G r i m m , V. M. Go ldschmid t , L . P a u l i n g , E . T . W h e r r y ) 
J . C Sla te r , a n d A. M. B e r k e n h e i m d iscussed t h i s subjec t , f rom wh ich i t follows 
t h a t for s ex iva l en t c h r o m i u m a t o m s , t h e effective a t . r a d i u s is 0-52 t o 0-65 A., a n d 
for t y p i c a l a t o m s , 1-17 t o 1*54 A. P . V inassa s t u d i e d t h e mol . n u m b e r 

K . W . S c h w a r t z sa id t h a t t h e b lu i sh -wh i t e m e t a l is exceed ing ly h a r d a n d c a n 
be dr i l led on ly w i t h difficulty. J . B . D u m a s found t h a t t h e c h r o m i u m he p r e p a r e d 
s c r a t c h e d glass of h a r d n e s s 5*6 on Mohs ' scale. H . S t . C. DevilIe sa id t h a t i t s 
hardness is e q u a l t o t h a t of c o r u n d u m ; whi le H . Moissan sa id t h a t i t s c r a t c h e s glass 
on ly w i t h difficulty ; i t c a n be pol i shed r ead i l y a n d t h e n shows a good ref lect ing 
surface. J . H . R y d b e r g g a v e 9 for i t s degree of h a r d n e s s ( d i a m o n d IC)). Acco rd ing 
t o F . Adcock , t h e g r e a t h a r d n e s s of e lec t ro ly t i ca l ly -depos i ted c h r o m i u m , 650 on 
Br ine lFs scale, is a p p a r e n t l y caused b y t h e occ luded h y d r o g e n , t h e c rys ta l l ine 
form, a n d poss ib ly t h e o x y g e n . I t is n o t possessed by t h e m e t a l of a h igh degree 
of p u r i t y m e l t e d or a n n e a l e d a t h igh t e m p , in v a c u o or a n a t m . of h y d r o g e n , t h e 
h a r d n e s s be ing t h e n a s low as 70 on Br ine lFs scale. L . TC. a n d L . F . G r a n t o b t a i n e d 
t he h a r d e s t depos i t s of c h r o m i u m from a soln. of 209 g r m s . of ch romic acid, 23 g r m s . 
of ch romic oxide , a n d 6-4 g r m s . of c h r o m i c s u l p h a t e p e r l i t re us ing a c u r r e n t d e n s i t y 
of 33*3 a m p s , p e r sq. d m . , a t 45°. D . J . M a c n a u g h t a n a n d A. W . H o t h e r s a l l 
gave 5OO t o 9OO for Br ine lFs h a r d n e s s of e lec t ro-depos i ted c h r o m i u m ; a n d 
D . J . M a c n a u g h t a n s t u d i e d t h e po ros i t y of t h e depos i t s . T h e sub jec t was d iscussed 
b y R . J . P ie rso l . W . T re i t s chke a n d G. T a m m a n n found t h a t t h e v i scos i ty of 
c h r o m i u m is v e r y g r e a t w h e n in t h e v i c i n i t y of t h e m . p . T. W . R i c h a r d s found t h e 
compress ibi l i ty of c h r o m i u m , i.e. t h e m e a n c h a n g e of vol . pe r m e g a b a r , b e t w e e n 100 
a n d 60O m e g a b a r s , t o b e 0*7 X 10~° for 99 p e r cen t , 
c h r o m i u m . P . W . B r i d g m a n f o u n d for t h e vol . c o m ­
press ib i l i ty f rom m e a s u r e m e n t s of t h e l inear compress i ­
bil i ty, a t 30°, SvJv0=- 5*187 X 10-*->+2-19 X l O - 1 2 / ? 2 : 
a n d a t 75°, SvJv0 = -5*310 X 10—7p+2- I9 X l O " " ^ . 
These va lue s a r e lower t h a n t h e r e su l t g iven b y 
T. W. R i c h a r d s . W . W i d d e r g a v e for t h e m o d u l u s of 
e las t ic i ty , B=E20(I-0*006536(0—20)} ; M. G r u b e , 
C. J . Smi the l l s a n d S. V . Wi l l i ams , J . La i ssus , W . v a n 
Drunen , a n d F . C. Ke l l ey s t u d i e d t h e diffusion of 
c h r o m i u m w i t h i ron a n d n icke l . 

J . Disch a f o u n d t h e coeff. of t h e r m a l e x p a n s i o n — 
l inea r—to be 0-05731 b e t w e e n —78° a n d 0° ; a n d 
0-0584 b e t w e e n 0° a n d 100° . P . C h e v e n a r d found t h a t t h e e x p a n s i o n c u r v e is 
exac t ly revers ib le b e t w e e n 0° a n d 100° a n d shows n o s ingu la r p o i n t . T h e t r u e 
coeff. of e x p a n s i o n , 0*0000068 a t 0°, increases r a p i d l y w i t h t e m p , a n d shows a 
s l ight c o n c a v i t y t o w a r d s t h e inc reas ing t e m p . , F i g . 2 . G. F . H i i t t i g a n d F . Brod­
ko rb gave 1-2 XlO"" 5 for t h e coeff. of e x p a n s i o n b e t w e e n —50° a n d 25°. 
W. W i d d e r g a v e 0*05824 a t 20° . J . D i sch g a v e for t h e l inea r e x p a n s i o n in m m . 
per m e t r e : 
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E . J a g e r a n d G. Kr i i s s g a v e for t h e specific h e a t 0-12162 b e t w e e n 0° a n d 98*24° ; 
H . Mache , 0-1208 b e t w e e n 0° a n d 100° ; H . Schimpff 0-1044 a t 0° ; R . L a m m e l 



144 I N O K G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

g a v e 0 0 8 9 8 a t —100° ; 0-1039 a t 0° , a n d 0 1 8 7 2 a t 600°. T . W . R i c h a r d s a n d 
F . G. J a c k s o n , 0 0 7 9 4 be tween —188° a n d 20° ; a n d P . Schube l gave for t h e 
t r u e sp . h t . , cp, a n d t h e a t o m i c heat , Cv : 

50° 100° 200° 300° 400° 500° 600° 
C7) . 01080 0-1160 01200 01211 01250 0-1340 015OO 
Op . 0-63 6-05 6-25 6-30 6-50 6-99 781 

S. U m i n o gave : 
100° 300° 50O° 700° 900° 1100° 1300° 1500° 1640° 

Sp. ht. . 0118 0123 0-131 0144 0158 0177 0-200 0-225 O-J.87 

F . Wiis t , A. M e u t h e n a n d R . Dur re r , a n d G. T a m m a n n a n d A. R o h m a n n also 
m a d e obse rva t ions on t h e sp . h t . F . Michand , J . M a y del , a n d E . v a n Aube l d iscussed 
t h e a t . h t . re la t ions ; a n d E . D . E a s t m a n a n d co-workers , t h e t h e r m a l ene rgy of t h e 
e lect rons in c h r o m i u m , a n d c o m p u t e d Cp—6\,=0-037 CaI. per degree per mol . 
P . N o r d m e y e r a n d A. L . Bernoul l i gave 0 1 0 3 9 for t h e sp . h t . a t 0° ; 0-1121 a t 100° ; 
0-1236 a t 300° ; 0-1503 a t 500° ; a n d 0-0860 b e t w e e n —185° a n d 20°. J . D e w a r 
gave 0-0142 b e t w e e n —253° a n d 190° w i t h t h e a t . h t . 4-14. F . S imon a n d M. R u h e -
m a n n gave C 7 ,=1-249 a n d (7„=1-247 a t 71-29° K . ; a n d (7^=1-56 a n d C v = l - 5 6 
a t 79-50° K . R . L a m m e l r ep resen ted h is resu l t s b y c p—0-1039444-0-0 310591# 
—O-O629694#2+O-O954O8803 ; a n d F . W . Adler observed : 

0° 100° 200° 300° 400° 500° . 600° 
cv . G-10394 1*11211 0-11758 O-12360 O-13343 0-15030 0-18710 

Vp - 5-4O 5-83 6-11 6-43 6 94 7-82 9-73 

H . S t . C. Devil le 3 found t h a t c h r o m i u m mel t s a t a h igher t e m p , t h a n is t h e 
case w i t h m a n g a n e s e or p l a t i n u m ; a n d H . Moissan also s t a t e d t h a t t h e m e l t i n g 
point of c h r o m i u m is m u c h h igher t h a n t h a t of p l a t i n u m ; for i t c a n n o t be 
fused b y t h e o x y h y d r o g e n b lowpipe . E . Glatzel , however , fused i t b y t h e oxy-
hyd rogen n a m e . S. O. Cowper-Cowles g a v e 2000° for t h e m . p . ; b u t th i s is too 
h igh . E . A. Lewis found t h a t t h e m e t a l m a d e b y t h e a l u m i n i u m - t h e r m i t e 
process m e l t e d a t 1515° ± 5 ° . G. K . Burgess g a v e for 99 pe r cen t , c h r o m i u m , 
1489° ; E . Tiede a n d E . B i r n b r a u e r , 1420° ; E . N e w b e r y a n d J . N . P r i n g , 
1615° ± 1 5 ° ; W . Tre i t schke a n d G. T a m m a n n , 1513° ; S. Umino , 1600° (95-39 pe r 
cen t . Cr) ; R . S. Wil l iams , a n d G. Voss, 1553° ; K . Lewkonja , 1547° ; J . J o h n s t o n , 
1510° ; G. H ind r i chs , 1550° ; a n d R . Vogel a n d E . Tri l l ing give 1575°. K . H o n d a 
g a v e 1515° for a sample w i t h a b o u t 20 pe r cen t , of i ron. W . Guer t l e r a n d M. Pi r in i , 
W. R . Mot t , a n d G. K. Burgess a n d R . G. W a l t e n b e r g gave for t h e bes t r epre ­
s e n t a t i v e v a l u e 1520° ; b u t L . I . D a n a a n d P . D . F o o t e gave 1615°. A. v o n Vogesack 
sa id t h a t t h e m . p . of c h r o m i u m is over 1700°, a n d t h a t t h e lower va lues a re due t o 
t h e presence of c a r b o n o b t a i n e d f rom t h e c a r b o n m o n o x i d e in t h e a t m o s p h e r e in 
which t h e m e t a l is m e l t e d ; whi ls t w i t h C. J . Smi the l l s a n d S. V. Wil l iams, 1920° 
w a s t h o u g h t t o be a low va lue for t h e m.p. H . Moissan sa id t h a t w h e n c h r o m i u m 
is fused in t h e electr ic a rc- furnace i t fo rms a v e r y fluid, b r i g h t l iquid w i t h t h e 
a p p e a r a n c e a n d fluidity of m e r c u r y ; a n d i t c a n b e cas t in a mou ld . I t can be 
dis t i l led in t h e electr ic a rc- furnace ; a n d H . C. G r e e n w o o d g a v e 2200° for t h e 
boi l ing point of chromium—-W. R . M o t t e s t i m a t e d 3000°. J . J o h n s t o n g a v e for 
t h e vapour pressure log p^=—14900T-1+8-91 ; a n d 

980° 1090° 1230° 1400° 1610° 1800° 3 890° 2200° 
<p . 10—» 10— a lO—1 I 10 50 100 760 

F . Wi i s t a n d co-workers , a n d W . H e r z g a v e 32-00 CaIs. for t h e l a t e n t h e a t of fus ion 
p e r g r a m ; a n d S. U m i n o , 70-05 CaIs. E . K o r d e s gave 0-91 (cals.) for t h e e n t r o p y 
of c h r o m i u m . G. N . Lewis a n d co-workers g a v e 5-8 for t h e a t . entropy of c h r o m i u m 
a t 25° ; W . H e r z , 10-85 ; a n d B . Bruzs , 19-8 a t t h e m . p . E . D . E a s t m a n a n d 
eo -worke r s s t u d i e d t h i s sub jec t ; a n d R . D . K l e e m a n , t h e i n t e rna l a n d free energy 
of c h r o m i u m . 

A . L . B e r n o u l l i 4 g a v e 2-67 for t h e i ndex of refract ion of c h r o m i u m , a n d 1-63 
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for t h e a b s o r p t i o n coeff. for N a - l i g h t . H . v o n W a r t e n b e r g g a v e 2*97 for t h e i ndex 
of re f rac t ion , JUL ; 4*85 for t h e a b s o r p t i o n coeff., Tc ; a n d 69-7 p e r cen t , for t h e 
reflecting power , R. V . F r^ede r i cksz g a v e 

k 

26IfJLfJL 
1-641 
3 - 6 9 

1 - 2 5 9 
2 9 1 

SGJfJLfA 
1-53O 
3 - 2 1 

444/x/z, 
2-363 
4 44 

502/x/x 
2 - 9 2 8 
4 - 5 5 

668/Lt/x. 
3 - 2 8 1 
4 - 3 0 

W . W . Coblen tz a n d R . S ta i r , a n d W . W . Coblen tz g a v e for t h e ref lect ing p o w e r 
0-5/x 

55 
1-O/x 

5 7 
2OfJL 

03 
3-0/x 

7O 
4 0/* 

76 
50/x 9 QfJL 

8 1 9 2 p e r c e n t . 

P . R . Gleason , W . W . Cob len tz a n d R . S ta i r , a n d M. Luck i e sh m a d e o b s e r v a t i o n s 
o n t h e sub jec t . V. F r e e d e r i c k s z g a v e 6O t o 72 p e r cen t , for A^=257JLC/X t o 668/x/x. 
Jp. J . Michel i o b s e r v e d n o difference b e t w e e n t h e reflecting p o w e r of pass ive a n d 
ac t ive c h r o m i u m , a l t h o u g h in t h e case of pass ive a n d a c t i v e i ron , t h e r e su l t s i n d i c a t e d 
t h a t a film w a s f o r m e d . A. L . Bernou l l i found t h a t t h e resu l t s of F . J . Michel i 
were a n o m a l o u s owing t o g a s a b s o r p t i o n , for t h e r e is a m a r k e d difference in t h e 
reflect ing p o w e r s of t h e a c t i v e a n d pass ive forms of c h r o m i u m — t h i s is a t t r i b u t e d 
t o t h e p r e sence of a sur face film on t h e pass ive m e t a l . J . H . G l a d s t o n e found t h e 
refraction equivalent of chromium to be 15-9 ; and the specific refraction, 0-305. 
W . J . P o p e g a v e 22-25 for t h e re f rac t ion eq. of t e r v a l e n t c h r o m i u m . T. B a y l e y , 5 

a n d M. !N. Sajb.a d i scussed t h e colour r e l a t i ons of c h r o m i u m a n d of copper , m a n ­
ganese , i ron , c o b a l t , a n d n icke l ; a n d J . P i c c a r d a n d E . T h o m a s , of c h r o m o u s a n d 
c h r o m i c ions , a n d of c h r o m a t e s a n d d i c h r o m a t e s . W . Bi l t z d iscussed t h e r e l a t i on 
b e t w e e n colour a n d t h e m a g n e t i c proj^erties of t h e e l emen t . 

C h r o m i u m c o m p o u n d s d o n o t give t h e o r d i n a r y flame s p e c t r u m . V. Merz ° 
sa id t h a t w h e n a c h r o m a t e m o i s t e n e d w i t h su lphu r i c ac id is i n t r o d u c e d a t t h e 
edge of t h e colour less g a s f lame, t h e edge of t h e n a m e acqu i res a d a r k r e d d i s h - b r o w n 
colour a n d a rose - red m a n t l e w h i c h c a n be recognized w i t h 0-001 m g r m . of t h e 
c h r o m a t e . Iv. S o m e y a obse rved t h a t t h e colourless soln. o b t a i n e d b y r educ ing 
a v e r y di l . soln . of p o t a s s i u m d i c h r o m a t e shows t h a t c h r o m o u s ions a re colourless, 
a n d t h a t t h i o c y a n a t e p r o d u c e s t h e b lue co lour of cone . soln. owing t o t h e f o r m a t i o n 
of c o m p l e x ions . F . G o t t s c h a l k a n d E . Drechse l found t h a t t h e v a p o u r of c h r o m y l 
chlor ide in t h e oxy-coa l gas f lame shows a b a n d s p e c t r u m in t h e g reen a n d ye l low. 
A. G o u y f o u n d t h a t w h e n c h r o m i u m sa l t s a re fed i n t o t h e b u n s e n f lame, t h e i nne r 
cone shows s o m e s p e c t r a l l ines . J . N . L o c k y e r also found spec t r a l b a n d s w i t h 
c h r o m i u m sa l t s i n t h e oxy-coa l gas f lame, a n d Gr. D . L ive ing a n d J . D e w a r obse rved 

6 000 ~5S00 5000 4500 4 000 

F i a . 3 . S p a r k S p e c t r u i n . of C h r o m i u m . 

n u m e r o u s l i nes i n t h e s p e c i m e n of t h e exp los ion flame of e lec t ro ly t ic gas w i t h 
c h r o m i u m sa l t s . W . N . H a r t l e y o b s e r v e d t h e o x y - h y d r o g e n f lame s p e c t r u m . 
H . W . Vogel , M. A. C a t a l a n , a n d C. de W a t t e v i l l e s t u d i e d t h i s sub jec t . GL K i r c h -
hofE first i n v e s t i g a t e d t h e spark s p e c t r u m , a n d h e w a s followed b y W . A. Miller, 
W. H u g g i n s , R . T h a l e n , C. C. Kiess , A . Mi tscher l ich , Lr. d e B o i s b a u d r a n , Gr. Ciamician, 
J . P a r r y a n d A. E . T u c k e r , Gr. D . L i v e i n g a n d J . D e w a r , J . N . Lockye r , F . McClean, 
E . D e m a r c a y , L . a n d E . B loch , A . d e GTramont, W . E . A d e n e y , H . J . L a n g , O. Lohse , 
P . E x n e r a n d E . H a s c h e k , R . E . L o v i n g , A . H a g e n b a c h a n d H . K o n e n , M. A . Ca ta l an , 
J . H . Po l lock , J . H . Po l l ock a n d A. Gr. GT. L e o n h a r d , F . L . Cooper , J . M. E d e r a n d 
E . Va l en t a , a n d H . S m i t h . T h e s imple s p a r k s p e c t r u m s h o w n b y , say , a soln. of 
chromic ch lo r ide is c h a r a c t e r i s t i c , a n d c a n b e e m p l o y e d in t h e spec t roscopic de t ec t ion 
of c h r o m i u m , F i g . 3 . T h e r e is t h e 5207-l ine in t h e g r e e n ; a n d a g r o u p of t h r ee 
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lines 4290, 4275, a n d 4254 in t h e indigo-b lue , wh ich a r e well defined, whi le t h e r e 
a re feebler l ines 4345 in t h e b lue ; 5253 , 5276, 5297, 5341 , a n d 541O in t h e g reen ; 
a n d 5790 in t h e orange-yel low. E . O. H u l b u r t s t u d i e d t h e s p e c t r u m of t h e con­
densed s p a r k in aq . soln. T h e arc spec trum of c h r o m i u m w a s s t u d i e d b y 
J . N . Lockyer , B . Hasse lberg , F . E x n e r a n d E . H a s c h e k , M. A . C a t a l a n , H . Gieseler, 
L o r d B l y t h w o o d a n d W . A. Scoble, R . F re r i chs , A. S. K i n g , A . B . M c L a y , 
J . Clodius, D . Fos t e r , L,. S t i l t ing , K . B u r n s , S. P . de R u b i e s , J . B u c h h o l z , C. C. Kiess* 
C. C. Kiess a n d W . F . Meggers , a n d J . H a l l . T h e ultra-violet s p e c t r u m w a s 
s tud ied b y W. A. Miller, J . C. M c L e n n a n , A. B . M c L a y , R . A. Mil l ikan a n d 
I . S. Bowen , V. S c h u m a n n , F . E x n e r a n d E . H a s c h e k , L . a n d E . Bloch , 
W. E . Adeney , M. E d l e n a n d M. Er icson , a n d R . R i c h t e r ; t h e u l tra-red s p e c t r u m , 
b y K. W . Meissner, T. Dre isch , a n d H . M. R a n d a l l a n d E . F . B a r k e r . H . F i n g e r 
e x a m i n e d t h e effect of t h e medium on t h e l ines i n t h e s p a r k s p e c t r u m ; F . Croze, 
M. A. Ca t a l an , a n d A. de G r a m o n t , les raies ultimes, a n d les raies de fjrand 
sensibilitd; G - D . L ive ing a n d J . D e w a r , t h e reversed lines i n m e t a l v a p o u r s ; 
J . N . L o c k y e r a n d F . E . B a x a n d a l l , M. K i m u r a a n d G. N a k a m u r a , a n d J . N . L o c k y e r , 
t h e enhanced lines ; A. S. K i n g , a n d H . Geieler, t h e anomalous dispersion ; 
W . J . H u m p h r e y s , t h e effect of pressure ; J . A. A n d e r s o n , a n d H . N a g a o k a 
a n d Y . Sugiura , t h e Stark effect or t h e influence of a n electric field on t h e a rc 
s p e c t r u m ; a n d A. Dufour , H . d u Bois a n d G. J . E l i as , W . Miller, J . E . P u r v i s , 
C. W a l i - M o h a m m a d , O. L i i t t ig , W . C. v a n Geel, E . K r o m e r , a n d W . H a r t m a n n , 
t h e Z e e m a n effect* T h e absorption spec trum of t h e v a p o u r w a s • e x a m i n e d b y 
J . N . L o c k y e r a n d W . C. R o b e r t s - A u s t e n , R . V. Zums te in , H . D . B a b c o c k , A. B. K i n g , 
A. W . S m i t h a n d M. M u s k a t , H . Gieseler a n d W . G r o t r i a n , a n d W . Ger lach ; 
t h e a b s o r p t i o n s p e c t r u m of a q . soln. of v a r i o u s sa l t s (q.v.) w a s e x a m i n e d b y W . d e 
W . A b n e y a n d E . R . F e s t i n g , W . A c k r o y d , T. B a y l e y , H . Becquere l , W . Boh len-
dorfE, H . B remer , D . Brews te r , A. B y k a n d H . Jaffe, T . Carnel ley , S. K a t o , 
H . Croft, T. E r h a r d , A. J&tard, J . F o r m a n e k , J . Gay , J . H . G lads tone , F . H a m b u r g e r , 
A. H a n t z s c h , A. H a n t z s c h a n d R . H . Clark, W . N . H a r t l e y , J . M. H i e b e n d a a l , 
H . C. J o n e s a n d W . W . S t rong , G. J o o s , B . K a b i t z , O. K n o b l a u c h , W . L a p r a i k , 
H . F r o m h c r z , G. D . L ive ing a n d J . D e w a r , G. M agnan in i , G. M a g n a n i n i a n d 
T. Bent ivogl io , F . Melde, W . A. Miller, H . Moissan, J . Muller , E . L . Nichols , 
C. Pulfr ich, A. Recoura , G. B . Rizzo , P . Saba t i e r , C. A. S c h u n c k , H . S e t t e g a s t , 
C. P . S m y t h , J . L,. Sore t , G. J . S t o n e y a n d J . E . R e y n o l d s , H . F . Ta lbo t , H . M. V e r n o n , 
K . Vie ro rd t , E . Vi te rb i a n d G. Krausz , H . W . Vogel , E . W i e d e m a n n , a n d C. Z i m m e r -
m a n n ; a n d t h e a b s o r p t i o n l ines in t h e s p a r k s p e c t r u m u n d e r w a t e r , b y 
E . O. H u l b u r t . J . F o r m a n e k sa id t h a t t h e c h r o m i u m sa l t s d o n o t r e a c t w i th 
a l k a n n a t i n c t u r e . L . de B o i s b a u d r a n e x a m i n e d t h e fluorescence spec trum. 
Accord ing t o T. T a n a k a , c h r o m i u m is t h e p r inc ipa l a g e n t in t h e ca thodo luminescence 
of c o r u n d u m . N o series spec trum h a s been obse rved w i t h c h r o m i u m , b u t t h e 
l ines h a v e been s t u d i e d f rom th i s p o i n t of v iew b y L . J a n i c k i , A. Dufour , P . G. N u t ­
t i ng , H . N . Russel l , S. G o u d s m i t , E . K r o m e r , M. S t eenbeck , H . Des l and re s , 
A. Sommerfe ld , H . E . W h i t e , H . E . W h i t e a n d R . C. Gibbs , M. A. Ca t a l an , R . Mecke , 
H . Gieseler, R . F re r i chs , R . J . L a n g , C. V. R a m o n a n d S. K . D a t t a , G. W e n t z e l , 
Y . M. Woo , C. W a l i - M o h a m m e d , H . P i c k h a n , C. C. a n d H . Kiess , A . d e G r a m o n t , 
O. L a p o r t e , W . F . Meggers a n d co-workers , A . E . R u a r k a n d R . L . C h e n a u l t , 
C. C. Kiess a n d O. L a p o r t e , R . J . L a n g , M. A. Ca t a l an , C. E . H e s t h a l , a n d N . Seljakoff 
a n d A. Krasnikoff . 

B . R o s e n , 7 M. Lev i , a n d G. K e t t m a n n s t u d i e d t h e X - r a y spec trum. T h e K-ser ies 
in t h e X - r a y s p e c t r u m w a s s t u d i e d b y V. Dolejsek, V. Dole jsek a n d K . Pestrecoff, 
B . C. M u k h e r j e e a n d B . B . R a y , M. S t eenbeck , C. G. J . Moseley, W . D u a n e a n d 
co -worke r s , D . Coster , G. W e n t z e l , N . SelijakofE a n d A. Krasnikoff, E . C. U n n e w e h r , 
A . E . L i n d h , H . F r i c k e , S. E r ik s son , T . L . d e B r u i n , W . B o t h e , B . K i e v i t a n d 
G. A . L i n d s a y , F . W i s s h a k , S. Pas to re l lo , J . H . v a n Vleck a n d A. F r a n k , H . B e u t h e , 
H . H . R o b i n s o n a n d C. L . Y o u n g , N . Seljakoff a n d co-workers , ML J . D r u y v e s t e y n , 
R . C. G i b b s a n d H . E . W h i t e , F . H j a l m a r , K . C h a m b e r l a i n , O. Ste l l ing , M. S i e g b a h n 
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a n d co-workers , B . W a l t e r , J . Schror , a n d H . S t ens son . T h e r e a r e t h e l ines 
Ot2Ct7=2-28855 ; Ci1Ci=2-28517 ; c t 3 a 4 = 2 - 2 7 3 3 ; ^ ^ = 2 0 8 1 4 4 ; a n d £ 2 y = 2 - 0 6 9 . 
T h e Lr-series w a s e x a m i n e d b y J . Schror , A. 3>uvaiiiier, C. E . H o w e , F . de Boer , 
F . P . Mulder , G. K e l l s t r o m , F . L . H u n t , a n d R . T h o r o e u s ; t h e M-series, b y 
F . P . Mulde r , a n d B . C. Mukher j ee a n d B . B . R a y ; t h e N-se r ies , b y F P . Mulder ; 
a n d t h e O-series, b y F . P . Mulde r . 

U . A n d r e w e s a n d co-workers 8 s t u d i e d t h e a b s o r p t i o n of X - r a y s . T h e a b s o r p t i o n 
coefficients of X - r a y s f rom c h r o m i u m r a d i a t o r were s t u d i e d b y TJ. A n d r e w e s a n d co­
worke r s , I ) . M. Bose , C. G. B a r k l a a n d C. A. Sadler , a n d T . E . A u r e n . O. W . R i c h a r d ­
son a n d F . S. R o b e r t s o n i n v e s t i g a t e d t h e soft X - r a y s f rom c h r o m i u m . A. C. D a v i e s 
a n d F . H o r t o n g a v e t h e cr i t ica l p o t e n t i a l s for soft X - r a y s . J . C. M c L e n n a n , a n d 
M. A. C a t a l a n g a v e 6-7 vo l t s for t h e i on iza t ion potent ia l , a n d 2-89 vo l t s for t h e 
first r e s o n a n c e potential* H . N . Russe l l gave 6-74 vo l t s for t h e first ion iza t ion 
p o t e n t i a l a n d 16-6 vo l t s for t h e second. B . B . R a y a n d R . C. M a z u m d a r d i scussed 
t h e cr i t ica l p o t e n t i a l ; E . R u p p , t h e deflection of e lec t rons b y films of c h r o m i u m ; a n d 
R . H . Ghosh , a n d B . B . R a y a n d R . C. M a z u m d a r , t h e r e l a t i on b e t w e e n t h e ioniz ing 
p o t e n t i a l a n d t h e e lec t ron ic s t r u c t u r e . E . R a b i n o w i t s c h a n d E . Th i lo s t u d i e d t h e 
sub jec t . J . E . P . Wagstaff g a v e 8-3 X IO 1 2 for t h e v ibrat ion frequency ; a n d W . H e r z , 
8-43 X 10 1 2 . Accord ing t o R . W h i d d i n g t o n , t h e cr i t ica l veloci t ies of c a t h o d e r a y s 
requ i red t o exc i t e EL- a n d Li-radiat ions w i t h t h e c h r o m i u m r a d i a t o r a r e respec t ive ly 
5*0 X IO9 a n d 2-0 X 10 8 c m . pe r sec. E . C. U n n e w e h r s t u d i e d t h e d e p e n d e n c e of t h e 
ene rgy of erhission of t h e K - r a d i a t i o n on t h e app l i ed volt/age. T h e use of c h r o m i u m 
as a r a d i a t o r for X - r a y s w a s d i scussed b y R . W h i d d i n g t o n , a n d C. A. Sad le r a n d 
A. J . S t e v e n . A. W e h n e l t c lassed c h r o m i c ox ide as a n " i nac t i ve ox ide " so far 
as t h e emiss ion of e l ec t rons is conce rned , w h e n i t is fixed on a p l a t i n u m disc a n d 
used a s a c a t h o d e of a d i scha rge t u b e ; b u t A. P o i r o t found t h a t a n o d e rays a r e 
e m i t t e d f rom c h r o m i u m . W . E s p e s t u d i e d t h e sub jec t . E . R u p p d iscussed t h e 
passage of e l ec t rons t h r o u g h th in films of c h r o m i u m . P . Weiss a n d G. F o e x 
ca l cu l a t ed v a l u e s for t h e a t o m i c m o m e n t s ; O. W . R i c h a r d s o n a n d F . S. R o b e r t s o n 
s tud ied t h e photoe lec tr ic effect, a n d U . N a k a y a e x a m i n e d t h e influence of adso rbed 
gas on t h i s p h e n o m e n o n . R . E . N y s w a n d e r a n d B . E . Cohn s t u d i e d t h e t h e r m o -
luminescence of glass a c t i v a t e d w i t h c h r o m i u m . 

P . E . S h a w a n d C. S. J e x 9 sa id t h a t c h r o m i u m acqu i re s n e g a t i v e tr iboelectricity 
w h e n r u b b e d on glass . K . F . Herzfe ld d iscussed t h e meta l l i c c o n d u c t i v i t y of 
c h r o m i u m . I . I . Shukoff g a v e 38-5 X 1 0 m h o s for t h e e lectr ical conduct iv i ty of 
c h r o m i u m a t 0 ° ; a n d A. Schulze g a v e 2-60 X 1 0 ~ 6 for t h e sp . res i s tance a t 0° . 
J . O. M c L e n n a n a n d C D . N i v e n g a v e for t h e sp . r es i s tance , R, of a g e d a n d u n a g e d 
c h r o m i u m : 

29° 27° —152-4° —193° —190° —268-8° —269-99° —270-8° 
p / aged . 17*2 - - 0-90 2 0 1 — — — — 

V imaged . 43*8 27-O — 28 8 26-7 26-6 26-5 
T h e y o b s e r v e d n o i n d i c a t i o n of s u p e r c o n d u c t i v i t y a t low t e m p . P . W . B r i d g m a n 
gave — 5 - 8 x 1 0 - 7 for t h e press , coefl. of t h e res i s t ance ; a n d 0 0 0 0 0 3 3 for t h e t e m p , 
coeff., t h e r e s i s t ance a t 30° be ing 1 6 O x I O 5 . T h e v a l u e s a r e t a k e n t o r e p r e s e n t 
a n i m p u r e m e t a l . J . C. M c L e n n a n a n d co-workers found for t h e r e s i s t ance of aged 
c h r o m i u m , a t different t e m p , a b s o l u t e , t o be : 

292° 273° 80° 20-6° 4-2° 2-25° K. 
ft X l O 8 . . 5*59 — 0-655 0-260 0-258 O-258 o h m s 
Sp . res istance . 17-2 15-25 2*01 0*80 O-70 0-79 

T h e v a l u e s of t h e r a t i o RfR0 a t l i qu id a i r t e m p , is 0-132, a n d a t l iqu id h y d r o g e n 
t e m p . , 0-059. P . K a p i t z a e x a m i n e d t h e effect of a m a g n e t i c field on t h e e lectr ical 
c o n d u c t i v i t y . Z . A . !Epstein c o m p a r e d t h e electr ical conduc t iv i t i e s of t h e e l emen t s 
a n d t h e i r p o s i t i o n i n t h e pe r iod ic t a b l e . K . H o p f g a r t n e r f o u n d t h a t t h e t r a n s p o r t 
n u m b e r s of t h e c h r o m i c ion i n hyd roch lo r i c ac id soln. , a r e 0-318, 0-357, a n d 0-414 
respect ive ly for 1-00, 0-32, a n d 0-075 eq . so ln .— i . e . for zero concen t r a t i on , 0-446. 
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T h e m o b i l i t y of t h e ch romic ion is 46*3 t o 5 3 . I t is a s s u m e d t h a t t h e c h r o m i c ion 
i s s u r r o u n d e d b y a fai r ly la rge w a t e r - s h e a t h . E . N e w b e r y d iscussed t h e over-
v o l t a g e ; S. J . F r e n c h a n d L . K a h l e n b e r g , t h e g a s - m e t a l e lec t rodes o b t a i n e d b y 
c h r o m i u m a n d oxygen , n i t r o g e n , or h y d r o g e n ; a n d N . Koboseff a n d N . I . Nebrassoff, 
t h e c a t h o d i c po la r i za t ion . 

Accord ing t o J . J . Berze l ius , t h e r e a r e t w o al io t rop ic fo rms of c h r o m i u m . T h e 
one , cc-chromium, o b t a i n e d as a g r e y meta l l i c p o w d e r b y r educ ing c h r o m i u m t r i ­
ch lor ide w i t h p o t a s s i u m , inf lames b e t w e e n 200° a n d 300° a n d b u r n s v iv id ly t o 
ch romic oxide , a n d i t dissolves r ead i ly in hyd roch lo r i c ac id w i t h t h e e v o l u t i o n of 
h y d r o g e n ; t h e o the r , /3 -cbxomium, o b t a i n e d b y r e d u c t i o n w i t h c a r b o n a t a h igh 
t e m p . , c a n n o t be oxidized b y h e a t , b y boi l ing w i t h a q u a regia , b y hydrof luor ic ac id , 
or b y ign i t ion w i t h p o t a s s i u m h y d r o x i d e or n i t r a t e . H e a d d e d t h a t c o r r e s p o n d i n g 
modif ica t ions c a n b e t r a c e d t h r o u g h m a n y of t h e c o m p o u n d s of c h r o m i u m ; b u t 
t h i s s t a t e m e n t is n o t now- r e g a r d e d a s co r r ec t because c e r t a i n a l lo t rop ic fo rms of 
t h e sa l t a r e n o w e x p l a i n e d w i t h o u t a s s u m i n g t h a t t h e y a r e d u e t o a l lo t rop ic fo rms 
of t h e e l e m e n t . A s i n d i c a t e d a b o v e , R . B u n s e n a s k e d if t h e e lec t ro lys i s of soln. 
of t h e g reen a n d violet c h r o m i u m sa l t s wou ld g ive c o r r e s p o n d i n g a l l o t rop i c forms 
of t h e e l emen t , b u t t h e answer is in t h e nega t i ve . W . H i t t o r f recognized t h a t 
c h r o m i u m c a n exis t in a n ac t ive a n d in a pass ive s tate . C h r o m i u m is ac t i ve in 
c o n t a c t w i t h hydrof luor ic , hyd roch lo r i c , h y d r o b r o m i c , h y d r i o d i c , ace t ic , oxal ic , 
su lphur i c , a n d hydrofiuosi l icic ac ids , t h a t is, t h e m e t a l dissolves in these ac ids 
w i t h t h e evo lu t ion of h y d r o g e n , if t h e ac ids a re c o n c e n t r a t e d a n d cold, a n d if t h e 
acids a re d i lu te , a p p l i c a t i o n of h e a t m a y b e r equ i r ed . On t h e o t h e r h a n d , c h r o m i u m 
is pass ive in ch lor ine or b r o m i n e w a t e r , in cone , n i t r i c , ch romic , phosphor i c , chlor ic , 
perchlor ic , c i t r ic , formic , or t a r t a r i c acid , for t h e m e t a l does n o t dissolve t he r e in . 
T h e difference in i t s b e h a v i o u r t o w a r d s these acids is a s soc ia ted w i t h a difference 
in t h e e lec t rode p o t e n t i a l of c h r o m i u m for t h e difference in t h e e.in.f. of t h e t w o 
s t a t e s a m o u n t s t o a b o u t 1*6 vo l t s , for w i th ac t i ve c h r o m i u m , t h e e.m.f. of t h e cell 
Cr /acid , H 2 C r 0 4 / P t is a b o u t 1-9 vo l t , a n d w i t h t h e pass ive m e t a l , 0*3 vo l t . I n 
t h e e lec t rochemica l series, a c t i ve c h r o m i u m is close t o zinc, b u t pass ive c h r o m i u m 
s t a n d s nea r p l a t i n u m . Otherwise expressed , pass ive c h r o m i u m b e h a v e s as a noble 
m e t a l , being e l ec t ronega t ive t o w a r d s zinc, c a d m i u m , i ron , nickel , copper , m e r c u r y , 
a n d silver, for i t does n o t decompose even boil ing soln. of t he se sa l t s , excep t ing 
t h a t i t r educes mercur i c a n d cupr ic sa l t s respec t ive ly t o m e r c u r o u s a n d c u p r o u s 
sa l t s . W h e n c h r o m i u m is e m p l o y e d as a n o d e in soln. in which i t is indifferent , i t 
becomes covered w i t h a yel low film of ch romic acid , a n d t h e loss of we igh t of t h e 
a n o d e was found t o co r r e spond w i t h t h e p r o d u c t i o n of s ex iva l en t c h r o m i u m ions ; 
th i s occurs even in soln. of h y d r o g e n chlor ide i n wh ich c h r o m i u m ord ina r i ly dis­
solves w i t h t h e fo rma t ion of c h r o m o u s sal ts . Th i s m a y b e due e i the r t o t h e decom­
posi t ion of t h e w a t e r b y t h e a n i o n a n d s u b s e q u e n t f o r m a t i o n of c h r o m i c ac id from 
the l ibera ted oxygen , or t o t h e f o r m a t i o n of a c o m p o u n d of s ex iva l en t c h r o m i u m 
wi th t h e a n i o n a n d t h e decompos i t i on of t h i s c o m p o u n d b y w a t e r ; n o such com­
p o u n d , however , is a c tua l l y k n o w n to^ exis t . I n soln. of p o t a s s i u m t h i o c y a n a t e or 
of an iodide, t h e c h r o m i u m a n o d e exper iences n o loss. T h e coefE. of t h e ama l ­
g a m a t e d m e t a l M in t h e cell M | KCl , N a N O 3 , A g N O 3 | Ag a t 5° a re : 

M . Zn Cd P t Ke Sn Cu Cr 
Volt . 1-534 0-974 1 1 2 3 0-955 1-010 G-689 O 

W . J . Miiller found t h a t t h e r e a re c e r t a i n c u r r e n t densi t ies wh ich v a r y w i t h t h e 
t ime requ i red t o m a k e t h e m e t a l pass ive . W . M u t h m a n n a n d F . F r a u n b e r g e r 
found t h e e lec t rode p o t e n t i a l b e t w e e n c h r o m i u m a n d iV'-KCl a g a i n s t t h e n o r m a l 
ca lomel e lec t rode zero t o be —0-63 v o l t for t h e m o s t a c t i v e m e t a l , a n d 4-1-19 vo l t 
for t h e m o s t pass ive . F r e s h e lec t ro ly t ic c h r o m i u m w a s found b y B . N e u m a n n t o 
be s t rong ly ac t ive . W . M u t h m a n n a n d F . F r a u n b e r g e r o b s e r v e d v a r i a t i o n s of t h e 
e lec t rode p o t e n t i a l w i th t h e s a m e piece of m e t a l . A piece 25 c m s . long h a d a 
po ten t i a l of —0-03 vo l t a t one end , a n d + 0 * 0 3 a t t h e o t h e r ; a n d w h e n a c t i v a t e d , 
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—0-17 v o l t a n d —0*07 vo l t . W . H a t h e r t obse rved t h a t a piece of c h r o m i u m pol i shed 
in a i r h a d a p o t e n t i a l a g a i n s t 0 - I iV-H 2 SO 4 of + 0 - 2 6 vo l t , a n d af ter ly ing some t i m e 
in air , + 0 - 3 7 v o l t ; a n d w h e n pol ished, in h y d r o g e n , —0-054 v o l t a t first, a n d 
+ 0 - 0 7 1 af ter s t a n d i n g 3 m i n u t e s i n t h e l iqu id . T h u s , po l i shed c h r o m i u m is n o t 
ac t ive in h y d r o g e n . P a s s i v e c h r o m i u m becomes a c t i v e w h e n i t is c h a r g e d elec-
t ro ly t i ca l ly w i t h h y d r o g e n ; b u t molecu la r h y d r o g e n h a s scarce ly a n y ac t i on o n 
t h e p o t e n t i a l of a pass ive c h r o m i u m e lec t rode . A. M. H a s e b r i n k obse rved t h a t 
w h e n c h r o m i u m is t r e a t e d w i t h n i t r i c acid, a n d h e a t e d i n n i t rogen , i t r e m a i n s 
ac t ive a few h o u r s , a n d t h e n becomes pass ive ; if hydroch lo r i c ac id be s u b s t i t u t e d 
for n i t r i c ac id , t h e c h r o m i u m r e m a i n s a c t i v e as long a s i t is k e p t in n i t r ogen . 
C h r o m i u m a c t i v a t e d i n h y d r o g e n r e m a i n s ac t i ve i n t h i s gas . A t o r d i n a r y t e m p . , 
n i t rogen , h y d r o g e n , a n d c a r b o n d iox ide do n o t a c t i v a t e c h r o m i u m , n o r d o t h e y pa s s iva t e 
c h r o m i u m m a d e ac t i ve b y sc r a t ch ing . Occluded gases influence t h e r a t e of ac t i ­
v a t i o n or p a s s i v a t i o n of c h r o m i u m . O x y g e n favours pass iva t ion , h y d r o g e n r e t a r d s 
i t . A t m . o x y g e n r a p i d l y pa s s iva t e s c h r o m i u m ; iodine ac t s a s a n a c t i v a t i n g a g e n t , 
neve r as a p a s s i v a t i n g a g e n t . T h e p o t e n t i a l of c h r o m i u m or nickel r u b b e d wi th 
e m e r y in a n indifferent a t m . , falls a t first, t h e n recovers p a r t i a l l y ; a n d after 
r e p e a t e d r u b b i n g s , a c o n s t a n t p o t e n t i a l is finally r eached w h i c h is lower t h a n t h e 
in i t ia l one . Molecu la r o x y g e n passed t h r o u g h a n e lec t ro ly te , d u r i n g t he electrolysis 
of c h r o m i u m , ra ises i t s p o t e n t i a l ; b u t t h e p o t e n t i a l is scarce ly affected if h y d r o g e n 
or n i t rogen be e m p l o y e d in p lace of oxygen . E l e c t r o l y t i c o x y g e n or h y d r o g e n 
affect t h e p o t e n t i a l e n o r m o u s l y . T h e sub jec t was discussed b y T. M u r a k a m i , a n d 
B . S t r a u s s a n d J . H i n n u b e r . 

As p rev ious ly i nd i ca t ed , c h r o m i u m becomes pass ive w h e n t r e a t e d wi th cer ta in 
oxidiz ing agents—e .g . ch lor ine or b romine -wa te r , soln. of iodine a n d p o t a s s i u m 
iodide , cone, n i t r ic a n d ch romic acids , chlor ic acid, p o t a s s i u m p e r m a n g a n a t e , 
p o t a s s i u m fer r icyanide , ferric chlor ide , a n d oxygen or a i r — N . Isgar ischeir a n d 
A. O b r u t s c h e v a also found t h a t oxidiz ing agen t s—l ike chromic acid , h y d r o g e n 
d iox ide , p o t a s s i u m p e r m a n g a n a t e — a n d exposure t o air or t o e lec t ro ly t ic o x y g e n 
m a k e t h e m e t a l pass ive ; a n d , accord ing t o A. \u. Bernoul l i , t h e ac t ion of a soln. 
of qu in ine in benzene . C h r o m i u m also becomes pass ive w h e n used as a n o d e in a n 
e lec t ro ly t ic cell. J . Alvarez found t h e s t r e n g t h of t h e c u r r e n t necessa ry t o p r o ­
duce t h e pass ive s t a t e — t h e critical strength of current—depends on t h e cone , a n d 
t e m p , of t h e e lec t ro ly te . T h u s , w i t h 2-82V-/0'72V-, a n d 01752V-HCI, t h e cr i t ica l 
vo l tages were 0-35, 0-085, a n d 0*034 vo l t r e spec t ive ly ; a n d w i t h 52V-, 0-6N-, a n d 
0-0752V-H2SO4 , r e spec t ive ly 0-098, 0-046, a n d 0-018 vol t . C. F r e d e n h a g e n app l i ed 
a g r a d u a l l y increas ing or decreas ing e.m.f. t o a c h r o m i u m e lec t rode i m m e r s e d in 
su lphur i c ac id , a n d d e t e r m i n e d t h e e lec t rode p o t e n t i a l a n d t h e s t r e n g t h of t h e 
po la r i za t ion c u r r e n t . T h e e l ec t rode p o t e n t i a l a t t h e p o i n t where a c t i v i t y or 
pas s iv i ty se t s i n is n o t well-defined, a n d t h i s is t a k e n t o s u p p o r t t h e h y p o t h e s i s 
t h a t p a s s i v i t y does n o t d e p e n d on t h e f o r m a t i o n of a n ox ide film or of a n o t h e r 
modif ica t ion of t h e m e t a l , b u t is r a t h e r r e l a t e d t o t h e r a t e a t wh ich t h e m e t a l 
becomes cha rged w i t h oxygen . T h e e lec t rode p o t e n t i a l a t t a i n e d w h e n pass iv i ty 
or a c t i v i t y se ts i n is v e r y sensi t ive t o s l ight c h a n g e s in t h e cone , of t h e ac id ; a n d 
a rise of t e m p , f avours t h e ac t i ve s t a t e . T h e pass ive cond i t i on is sa id t o be a t t a i n e d 
when t h e oxygen po la r i za t ion e x t e n d s un i fo rmly ove r t h e whole surface of t h e 
e lec t rode ; a n d t h e a p p e a r a n c e of t h e ac t i ve s t a t e w h e n t h e po l a r i za t i on e.m.f. is 
lowered is d u e t o t h e fac t t h a t t h e r eac t ions w h i c h use u p o x y g e n beg in t o over­
ba lance t hose wh ich p r o d u c e oxygen . Accord ing t o W . R a t h e r t , t h e p o t e n t i a l 
a t wh ich t h e pass ive m e t a l becomes ac t ive is n o t t h e s a m e a s t h a t a t which t h e 
ac t ive m e t a l becomes pass ive , a n d t h a t t h e a b r u p t c h a n g e obse rved b y F. F l a d e 
does n o t r e p r e s e n t a b o u n d a r y p o t e n t i a l be low w h i c h t h e m e t a l is ac t ive a n d a b o v e 
which i t i s pass ive . T h e m e t a l m a y b e ac t i ve or pass ive o n b o t h s ides of t h i s p o i n t 
depend ing on i t s p r ev ious t r e a t m e n t . TJ. Sborg i a n d G. C a p p o n found t h a t 
c h r o m i u m in a n e t h y l a lcohol soln . of ca lc ium n i t r a t e a n d a m m o n i u m n i t r a t e is 
pass ive w i t h low-cu r ren t dens i t ies , a n d w i t h h i g h - c u r r e n t dens i t ies c h r o m i u m sa l t s 
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are f o r m e d . E . B e c k e r a n d H . H i l b e r g f o u n d t h a t t h e m a x i m u m d i s t a n c e for 
e s t a b l i s h i n g c o n t a c t w i t h a m e t a l s u r f a c e i s s l i g h t l y g r e a t e r f or p a s s i v e t h a n for 
a c t i v e c h r o m i u m . 

A c c o r d i n g t o W . Hi t tor f , a n d A . M e y e r , a n d a s i n d i c a t e d a b o v e , p a s s i v e 
c h r o m i u m is a c t i v a t e d b y s o l n . of h y d r o f l u o r i c a c i d a n d of a n u m b e r of o t h e r a c i d s 
—e .g . h y d r o c h l o r i c , h y d r o b r o m i c , h y d r i o d i c , s u l p h u r i c , a n d o x a l i c a c i d s — b y t h e 
h a l o g e n s , a n d b y ra i s ing t h e t e m p . T h e m o r e d i l . t h e a c i d , t h e h i g h e r t h e t e m p , 
n e c e s s a r y for a c t i v a t i o n ; h y d r o g e n i s e v o l v e d , a n d c h r o m o u s s a l t s a r e f o r m e d . 
S o l n . of t h e ch lor ides of t h e a l k a l i n e a n d a l k a l i n e e a r t h s a c t a t a h i g h e r t e m p . ; 
so ln . of p o t a s s i u m b r o m i d e , c u p r i c c h l o r i d e or p a l l a d i u m d i c h l o r i d e d o n o t a c t a t 
100° . T h e m o l t e n f luorides , c h l o r i d e s , b r o m i d e s , a n d i o d i d e s a r e g o o d a c t i v a t i n g 
a g e n t s , a n d A . L . B e r n o u l l i o b s e r v e d t h a t c h r o m i u m i s a c t i v a t e d w h e n h e a t e d 
w i t h b e n z e n e , t o l u e n e , n a p h t h a l e n e , a n d a n t h r a c e n e ; a n d , a c c o r d i n g t o 
N . Isgar ischef f a n d A . O b r u t s c h e v a , w h e n t h e s u r f a c e i s m e c h a n i c a l l y p u r i f i e d . 
T h e m e t a l i s a c t i v a t e d b y u s i n g i t a s c a t h o d e w i t h i n d i f f e r e n t a c i d s l i k e f o r m i c , 
c i tr ic , or p h o s p h o r i c , i.e. b y e l e c t r o l y t i c r e d u c t i o n . T h e c u r r e n t r e q u i r e d i s g r e a t e r 
t h e m o r e di l . t h e s o l n . , a n d t h e l o w e r t h e t e m p . A c c o r d i n g t o G. C. S c h m i d t , 
p a s s i v e c h r o m i u m b e c o m e s a c t i v e b y d i s t u r b i n g t h e s u r f a c e , b y s c r a t c h i n g , k n o c k i n g , 
a n d s o o n , b u t in n i tr ic a c i d i t r e m a i n s p e r m a n e n t l y p a s s i v e . A c t i v a t e d c h r o m i u m 
p l a c e d in dil . h y d r o c h l o r i c or s u l p h u r i c a c i d r e m a i n s p e r m a n e n t l y a c t i v e . O n 
r e m o v a l f rom t h e a c i d , h o w e v e r , i t b e c o m e s p a s s i v e a g a i n a f t e r a s h o r t t i m e , e v e n 
a l t h o u g h o x y g e n i s r i g o r o u s l y k e p t a w a y . C h r o m i u m h e a t e d i n a v a c u u m or i n 
n i t r o g e n i s a c t i v e . I n h y d r o c h l o r i c a c i d a t 1 0 0 ° i t i s a l s o a c t i v e , a n d a t t h i s t e m p , 
ch lor ine , b r o m i n e , a n d i o d i n e a t t a c k c h r o m i u m a n d a c t i v a t e i t , s o l e l y b e c a u s e t h e 
surface i s d i s t u r b e d . H . E g g e r t o b s e r v e d t h a t c h r o m i u m r e m a i n s a c t i v e i n d r y 
h y d r o g e n , or n i t r o g e n , b u t b e c o m e s p a s s i v e if o x y g e n b e p r e s e n t or if i t b e e x p o s e d 
t o air. W . R a t h e r t f o u n d t h a t p a s s i v e c h r o m i u m b e c o m e s a c t i v e w h e n i t h a s 
a b s o r b e d h y d r o g e n i o n s b y d i f fus ion , a n d i t t h e n d i s s o l v e s e l e c t r o l y t i c a l l y i n a c c o r d 
w i t h F a r a d a y ' s l a w . U . S b o r g i a n d A . B o r g i a o b s e r v e d t h a t a m a g n e t i c field h a d 
n o in f luence . 

A c t i v e c h r o m i u m i s ind i f f erent t o w a r d s w a t e r , b u t i n s t r o n g a c i d s i t d i s s o l v e s 
f o r m i n g c h r o m o u s s a l t s , a n d i n w e a k a c i d s i t d i s s o l v e s w h e n i t i s t h e c a t h o d e i n 
a n e l e c t r o l y t i c cel l , p r o d u c i n g c h r o m o u s s a l t s : m Cr+2HCl=CrCl2+H2. The 
dissolution of a chromium anode to form bivalent chromium ions is then in accord 
with Faraday's law so that IAg=^Cr. The highest numerical value for the 
electrode potential observed by W. Muthmann and F. Fraunberger is —0*63 volt 
with JV-KCl ; B. Neumann observed —0-535 volt with chromic sulphate ; —0-518 
volt with chromic chloride ; and —0-516 volt with chromic acetate ; and W. Rathert 
obtained with A^Cr2(SO4)S, —0-395 volt, and with 0-IiVT-H2SO4, —0-491 volt. 
The potential of the active metal towards normal soln. of Cr*"-ions is —0-6 volt. 
N. Bouman gave —0-546 volt for chromium in 2V-H2SO4. This potential is indepen­
dent of the metal on which the chromium is deposited, and also of the method of 
activation. It is also independent of the ratio of Cr**- to Cr*"-ions in soln. It is 
curious that, with increasing hydrogen-ion concentration, the potential becomes 
more positive in sulphuric acid, but more negative in hydrochloric acid soln. 
Chromium remains active only when the acidity is above a certain limit, about 
0-0012V. A. H. W. Aten gave —0-75 volt, or, when referred to the hydrogen 
electrode, —0-47 volt. This active potential is attained only when sufficient 
hydrogen is present ; hydrogen hastens the attainment of the electrode equilibrium. 
Active chromium can be anodically polarized in a soln. of potassium chloride without 
becoming passive. If the metal immersed in a soln. of chromous sulphate is 
anodically polarized with a sufficiently strong current, the chromium becomes 
passive, but when the current is interrupted, the potential of the metal is found to 
be more negative than before polarization. The passivation during anodic polari­
zation and activation after this treatment are shown by chromium which has been 
deposited on copper, silver, or gold. The degree of activation after anodic polariza-
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tion increases wi th the strength of the polarizing current. The resistance offered 
ay the metal t o the act ion of the polarizing current is greater w h e n the strength 
of the current is gradually increased than -when the current strength is increased 
rapidly. The resisting power of the metal is smaller when the chromium has been 
previously subjected t o cathodic polarization. Act ive chromium reduces fused 
cadmium chloride, bromide, or iodide, and the chlorides of copper, silver, and 
lead ; as well as hot soln. of copper, gold, palladium, and plat inum, and it thereby 
becomes passive. Pass ive chromium, as indicated above, differs from act ive 
chromium in t h a t i t is covered wi th a surface film of some kind, and i t t h e n 
behaves l ike a noble metal , for i t does not dissolve in nitric, chloric, or perchloric 
acid ; i t is indifferent towards neutral soln. of the salts of copper, silver, cad­
mium, mercury, and nickel—vide supra ; and it does no t reduce soln. of the 
chlorides of gold, pal ladium, or plat inum. I t then appears to be a nobler metal 
than copper, silver, or mercury. The presence or absence of a film was dis­
cussed b y W. J . Miiller, and J. Hinniiber. W. Muthmann and F . Fraunberger 
observed t h a t the electrode potent ial in iV-KCl m a y be as great as + 1 - 1 9 vol t . 
N . B o u m a n found t h a t in the passive state, the potential of chromium in potas­
s ium chloride soln. depends on the previous treatment which it has received, 
and this is shown t o be equal ly true of other metals , including plat inum. Con­
sequently, no conclusions can be drawn from such measurements relative to the 
state of the metal . The potential of passive chromium varies wi th the metal 
on which it is deposited. W h e n chromium is polarized anodically, the potential 
varies in the same w a y wi th the ac idi ty as the potential of the unattackable 
electrode. The polarization tension is therefore governed by the reaction Cr"* 
+ 3 H 2 0 = C r 0 3 + 6 H ' + 3 ( + ) . W h e n passive chromium dissolves at the anode it 
forms chromic acid, and the dissolution is in accord with Faraday's law provided 
I A g = J C r . Otherwise expressed, passive chromium dissolves as sexivalent 
chromium ions. R. Luther said t h a t the anode potential is +O-6 vol t and energy 
is required for the reaction symbol ized : C r + 4 H 2 O - ^ H 2 C r O 4 + 3 H 2 O , or C r + 4 H 2 O 
+ 6 ( + )—^CrO4* "+8H*. The act ive and passive states are mutual ly convertible one 
into the other by a suitable change in the conditions. Thus, W. Rathert found 
that -with act ive chromium dipping in ^-Cr2(SO4J3 , the electrode potential at the 
beginning was —0-395 volt , and in 2, 23, and 73 min. was respectively —0-359, 
—0-209, and —0-129 v o l t ; and E . Grave found t h a t passive chromium in 0- l iV-KOH 
had an electrode potential of + 1 - 8 9 5 vo l t at the beginning, after 20 sec. + 1 - 1 7 6 
volt , and after 1, 5, and 12 min. respectively + 1 - 0 8 4 , + 0 - 9 8 1 , and + 0 - 9 2 5 volt . 
A. Li. Bernoulli found that passive chromium is act ivated b y aromatic hydrocarbons 
—benzene, toluene, jo-xylene, naphthalene, and anthracene—and the changes in 
the e.m.f. are greater the more readily the hydrocarbon is oxidized. Act ive 
chromium becomes passive when treated wi th a boiling soln. of jp-benzoquinone in 
benzene ; and also b y exposure to air. According to A. H. W. Aten , if chromium 
has been rendered passive b y anodic polarization, in a soln. of potass ium chloride, 
the act ive condition m a y be restored b y heating the soln. This change occurs 
even when the polarizing current is continued during the heating of the soln. and 
on cooling, the chromium remains in the act ive condition, provided the current 
is not too strong. XJ. Sborgi and G. Cappon found t h a t in an alcoholic soln. of 
calcium or a m m o n i u m nitrate, chromium shows pass iv i ty phenomena similar to 
those which occur in aq. soln. 

W. Hittorf concluded that the passivi ty of chromium is not due t o the for­
mation of an oxide film, but rather to the metal assuming a different electrical 
state ; the metal in the passive state is in a strained or coerced condit ion— 
Zwangzustand—so t h a t instead of dissolving as a b ivalent e lement i t dissolves as a 
sexivalent e lement. The film hypothesis , discussed in connect ion wi th the passivity 
of iron, best fits the facts. C. W. Bennet t and W. S. Burnham stated t h a t the film 
is best regarded as a film of oxide which is rendered stable b y adsorption into the 
metal. The oxide is usual ly unstable , but becomes stable when adsorbed by the 
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m e t a l . T h e oxide is n o t h igher t h a n CrO 3 , a n d is p r o b a b l y Cr(CrO 4 ) , or C r O 2 , 
b u t in t h e fu r ther ox ida t ion a t t h e a n o d e , t h e h igher ox ide C r O 3 is fo rmed , a n d t h e 
c h r o m i u m passes in to soln. in t h e sex iva len t s t a t e . A. L . Be rnou l l i g a v e C r 5 O 9 , 
or 2Cr2O3-CrO8 , for t h e compos i t ion of t h e film. T h e s u b j e c t h a s b e e n d i scussed 
b y A. Adler , F . F lade , C. F r e d e n h a g e n , E . G r a v e , W . J . Miiller a n d co -worke r s , 
W . R a t h e r t , O. Sackur , H . Kuessne r , E . N e w b e r y , G. C. S c h m i d t , etc.-—vide 
i ron. N . B o u m a n favoured t h e a l lo t ropic t h e o r y . A c c o r d i n g t o N . Isgarischeff 
a n d A. Obru t scheva , c h r o m i u m shows n o defini te t r a n s i t i o n p o i n t a t w h i c h i t 
passes in to t h e a c t i v e s t a t e ; t h e m e t a l c a n b e c o m e a c t i v e a t a n y t e m p . ; t h e 
ac t i va t i on d e p e n d s on t h e p rope r t i e s of t h e m e d i u m . Th i s a n d t h e m o d e of 
fo rmat ion of j>assive c h r o m i u m show t h a t t h e p a s s i v i t y of c h r o m i u m is con­
nec ted wi th t h e fo rma t ion of a p r o t e c t i n g ox ide film o n t h e sur face . T h e p r o ­
t ec t i ng film is a t r a n s p a r e n t , colloidal s u b s t a n c e , t h e d e n s i t y a n d p e r m a n e n c e , 
a n d consequen t ly t h e pass iva t ing ac t ion , of w h i c h d e p e n d on t h e n a t u r e of t h e 
m e d i u m , pa r t i cu la r ly on t h e presence of t hose ions , such as ch lor ide- a n d b r o m i d e -
ions, which br ing a b o u t colloidal t r ans i t i ons . Chlor ide- ions h a v e t h e g r e a t e s t 
d i s tu rb ing effect on t h e film, a n d m a k e i t p e r m e a b l e t o m o s t r e a g e n t s . P a r t i c l e s 
of pass ive c h r o m i u m become ac t ive w h e n b r o u g h t i n t o c o n t a c t w i t h a c t i v e c h r o m i u m 
zinc, or magnes ium. Since these me ta l s are4, all m o r e e l ec t ro -nega t ive t h a n p a s s i v e 
c h r o m i u m , th i s ac t ion is due to t h e fo rmat ion of a ga lvan i c e l e m e n t w h i c h l i b e r a t e s 

h y d r o g e n a n d c o n s e q u e n t l y r e d u c e s t h e ox ide film. 
T h e oxide film is also t h e cause of t h e a n o m a l i e s 
of c h r o m i u m . E . L ieb re i ch a n d W . W i e d e r h o l t 
p l o t t e d t h e c u r r e n t d e n s i t y a g a i n s t t h e p o t e n t i a l 
of e lec t ro ly t ic c h r o m i u m in 1-02-ZV-K2SO4. A t 
h igh c u r r e n t densi t ies , t h e c h r o m i u m dissolves a s 
chrorna te , a t lower c u r r e n t dens i t i e s a n d p o t e n ­
t ia ls , F ig . 4, t h e m e t a l a cqu i r e s a film of t h e 
ch romic ch ro rna te a n d dissolves on ly s l igh t ly a t 
a p o t e n t i a l of a b o u t 0-5 vo l t , a n d a sma l l c u r r e n t 
dens i ty , t h e p o t e n t i a l g ives a s l ight r ise w i t h fal l ing 
c u r r e n t d e n s i t y a n d t r u e pas s iv i ty , owing t o t h e 
insolubi l i ty of a film of h y d r o x i d e , s e t s in . T h e 
pass iv i ty pers is t s when t h e m e t a l is m a d e a 
c a t h o d e a t smal l c u r r e n t dens i t i es . T h e c u r v e for 
a p o t e n t i a l of 0-4 vo l t r ises s t eep ly as t h e m e t a l 

dissolves t o form c h r o m o u s sal ts which a re pa r t i a l ly ox id ized n e a r t h e e lec t rode 
fo rming s econda ry h y d r o g e n : 2 C r S 0 4 + H 2 S 0 4 = C r 2 ( S 0 4 ) 3 4 - H 2 . A t h igher 
c u r r e n t dens i t ies , and a t a b o u t - 0-5 vol t , t h e m e t a l dissolves fo rming h y d r o g e n 
d i rec t ly . G. G r u b e a n d co-workers found t h a t w i t h a n ac t ive c h r o m i u m e lec t rode 
( p r e p a r e d b y c a t h o d i c po la r iza t ion) wi th 002-0-2iV r -sulphuric a n d hyd roch lo r i c 
ac id soln. , t h e a n o d e p o t e n t i a l is found t o increase s u d d e n l y w h e n t h e a n o d e 
c u r r e n t d e n s i t y reaches a ce r t a in va lue . This cr i t ical va lue increases w i t h t h e 
cone , of t h e acid a n d wi th increas ing t e m p . D u r i n g t h e first s t age , t h e 
c h r o m i u m ions pas s i n t o soln. en t i re ly in t h e b i v a l e n t cond i t ion , a n d , d u r i n g t h e 
s econd s t age , en t i r e ly in t h e s ex iva l en t cond i t ion . A t t h e o r d i n a r y t e m p . , 
iV-NaCl b e h a v e s s imilar ly , b u t a t h ighe r t e m p , t h e c u r r e n t d e n s i t y - p o t e n t i a l 
c u r v e s a r e of s o m e w h a t different form. H . K u e s s n e r sugges ted t h a t i t is poss ible 
for c h r o m i u m ions of v a r y i n g va l ency t o b e fo rmed s i m u l t a n e o u s l y in soln. 
G. G r u b e a n d co-workers hold t h a t c h r o m i u m goes p r i m a r i l y i n t o soln. as 
b i v a l e n t ions a t lower c u r r e n t dens i t ies , a n d t h a t t he se a re i m m e d i a t e l y oxid ized 
t o t h e t e r v a l e n t cond i t ion , whi l s t a t h ighe r c u r r e n t dens i t ies s e x i v a l e n t ions a r e 
f o r m e d . T h e a n o d e p o t e n t i a l in N-, 4N-, SN-, a n d 162V-potassium h y d r o x i d e soln. 
h a s a lso been s t u d i e d a t different t e m p . ; for low c u r r e n t dens i t ies , t h e c u r v e is 
d i s c o n t i n u o u s as in ac id soln. , a n d a s imi lar e x p l a n a t i o n is a d o p t e d . I n t h e a lka l ine 
soln. , t h e a n o d e becomes c o a t e d w i t h a fine g r e y powder , which a p p a r e n t l y cons is t s 
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of a lower ox ide of c h r o m i u m . T h e facts s u p p o r t t h e ox ide film t h e o r y of pass iv i ty . 
F . Kr i ige r a n d E . N a h r i n g f o u n d t h e X - r a d i o g r a m s of a c t i v e a n d pass ive m e t a l 
s u p p o r t t h e oxide-fi lm t h e o r y . T h e sub jec t w a s d iscussed b y TJ. R . E v a n s . 
A. M. H a s e b r i n k ' s chemica l e x p e r i m e n t s f avour t h e ox ide film t h e o r y , b u t n o t t h e 
h y d r o g e n t h e o r y , o r t h e sur face- tens ion t h e o r y of W . Hi t to r f , a n d G. C. S c h m i d t . 
Xi. McCul loch f o u n d cases of p a s s i v i t y w i t h spar ing ly-so lub le s u l p h a t e films. 

A . S. Russe l l s u p p o s e d t h a t w h e n in t h e ac t ive s t a t e , t h e a t o m s of c h r o m i u m 
h a v e t w o e lec t rons in t h e f o u r t h q u a n t u m orb i t , a n d t h a t w h e n t h e m e t a l becomes 
pass ive one of t he se e l ec t rons is r e m o v e d t o t h e t h i r d q u a n t u m orb i t . T h e s u b j e c t 
w a s s t u d i e d b y E . Miiller, E . Xdebreich, H . E g g e r t , a n d N . IsgarischefE a n d A. O b m t -
scheva . W . J . Miiller a n d E . N o a c k found t h a t wi th t h e r m i t e c h r o m i u m in 2V-H2SO4 , 
so long a s t h e c u r r e n t d e n s i t y falls be low a ce r t a in cr i t ica l va lue , ic, wh ich va r i ed 
f rom s a m p l e t o s a m p l e acco rd ing t o t r e a t m e n t , t h e m e t a l r e m a i n e d ac t ive , a n d 
d issolved w i t h t h e evo lu t i on of h y d r o g e n . O n exceed ing t h i s cr i t ica l va lue , a fall 
of d e n s i t y i m m e d i a t e l y se t in, d u r i n g wh ich t h e log of t h e d e n s i t y v a r i e d inversely 
as t h e t i m e since t h e c o m m e n c e m e n t of t h e fall, a n d af ter sufficient t i m e comple t e 
p a s s i v i t y r e su l t ed . X*og ic w a s inverse ly p r o p o r t i o n a l t o t h e t e m p , b e t w e e n 0° 
a n d 35° . T h e a c t i v i t y of t h e c h r o m i u m w a s cha rac t e r i zed b y a p o t e n t i a l of —0-34 
vo l t , a n d p a s s i v i t y b y zero p o t e n t i a l , so t h a t d u r i n g t h e t i m e of fall ing dens i ty , t h e 
m e t a l r e m a i n e d ac t i ve . I n W . J . Miil ler 's t h e o r y of t h e pass iv i ty of i ron, t h e m e t a l 
dissolves in t h e ac id , b u t owing t o t h e h igh m o b i l i t y of t h e h y d r o g e n ions, t h e 
a n o d i c soln . becomes i m p o v e r i s h e d in t he se ; hence bas ic fer rous sa l t is fo rmed 
a n d depos i t s on t h e e lec t rode w h e n t h e soln. becomes s a t u r a t e d , t h u s increas ing 
t h e r e s i s t ance a n d dec reas ing t h e c u r r e n t , caus ing c o m p l e t e pa s s iv i t y on ly when 
t h e cover ing is c o m p l e t e . W i t h c h r o m i u m , t h e c h r o m o u s sa l t first fo rmed by 
d i sso lu t ion of t h e m e t a l in t h e ac id r a p i d l y oxidizes t o c h r o m i c sa l t ( hydrogen 
be ing evo lved) , w h i c h h y d r o l y z e s m u c h m o r e r a p i d l y t h a n t h e i ron sa l t s ; w i th 
h igh c u r r e n t dens i t i es {e.g. 1400 mi l l i amp . pe r sq . cm. ) , t h e t i m e r equ i r ed for pass iv i ty 
is on ly 0-3 sec. W i t h pe r fec t ly c lean m e t a l t h e fall of c u r r e n t dens i ty is often 
s u s p e n d e d for a t i m e a n d t h e n occurs s u d d e n l y ; t h i s is exp la ined b y t h e super-
s a t u r a t i o n of t h e soln. w i t h r e g a r d t o h y d r o x i d e , wh ich wou ld be possible only in 
t h e absence of i m p u r i t i e s . 

Acco rd ing t o J. L . H . M o r g a n a n d W. A. Duff,10 w h e n t w o e l ec t rodes—one of 
c h r o m i u m a n d one of p l a t i n u m — a r e i m m e r s e d in di l . su lphu r i c acid, t h e c u r r e n t 
passes freely w h e n p l a t i n u m is m a d e t h e a n o d e , b u t if c h r o m i u m is m a d e t h e a n o d e 
n o c u r r e n t passes t h r o u g h t h e cell. If t h e app l i ed e.m.f. be g r a d u a l l y increased 
w h e n c h r o m i u m is t h e a n o d e , n o c u r r e n t passes u n t i l a b o u t 75 vo l t s a re a t t a i n e d ; 
if t h e increase is m a d e so r a p i d t h a t t h e c u r r e n t passes f rom c h r o m i u m t o p l a t i n u m , 
or if t h e cell is b r o k e n d o w n b y t h e a p p l i c a t i o n of m o r e t h a n 75 vo l t s , i t is a n a s y m ­
m e t r i c a l r e s i s t ance w h e n p l a t i n u m is t h e a n o d e , whi l s t if c h r o m i u m is t h e a n o d e t h e 
c u r r e n t passes freely ; aga in , if t o o h igh a n e.m.f. b e app l i ed t o t h e p l a t i n u m a n o d e , 
a n o t h e r r eve r sa l occurs , a n d a b o u t 75 vo l t s c a n aga in be s t o p p e d us ing c h r o m i u m 
as a n o d e . T h e c h r o m i u m cell c a n also b e u s e d for t h e rect i f icat ion of a l ternat ing 
currents . T h e p h e n o m e n o n is a t t r i b u t e d t o t h e f o r m a t i o n of a r e s i s t a n t film as in 
t h e case of t h e a l u m i n i u m cell . W . Grunther-Schulze s t u d i e d t h e a t t r a c t i o n of 
e l ec t rons for t h e C r 0 4 - i o n s . H . N a g a o k a a n d T. F u t a g a m a s t u d i e d t h e sp lu t t e r i ng 
of c h r o m i u m b y t h e d i s r u p t i v e d i scha rge in a m a g n e t i c field. 

W . O s t w a l d f o u n d t h a t w h e n ac t i ve c h r o m i u m a c t s on ac ids , t h e r e is a periodicity 
in t h e r a t e of e v o l u t i o n of h y d r o g e n . A piece of pass ive c h r o m i u m rende red ac t ive 
b y c o n t a c t w i t h c a d m i u m u n d e r acid , w a s dissolved in 22V-HC1. T h e c u r v e showing 
t h e r a t e of a c t i o n is i r r egu la r for a b o u t 15 m i n u t e s , w h e n i t b e c o m e s per iodic , t h e 
ve loc i ty r a p i d l y inc reas ing t o a m a x i m u m a n d t h e n fall ing m o r e slowly t o a 
m i n i m u m . T h e d u r a t i o n of e ach pe r iod increases d u r i n g t h e p rogress of t h e reac t ion . 
Different fo rms of c u r v e were o b t a i n e d f rom different pieces of c h r o m i u m ; a n d 
two pieces p laced in t h e s a m e ac id were found t o g ive a doub l e s u m m a t i o n cu rve 
showing t h a t t h e pe r iod i c i t y lies in t h e m e t a l a n d n o t in t h e acid . A n increase in 
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the concentration of the acid causes an increase in the frequency of the periodic 
phenomena ; the frequency is doubled by a rise of about 10° ; 'the frequency is 
increased by the addition of oxidizing agents—e.g. nitric acid, nitrogen oxide, and 

chloric and bromic acids—and it is de­
creased by small amounts of formalde­
hyde or potassium cyanide. Dextrin 
and other carbohydrates help to bring 
about regular periodicity. No periodic 
phenomena were observed with the dis­
solution of iron, zinc, or manganese. The 
metal contained silicon, iron, sulphur, 
and carbon ; but which of these is the 
active agent was not determined—puri­
fied chromium did not exhibit the phe­
nomenon . 

Fia. f».—Periodic* K v o l u t i o n of (3as in t h e 
XtisMoIut-ion of C h r o m i u m in A c i d s . 

N u g a t o r y a t t e m p t s t o r e n d e r t h o m e t a l 
a c t i v e b y t h e a d d i t i o n of c n p r i c c h l o r i d e , 
s o d i u m s u l p h i t e , a l c o h o l , f e r r o u s c h l o r i d e , 
f e r r i c c h l o r i d e , c o l l o i d a l p l a t i n u m , c h r o m i c 
a c i d , p o t a s s i u m n i t r i t e ; p r o l o n g e d c o n t a c t 

w i t h m e t a l l i c p l a t i n u m ; v a r i a t i o n of t e m p , b e t w e e n U° a n d 5 0 ° ; p r e v i o u s t r e a t m e n t of 
t h e m e t a l w i t h c h r o m i c a c i d o r p o t a s s i u m p e r m a n g a n a t e ; f u s i o n w i t h p o t a s s i u m n i t r a t e ; 
h e a t i n g o n c h a r c o a l w i t h s o d i u m p h o s p h a t e t o g i v e t h e m e t a l a p h o s p h o r u s c o n t e n t ; 
m e l t i n g in t h e e l e c t r i c o v e n i n a n a t m . of c o a l - g a s ; u s i n g t h e m e t a l a s a n o d e h a v e a l l 
b e e n m a d e . 

E. Brauer observed that the active chromium dissolving not only exhibits 
changes in its rate of evolution of hydrogen, but it also shows changes in its electric 
potential for the current produced by a cell of active chromium and platinum 
immersed in acid also varies periodically. The two sets of curves were analogous, 
but in some cases there is a variation in the electric properties when the evolution 
of hydrogen is apparently constant. The frequency increases with increasing cone, 
of acid, and is no longer apparent when the cone, of the acid is great enough. In 
one case, no periodicity was observed at 6°, periodicity was marked at 20°, and 
very pronounced at 31°. A piece of inactive chromium became active when 
rubbed with a piece of cadmium ; and a slight activity was induced by the addition 
of arsenic or arsenic sulphides to the acid. E. Brauer attributes the periodicity 
to variations in the e.m.f. associated with the different oxidation stages of chromium. 
E. S. Hedges and J. E. Myers found that the addition of litharge would make 
chromium show the periodic phenomenon ; they also showed that the periodic 
phenomenon is not due to the supersaturation of soln. or metal with gas ; but is 
rather connected with the chemical change itself. The periodicity was shown to 
depend on the presence of a suitable catalytic agent and to be independent 
of the dissolving metal. The phenomenon was studied by B. Strauss and 
J Hmnuber. W. Ogawa studied the action of chromium salts on galena as a 
radio-detector. 

According to M. Faraday,n chromium is non-magnetic ; this was not the con­
clusion of W F . Barrett, but F. Wohler, E. Glatzel, and H. Moissan found that the 
purified metal is non-magnetic. S. Curie studied the magnetization of iron with 2-5 
to 3-4 per cent, of chromium ; and K. Honda, of chromium with 20 per cent, of iron. 
M. Owen gave for the magnetic susceptibility of chromium 3-16x10-6 mass 
v*1}*} K Ihde, 26X10-« vol. unit ; and K. Honda, 3-7x10 « m a S s unit at 18°, 
™ 4fxl° 6 mass units at 1100°. J. Weiss and H. K. Onnes found that at 
—25-9 , the magnetic properties of chromium are very feeble. E. Wiedemann 
found that the atomic magnetism of chromium in various salt soln. approximates 
42 when that of iron m ferric chloride is 100. This result is independent of the 
nature of the anion associated with the chromium. W. Lepke found that with a 
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field strength of H kgrms. , the magnet ic susceptibilities Xl0~~6 mass unit of 
massive and powdered chromium, are : 

H 
M A S S . 
P o w d . 

1 0 
4 1 
4 - 3 

3 - 3 
3 - 6 
5 -4 

7-O 
3 - 5 
4 - 2 

1 O O 
3-5 
4 1 

1 6 0 
3 -5 
4 0 

1 8 0 
3 -5 
3 -9 

Jy 
2? O 

P. Weiss and P . Collet calculated 63-3 X 10~"6 for the atomic permeabil ity. 
J. Safranek found the magnet ic susceptibi l i ty of chromium to be independent of 
the magnet ic field between 2000 and 14,000 gauss and of 
the t emp, between 100° and 600° and to have a value of 
4-31X 1 0 ~ 6 . The reciprocal of the susceptibi l i ty of the 
alloys p lot ted against t e m p , gives a straight line becoming 
concave towards the t e m p , axis a t higher t emp. The 
various magnet ic constants are linear functions of the com­
posit ion. P . S. Epste in found tha t the magnet ic suscep­
tibil i ty of b ivalent chromium is 7-9 X10~~4 per unit mass ; 
and of tervalent chromium, 5-0 X 1 O - 4 . Observations on 
the magnet ic properties of chromium were also made b y 
p:. Wedekind, D . M. Bose, A. Dauvill ier, R. H . Weber, and 
E . Eeyt is . P . Kapitza's observations on the effect of strong 
magnet ic fields on the conduct iv i ty are summarized in Fig . 6. L. Rosenfeld 
discussed the relation between the magnet ic suscept ibi l i ty and t h e refractive 
index ; and E . C. Stoner, the magnet ic moment . P . Weiss , and _ . A. WeIo 
studied the magnet i sm of chromium salts . 
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F i o . 6 .—Tlio Effect of 
M a g n e t i c F i e l d s on 
t h e E l e c t r i c a l Con­
d u c t i v i t y . 
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§ 5. The Chemical Properties of Chromium 
H . Moissan l s tud ied t h e chemica l affinity of c h r o m i u m a n d t h e i ron fami ly of 

e lements . F . F ischer a n d F . S c h r o t t e r obse rved no r eac t ion w h e n c h r o m i u m is 
spa rked benea th l iquid argon* H . R . C a r v e t h a n d B . E . C u r r y found t h a t e lec t ro-
deposi ted c h r o m i u m can occlude a b o u t 250 t imes i t s vol. of h y d r o g e n ; in one exper i ­
m e n t 24-fj c.c. of t h e gas were ob ta ined from 0-698 c.c. of m e t a l . E . M a r t i n m e a s u r e d 
t h e occlusion of h y d r o g e n b y c h r o m i u m . Accord ing t o G. F . H i i t t i g a n d F . W . Brod -
ko rh , e lec t rolyt ic c h r o m i u m depos i ted a t —50° m a y c o n t a i n 0*45 per cen t , of h y d r o ­
gen, in supc*,rsaturated solid soln. A t t h e o r d i n a r y t e m p . , t h e h y d r o g e n press , of t h i s 
c h r o m i u m is less t h a n 1-0 m m . , b u t a t 58° a s u d d e n evo lu t ion of h y d r o g e n t a k e s p lace , 
a l t h o u g h a t e m p , of 350° is requ i red in order t o r e m o v e t h e whole of t h e gas . N o re­
produc ib le re la t ions be tween t e m p . , press . , a n d h y d r o g e n cone , cou ld be es tab l i shed . 
T. Weichselfelder a n d B . Thiede o b t a i n e d c h r o m i u m trihydride, C r H 3 , as a b l ack 
p rec ip i t a t e , b y t h e ac t ion of h y d r o g e n on an e the rea l soln. of p h e n y l m a g n e s i u m b r o ­
mide , C 6 H 5 MgBr , in which t h e d r y m e t a l chloride is suspended . T h e sp . gr. is 6*77. 
W . Bi l tz discussed the mol . vol . According t o H . Grubcr , a shee t of e lec t ro ly t ica l ly-
depos i ted c h r o m i u m will slowly evolve occluded h y d r o g e n if p laced in boi l ing 
wa te r , a n d if held in a Bunsen flame it will a p p e a r t o t a k e fire a n d b u r n on t h e 
surface wi th a pale blue non- luminous flame, a l t hough t h e me ta l r e m a i n s sufficiently 
cool t o avoid being oxidized. A. Siever ts a n d A. G o t t a s tud i ed th i s sub jec t . T h e 
h e a t of fo rmat ion of c h r o m i u m h y d r i d e is 3800 cals. per mol . of h y d r o g e n ; a n d t h e 
sp . gr. is 6-7663 to 6-7708. 

A. IJ . Bernoulli said t h a t c h r o m i u m absorbs oxygen from air a n d so acqu i res 
t h e surface him of oxide . The behav iour of c h r o m i u m in air d e p e n d s on i t s 
s t a t e of subdivis ion ; t he re is py rophor i c c h r o m i u m ; t h e spec imen o b t a i n e d b y 
Li. N . Vauque l in slowly oxidized when h e a t e d in air ; t h a t ob t a ined b y A. B i n e t 
du J a s s o n n e i x glowed like t i nde r in o x y g e n a t 300° ; t h a t o b t a i n e d b y F . W o h l e r 
when h e a t e d in air became yellow, t h e n blue, a n d finally acqu i red a c rus t of green 
ch romic oxide ; a n d t h a t ob t a ined b y H . Moissan was u n a l t e r e d b y exposure t o 
d r y air, b u t in mois t air t h e well-polished surface acqu i red a s l ight t a rn i sh , owing 
t o t h e fo rmat ion of a superficial film which does n o t p e n e t r a t e deeper i n to t h e 
m e t a l . This sub jec t was discussed b y N . B . Pi l l ing a n d R . E . B e d w o r t h . 
H . P . Walms ley e x a m i n e d t h e n a t u r e of t h e sesquioxide ob t a ined as smoke from 
t h e c h r o m i u m arc . Unlike m o l y b d e n u m , c h r o m i u m was found b y C. Ma t ignon 
a n d G. Desp l an t e s n o t t o b e oxidized w h e n t h e f inely-divided m e t a l is s h a k e n u p 
with aq . a m m o n i a in air . W h e n h e a t e d b y t h e t i p of t h e o x y h y d r o g e n blow­
pipe flame, c h r o m i u m b u r n s y ie ld ing br i l l iant spa rks ; a n d w h e n h e a t e d t o 2000° 
in oxygen , i t b u r n s w i t h t h e p r o d u c t i o n of n u m e r o u s spa rks , m o r e br i l l i an t t h a n 
those of i ron. N . B . P i l l ing a n d R . E . B e d w o r t h s t u d i e d t h e r a t e of ox ida t ion 
of c h r o m i u m . F . W o h l e r obse rved t h a t c h r o m i u m gives spa rks a n d b u r n s t o 
ch romic oxide w h e n h e a t e d b y t h e flame of a sp i r i t - l amp fed w i t h oxygen . 
H . W. U n d e r w o o d descr ibed t h e use of c h r o m i u m as a n ox ida t ion ca t a ly s t . 
H . V. R e g n a u l t , a n d F . W o h l e r found t h a t i t decomposes when h e a t e d t o b r i g h t 
redness in t h e v a p o u r of w a t e r , fo rming hydrogen , a n d chromic oxide ; a n d 
J . J . Berzei ius found t h a t t h e m e t a l is n o t oxid ized b y boiling wa t e r . T h e ac t ion 
of hydrogen dioxide was found b y L . J . T h ^ n a r d t o be a t first feeble b u t l a t e r 
m o r e v igorous . P a r t of t h e o x y g e n is g iven off free, a n d p a r t combines w i t h t h e 
m e t a l . W . Guer t l e r a n d T. Xdepus obse rved n o reac t ion b y 48 h r s . ' exposure t o 
sea-water , a e r a t e d sea -wa te r , o r a e r a t e d r a in -wa te r . W. G. Mix te r observed t h a t 
n o pe rchro rna te is fo rmed b y t h e ac t ion of s o d i u m dioxide on c h r o m i u m . 
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Accord ing t o F . Woh le r , c h r o m i u m glows w h e n h e a t e d in ch lor ine , fo rming viole t 
ch romic ch lor ide ; a n d H . Moissan sa id t h a t t h e r e a c t i o n occurs a t 600°. T h e 
r ed -ho t m e t a l is a lso a t t a c k e d b y b r o m i n e v a p o u r — v i d e infra, c h r o m i c b r o m i d e ; 
a n d w i t h i od ine v a p o u r . W . H i t t o r f obse rved t h a t ch lor ine a n d b r o m i n e m a k e 
c h r o m i u m pass ive , whi le R . H a n s l i a n found t h a t t h e p resence of c h r o m i u m does n o t 
affect t h e f .p . or b . p . of iod ine . G. T a m m a n n s t u d i e d t h e ac t i on of iod ine v a p o u r on 
c h r o m i u m . W . Gue r t l e r a n d T . L i e p u s o b s e r v e d n o r eac t ion w i t h 48 h r s . ' e x p o s u r e 
t o sa t . ch lo r ine -wa te r . C P o u l e n c found t h a t hydrogen fluoride c o n v e r t s t h e red-
h o t m e t a l i n t o c h r o m o u s f luoride ; a n d C. E . Ufer obse rved t h a t w i t h h y d r o g e n 
Chloride, c h r o m o u s ch lo r ide is f o rmed . J . J . Berze l ius found t h a t . the m e t a l d issolves 
in hydrofluoric ac id , p a r t i c u l a r l y w h e n w a r m , a n d h y d r o g e n is g iven off. F . Wohle r , 
K. J a g e r a n d G. Kr i i s s , J . J . Berze l ius , H . S t . C. Devi l le , e t c . , n o t e d t h a t t h e m e t a l 
dissolves in hydrochlor ic ac id w i t h t h e evo lu t i on of h y d r o g e n a n d t h e fo rma t ion of 
c h r o m o u s ch lor ide . W . Guer t l e r a n d T. L i e p u s obse rved no r eac t ion in less t h a n 8 Iirs. 
w i th 10 a n d 36 p e r cen t , hyd roch lo r i c acid— vide supra, t h e pass ive s t a t e . H . Moissan 
said t h a t hyd roch lo r i c ac id a t t a c k s t h e m e t a l s lowly in t h e cold, a n d r a p i d l y w h e n 
h e a t e d , whi le t h e dil . ac id h a s n o a c t i o n a t o r d i n a r y t e m p . , b u t on boil ing, t h e 
a t t a c k is v igorous . W . R o h n f o u n d t h a t 10 p e r cen t , hyd roch lo r i c ac id dissolves 
77-4 g r m s . p e r sq . d m . p e r hr . d u r i n g 24 h r s . in t h e cold a n d 150 gr ins , p e r sq. d m . 
per hi*, w h e n h o t ; a n d D . F . M c F a r l a n d a n d O. E . H a r d e r , t h a t t h e n o r m a l ac id 
dissolves 16,976-4 m g r m s . pe r week p e r sq . in . W . H i t t o r f obse rved t h a t c h r o m i u m 
dissolves in hydrof luor ic a n d hyd roch lo r i c ac ids as well a s in hydrobromic ac id and 
hydriodic ac id , f o rming c h r o m o u s sa l t s a n d h y d r o g e n . T . D o r i n g sa id t h a t t h e less 
p u r e t h e c h r o m i u m p r e p a r e d b y t h e a l u m i n o - t h e r m i t e process , t h e m o r e qu i ck ly is i t 
d issolved b y t h e ha l ide ac id . T h e c h r o m o u s ch lor ide fo rmed b y t h e soln. of c h r o m i u m 
in h y d r o c h l o r i c ac id is c o n v e r t e d , b y a s e c o n d a r y reac t ion , i n t o ch romic chlor ide, 
t h e c h a n g e be ing c o m p l e t e if t h e r e a c t i o n is ca r r i ed o u t a t t h e o r d i n a r y t e m p . , 
b u t less t h a n c o m p l e t e if a t 100°. Th i s c h a n g e is a sc r ibed t o a c a t a l y t i c ac t ion of 
silica. If a i r is exc luded , c h r o m o u s ch lor ide is s t a b l e in n e u t r a l soln. , b u t in h y d r o ­
chloric ac id so ln . i t h a s a t e n d e n c y t o fo rm c h r o m i c ch lor ide ; t h e r eac t ion , which 
is a c c o m p a n i e d b y e v o l u t i o n of h y d r o g e n , is e x t r e m e l y slow, b u t is m a r k e d l y 
acce le ra t ed b y a d d i t i o n of p l a t i n u m b lack , f inely-divided gold, or silica. T h e for­
m a t i o n of c h r o m i c ch lor ide f rom c h r o m o u s chlor ide in ac id soln. t a k e s p lace accord­
ing t o t h e e q u a t i o n : 2CrCl 2 +2HC1^^2CrCl 3 + H 2 , a n d is a revers ib le r eac t ion . 
W . H i t t o r f f o u n d t h a t c h r o m i u m becomes pass ive in chloric acid, a n d in perchloric 
acid. 

H . Moissan obse rved t h a t c h r o m i u m filings b e c o m e i n c a n d e s c e n t if h e a t e d t o 
700° in su lphur v a p o u r , a n d c h r o m i u m su lph ide is fo rmed ; a n d w h e n h e a t e d t o 
1200° in a c u r r e n t of h y d r o g e n su lphide , c ry s t a l s of c h r o m i u m su lph ide a r e formed. 
W . Guer t l e r a n d T. L i e p u s o b s e r v e d n o r e a c t i o n w i t h 48 h r s . ' exposu re t o 10 a n d 
50 p e r c e n t . soln . of s o d i u m sulphide w i t h or w i t h o u t t h e a d d i t i o n of a lkal i - lye . 
N . D o m a n i c k y f o u n d t h a t c h r o m i u m is n o t r ead i ly a t t a c k e d b y a n e the rea l soln. 
of su lphur m o n o c h l o r i d e ; a n d E . H . H a r v e y , t h a t i t is n o t a t t a c k e d in a y e a r a t 
r oom t e m p . J . F e r e e sa id t h a t p y r o p h o r i c c h r o m i u m un i t e s w i t h su lphur dioxide 
wi th incandescence . H . V. R e g n a u l t , E . M. Pel igot , H . Moissan, W . Hi t tor f , 
F . Wohle r , a n d E . J a g e r a n d Gr. Kr i i s s n o t e d t h a t c h r o m i u m is b u t s lowly a t t a c k e d 
by dil . su lphur ic ac id i n t h e cold, t h e ac t ion is slow even w h e n ho t , h y d r o g e n is g iven 
off, a n d , if t h e a c t i o n t a k e s p lace o u t of c o n t a c t wi th air , b lue c ry s t a l s of c h r o m o u s 
s u l p h a t e c a n b e o b t a i n e d f rom t h e soln. !Boiling, cone , su lphu r i c ac id w i t h c h r o m i u m 
gives off s u l p h u r d iox ide . W . G u e r t l e r a n d T. L i e p u s obse rved n o ac t i on in 48 h r s . 
wi th IO p e r cen t . H 2 S O 4 a n d w i t h 20 p e r cen t . H 2 S O 4 s a t . w i t h s o d i u m s u l p h a t e . 
W. R o h n f o u n d t h a t 10 p e r cen t , s u l p h u r i c ac id dissolves 0-01 g r m . p e r sq. d m . per 
24 h r s . i n t h e cold, a n d 4 5 g r m s . p e r sq . d m . p e r h r . w h e n h o t ; a n d D . F . M c F a r l a n d 
a n d O. E . H a r d e r , t h a t t h e n o r m a l ac id dissolves l-OO m g r m . p e r sq . in . pe r week. 
J- Voisin, a n d A. B u r g e r s t u d i e d t h e ac t i on of su lphu r i c ac id o n t h e m e t a l ; 
**• W a l p e r t o b s e r v e d t h a t t h e r a t e of d i s so lu t ion a n d t h e e l ec t rode p o t e n t i a l of 
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c h r o m i u m in 4 ,ZV-H 2 SO 4 -unl ike t h e case w i t h i ron (q.v.)—is ra i sed b y t h e a d d i t i o n 
of smal l p ropo r t i ons of p o t a s s i u m or s o d i u m chlor ide , b r o m i d e , a n d iod ide , a n d 
t h e per iod of i nduc t ion is sho r t ened . T h e a d d i t i o n of l a rge r p r o p o r t i o n s of t h e s e 
sa l t s m a y a c t in t h e reverse w a y . Ge la t in r educes t h e r a t e of d i s so lu t ion of 
c h r o m i u m in t h e acid ; a d d i t i o n s of ace t i c ac id a c t s imi la r ly . E . B e u t e l a n d 
A. Kutze ln igg s tud ied t h e films p r o d u c e d b y a bo i l ing soln. of s o d i u m t h i o s u l p h a t e 
a n d lead ace t a t e . M. G. Lev i a n d co-workers f o u n d t h a t a soln. of p o t a s s i u m 
persulpliate r ap id ly dissolves c h r o m i u m as c h r o m i c ac id , a n d a l i t t l e gas is evo lved ; 
t h e process of d issolut ion is slow w i t h a soln. of a m m o n i u m persulphate* 

A. B ine t d u J a s s o n n e i x , I . Zschukoff, a n d J . E e r e e f o u n d w h e n p y r o p h o r i c 
c h r o m i u m un i t e s w i t h n i trogen, a b ronze-co loured n i t r i d e is fo rmed . E . A d c o c k 
found t h a t mo l t en c h r o m i u m r a p i d l y a b s o r b s n i t r o g e n u p t o t h e e x t e n t of 3*9 p e r 
cent . , a n d Gc. Valensi , a n d R . Bl ix a lso o b t a i n e d ev idence of t h e f o r m a t i o n of a 
n i t r ide w h e n n i t rogen is a b s o r b e d b y c h r o m i u m a t a n e l e v a t e d t e m p . E . M a r t i n 
s tud ied t h e occlusion of n i t rogen a n d t h e f o r m a t i o n of n i t r i d e s b y c h r o m i u m ; 
G. T a m m a n n sugges ted complexes a r e fo rmed u n d e r t h e s e cond i t i ons r a t h e r t h a n 
o r d i n a r y compounds—e .g . Cr 4 (N 2 ) , a n d C r 2 ( N 2 ) . O. G. H e n d e r s o n a n d J . C. Ga l l e ty 
observed t h a t a t 850° a m m o n i a r e a c t s w i t h c h r o m i u m fo rming t h e n i t r i d e . 
W . Guer t l e r a n d T. L iepus obse rved t h a t n o r e a c t i o n w i t h 10, 50 , a n d 70 p e r cen t , 
a m m o n i a soln. occurs in 48 h r s . ; a n d D . E . M c F a r l a n d a n d O. E . H a r d e r , t h a t a 
n o r m a l soln. dissolves 1-60 m g r m s . p e r sq . in . p e r week . E , W . B e r g s t r o m found 
t h a t potassamide in l iquid a m m o n i a soln . a c t s v e r y s lowly or n o t a t all o n c h r o m i u m . 
J . Eeree , a n d E . E m i c h sa id t h a t a t o r d i n a r y t e m p , p y r o p h o r i c c h r o m i u m u n i t e s 
wi th nitric oxide w i t h incandescence fo rming a m i x t u r e of c h r o m i u m ox ide a n d 
n i t r ide . E . M tiller a n d H . 33arck o b s e r v e d t h a t n i t r i c oxide h a s n o ac t i on on 
c h r o m i u m a t 600°. A. L . Bernou l l i sa id t h a t n i t r i c ox ide is a b s o r b e d b y c h r o m i u m , 
a n d w h e n t h e m e t a l is t r e a t e d w i th nitric ac id , a n d t h o r o u g h l y washed , i t l i be ra t e s 
a m e a s u r a b l e a m o u n t of n i t r i c ox ide w h e n a l lowed t o r e m a i n i n w a t e r for severa l 
h r s .—ac t ive c h r o m i u m does n o t y ie ld t h e gas u n d e r s imilar cond i t ions . W . H o h n 
found t h a t 10 p e r cen t , n i t r i c ac id dissolves 0-013 g r m . p e r sq . d m . p e r 24 h r s . i n 
t h e cold, a n d none in a n h o u r w h e n h o t ; W . Guer t l e r a n d T. L i e p u s o b s e r v e d n o 
ac t i on in 48 h r s . w i t h 10 a n d 50 p e r cen t , n i t r i c acid , or w i t h a q u a regia ; a n d 
D . E . M c E a r l a n d a n d O. E . H a r d e r found t h a t n o r m a l n i t r i c ac id dissolves 
0-35 m g r m . per sq. in . p e r week. W . H i t t o r f sa id t h a t n i t r i c ac id m a k e s c h r o m i u m 
pass ive . E . Wohle r , E . J a g e r a n d G. K r u s s , H . S t . C. Devi l le , a n d C. C. P a l i t a n d 
N . R . D h a r sa id t h a t di l . or cone , n i t r i c ac id does n o t a c t on c h r o m i u m . H . Moissan 
sa id t h a t c h r o i n i u m is v e r y slowly a t t a c k e d b y dil . n i t r i c ac id ; a n d t h a t fuming 
n i t r i c ac id , a s well a s a q u a regia , h a v e n o ac t ion on t h e m e t a l . E . E r e m y , a n d 
J . J . Berzel ius also n o t e d t h e res i s tance t h e m e t a l offers t o a t t a c k b y a q u a reg ia . 
A . G r a n g e r obse rved t h a t c h r o m i u m is a t t a c k e d b y phosphorus a t 900°. W . H i t t o r f 
f o u n d t h a t phosphoric ac id m a k e s c h r o m i u m pass ive . W . R o h n found t h a t 10 p e r 
cen t , p h o s p h o r i c ac id dissolves n o c h r o m i u m in 24 h r s . w h e n cold, or in a n h o u r 
w h e n h o t . H e also found t h a t IO p e r cen t , acet ic acid dissolves 0*13 g r m . p e r sq . 
d m . p e r 24 h r s . i n t h e cold, a n d 0-03 g r m . p e r sq. d m . p e r h r . w h e n h o t . 

Accord ing t o H . Moissan, c h r o m i u m r e a c t s w i t h carbon w h e n s t rong ly h e a t e d , 
fo rming a ca rb ide ; t h e c h r o m i u m also unde rgoes a process of c o n c e n t r a t i o n a s 
i n t h e case of i ron . T h e r e a c t i o n b e t w e e n c a r b o n a n d c h r o m i u m w a s s t u d i e d b y 
Kl. N i schk , R . K r a i c z e k a n d F . Saue rwa ld , a n d E . T iede a n d E . B i r n b r a u e r . 
G. C h a r p y sa id t h a t carbon m o n o x i d e r e a c t s w i t h c h r o m i u m a t 1000°, fo rming 
a m i x t u r e of c a r b o n a n d c h r o m i c ox ide . H . Moissan a lso f o u n d t h a t a t 1200° 
a m i x t u r e of c a r b o n m o n o x i d e a n d carbon dioxide a t t a c k s c h r o m i u m super ­
ficially, a n d t h e m e t a l a c q u i r e s a c r u s t of c h r o m i c ox ide m i x e d w i t h c a r b o n . 
H e n c e , t h e imposs ib i l i ty of o b t a i n i n g c h r o m i u m free f rom c a r b o n in a n o r d i n a r y 
me ta l lu rg i ca l fu rnace , even w h e n u s ing crucib les ox qu i ck l ime . C h r o m i u m is 
ox id ized w h e n h e a t e d i n c a r b o n m o n o x i d e . S. Medsfor th s t u d i e d t h e p r o m o t o r 
a c t i o n of c h r o m i u m on n icke l a s c a t a l y s t i n t h e h y d r o g e n a t i o n of c a r b o n m o n o x i d e or 
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dioxide . W . G u e r t l e r a n d T . Liiepus obse rved n o a c t i o n a f te r 4 weeks ' exposu re 
t o -water s a t . w i t h c a r b o n d iox ide . W . H i t t o r f sa id t h a t c i tric ac id m a k e s c h r o m i u m 
pass ive ; a n d a s imi lar r e s u l t w a s o b t a i n e d w i t h formic , ace t i c , and tartaric ac ids . 
S. H a k o m o r i s t u d i e d t h e ac t i on of c h r o m i u m on a m m o n i a in t h e p re sence of 
t a r t a r i c a c id a n d g lycero l . J . H . M a t h e w s obse rved t h a t a soln. of tr ichloract ic 
ac id in n i t r o b e n z e n e does n o t a t t a c k c h r o m i u m . W . Gruertler a n d T. L i e p u s 
obse rved n o r eac t ion w i t h c i t r ic a n d t a r t a r i c ac ids d u r i n g 24 h r s . ' e x p o s u r e . 
D . F . M c F a r l a n d a n d O. E . H a r d e r obse rved t h a t f a t t y ac ids d issolved 1-23 m g r m s . 
p e r sq . in . pe r week ; a n d C B . Ga t e s , t h a t c h r o m i u m is n o t a t t a c k e d b y o le ic 
ac id a t r o o m t e m p . J . Gr. T h o m p s o n a n d co-workers s t u d i e d t h e a c t i o n of so ln . 
of urea, and of ammonium carbonate on the metal. H. S. Taylor and 
G. !B. K i s t i a k o w s k y d i scussed c h r o m i c ox ide as a m e t h a n o l c a t a l y s t ; a n d 
O. S c h m i d t as a h y d r o g e n a t i o n c a t a l y s t . H . Moissan i o u n d t h a t w h e n h e a t e d in 
an e lect r ic fu rnace c h r o m i u m r e a d i l y u n i t e s wi th s i l i con , f o rming a silioide ; a n d 
wi th boron, f o r m i n g a b o r i d e . E . V i g o u r o u x found t h a t a t 1200° c h r o m i u m 
reac t s w i t h s i l i con tetrachloride, f o rming a sil icide ; a n d , a cco rd ing t o W . T r e i t s c h k e 
a n d G. T a m m a n n , i t a t t a c k s porce la in v igo rous ly a t 1600°. 

A . B u r g e r sa id t h a t t h e v a p o u r of c a l c i u m h a s no a p p r e c i a b l e a c t i o n on c h r o m i u m 
a t a r e d - h e a t . W . G. Imhoff found t h a t c h r o m i u m res is t s a t t a c k b y m o l t e n z inc 
m o r e r ead i ly t h a n does i ron or s teel . W . T r e i t s c h k e a n d G. T a m m a n n found t h a t 
t h e a c t i o n on m a g n e s i a a t 1700° is q u i t e smal l . H . Moissan sa id t h a t fused potas­
s i u m hydroxide h a s n o a p p r e c i a b l e a c t i o n on c h r o m i u m a t du l l r e d n e s s ; b u t 
J . J . Berzel ius sa id t h a t a t a r e d - h e a t , i n a i r , t h e c h r o m i u m is a t t a c k e d . W . G u e r t l e r 
a n d T . L i e p u s o b s e r v e d n o r e a c t i o n w i t h 10 a n d 50 p e r cen t . soln. of s o d i u m 
hydroxide d u r i n g 8 h r s . ' e x p o s u r e . M. L e b l a n c a n d O. W e y l found t h a t p o t a s s i u m 
h y d r o x i d e b e t w e e n 550° a n d 660° h a s a s l igh t a c t i o n on c h r o m i u m , fo rming t r a c e s 
of p o t a s s i u m a n d h y d r o g e n . D . F . M c F a r l a n d a n d O. E . H a r d e r obse rved t h a t 
n o r m a l s o d i u m h y d r o x i d e dissolves 0-35 m g r m . p e r sq. in. p e r week, and n o r m a l 
s o d i u m chlor ide , 2-00 m g r m s . pe r sq. in . pe r week . TJ. Sborg i a n d G. C a p p o n found 
t h a t in a soln. of c a l c i u m a n d a m m o n i u m n i tra te in e t h y l a lcohol , c h r o m i u m is 
pass ive w i t h low c u r r e n t p ressures , a n d w i t h h igh p ressu res , c h r o m o u s ions a r e 
formed. J . J . Berze l ius , F . W o h l e r , a n d H . Moissan o b s e r v e d t h a t c h r o m i u m is 
energe t ica l ly a t t a c k e d b y fused po tas s ium ni trate a t a du l l r e d - h e a t ; a n d t h a t t h e 
a t t a c k b y fused p o t a s s i u m chlorate is e v e n m o r e v i g o r o u s — t h e c h r o m i u m floats 
on t h e c h l o r a t e p r o d u c i n g v iv id incandescence . H . Moissan sa id t h a t c h r o m i u m 
is s lowly a t t a c k e d b y mercur ic chloride ; W . Guer t l e r a n d T. Liiepus obse rved a 
s l ight a c t i o n w i t h a 1 : 500 soln. a t 90° ; a n d n o a c t i o n w i t h m a g n e s i u m chloride 
soln. 

S o m e react ions Of analyt ica l interest*—Chromic sa l t s g ive no p r e c i p i t a t e w i t h 
hydrochlor ic ac id ; a n d h y d r o g e n sulphide g ives n o p r e c i p i t a t e in ac idic soln. , 
b u t i n a lka l ine soln. a m m o n i u m sulphide p r ec ip i t a t e s ch romic h y d r o x i d e ; a n d a 
s imilar p r e c i p i t a t e is o b t a i n e d w i t h a m m o n i a . Accord ing t o F . J a c k s o n , 2 t h e 
r e a c t i o n w i t h a m m o n i a is sens i t ive t o 1 : 40OO ; a n d w i t h a m m o n i u m su lph ide t o 
1 : 8000. T h e c h r o m i c h y d r o x i d e is s l igh t ly so luble in a n excess of a m m o n i a forming 
a v io le t soln. T h e p r e c i p i t a t i o n s h o u l d b e m a d e f r o m a boi l ing soln. us ing as l i t t le 
a m m o n i a as poss ib le . A q . soln. of t h e alkali, hydroxides also p r e c i p i t a t e c h r o m i c 
h y d r o x i d e , a n d w i t h a n excess of t h e a lkal i , s o m e c h r o m i u m passes i n t o soln . : 
3 K 0 H + C r ( 0 H ) 3 ^ 3 H 2 0 + C r ( 0 K ) 3 , a n excess of w a t e r or boi l ing m a k e s t h e r eac t i on 
pass f rom r i g h t t o left, a n d un l ike t h e co r r e spond ing case w i t h a l u m i n i u m , n e a r l y 
all t h e c h r o m i u m is p r e c i p i t a t e d a s h y d r o x i d e . Alkal i carbonates also p r e c i p i t a t e 
ch romic h y d r o x i d e ; a n d s imi la r ly J . N . v o n F u c h s found t h a t c a l c i u m carbonate 
p r e c i p i t a t e s a g r e e n c h r o m i c c a r b o n a t e ; a n d H . D e m a r c a y o b t a i n e d a s imilar 
result with strontium, barium, and magnesium carbonates. H. Rose said t h a t 
w i t h co ld so ln . b a r i u m c a r b o n a t e s lowly p r ec ip i t a t e s g reen h y d r a t e d ch romic oxide . 
A boi l ing soln . t r e a t e d w i t h s o d i u m th iosu lphate g ives a p r e c i p i t a t e of ch romic 
h y d r o x i d e . W i t h a lkal i phosphates* a g reen p r e c i p i t a t e of ch romic p h o s p h a t e 
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is formed ; th i s is soluble in minera l ac ids a n d in cold ace t ic ac id ; w h e n t h e ace t i c 
acid soln. is boiled, chromic p h o s p h a t e is aga in p r e c i p i t a t e d . A l k a l i ace ta t e s 
give n o prec ip i ta te wi th cold or boil ing soln. , b u t if a l u m i n i u m a n d ferric s a l t s a r e 
presen t in excess, basic ace t a t e is p r e c i p i t a t e d ; if t h e c h r o m i c sa l t b e i n excess , 
t he p rec ip i ta t ion is incomple te . Peroxides—e.g. h y d r o g e n , s o d i u m o r l e a d d i o x i d e — 
a n d per-salts—e.g. pe r su lpha tes , p e r b o r a t e s , a n d p e r c a r b o n a t e s — c o n v e r t a lka l ine 
soln. in to yellow ch roma te s ; s imilar ly , p o t a s s i u m p e r m a n g a n a t e i n h o t , a lka l ine 
soln. conver t s t h e chromic sa l t i n t o a c h r o m a t e . W h e n c h r o m i c ox ide or 
hydrox ide is fused w i t h alkal ies a n d o t h e r bases , in air , c h r o m a t e is fo rmed . 

A yellow soln. of t h e c h r o m a t e becomes o range co loured w h e n t r e a t e d w i t h d i l . 
s u l p h u r i c ac id ; a n d wi th cone, su lphur ic acid, r e d needles of c h r o m i c ac id m a y b e 
formed, a n d t h e soln. m a y become green w i t h t h e e v o l u t i o n of o x y g e n : 2 C r O 3 
- 4 - 3 H 2 S 0 4 = 3 H 2 0 - f 3 0 + < } r 2 ( S 0 4 ) 3 . I n n e u t r a l soln. , s i lver n i trate g ives a 
brownish- red p rec ip i t a t e soluble in a m m o n i a a n d m i n e r a l ac ids ; w i t h cone . soln . 
of p o t a s s i u m d i ch roma te , silver n i t r a t e m a y p r e c i p i t a t e r e d d i s h - b r o w n si lver 
d i c h r o m a t e which when boiled w i th w a t e r forms a soln. of c h r o m i c ac id , a n d n o r m a l 
silver c h r o m a t e . W i t h l ead a c e t a t e , l ead c h r o m a t e is p r e c i p i t a t e d ; t h e prec ip i ­
t a t i o n is incomple te w i th lead n i t r a t e unless t h e soln . c o n t a i n s a c e t a t e s . Accord ing 
t o P . H a r t i n g , a p rec ip i t a t e is o b t a i n e d w i t h l ead sa l t s a n d p o t a s s i u m d i c h r o m a t e 
and t h e react ion is sensi t ive t o 1 : 111,982 ; T . G. W o r m l e y g a v e 1 : 107,7OO ; a n d 
IF. J a c k s o n , t o 1 : 32,GOO. N e u t r a l c h r o m a t e s give ye l low b a r i u m c h r o m a t e when 
t r e a t e d wi th b a r i u m ch lo r ide ; t h e p r e c i p i t a t e is so luble i n m i n e r a l ac ids , a n d in­
soluble in acet ic acid. If d i c h r o m a t e s a re used t h e p r e c i p i t a t i o n is i n c o m p l e t e e x c e p t 
in t h e presence of alkal i a ce t a t e s . Accord ing t o F . J a c k s o n , t h e r e a c t i o n w i t h b a r i u m 
sal t a n d po t a s s ium d i c h r o m a t e is sensi t ive t o 1 : 256,000. A cold soln. of a c h r o m a t e 
gives b rown mercu rous c h r o m a t e w h e n t r e a t e d w i t h mercUTOUS n i t r a t e ; a n d if t h e 
soln. is boiled, fiery-red, n o r m a l m e r c u r o u s c h r o m a t e is fo rmed . R e d u c i n g a g e n t s 
—e.g. hydrogen su lphide , su lphur d ioxide , etc .-—convert t h e c h r o m a t e s i n t o g reen 
chromic sal ts . According t o P . Oazeneuve , 3 N . M. S tover , a n d A. Moul in , c h r o m a t e s 
give a purple , violet, r ed or b r o w n co lora t ion w i t h d i p h e n y l c a r b a z i d e , or t h e 
ace t a t e , in alcoholic soln. According t o K . P a n d e r , a n d J . F r o i d e v a u x , g u a i a c u m 
t i n c t u r e gives a n evanescen t , b lue co lora t ion w i t h c h r o m a t e s . J . Meyerfe ld 
ob t a ined a yellowish-red colora t ion w i th a n aq . soln. of p y r o g a l l o l d i m e t h y l 
ether; and P. N. v a n JEck o b t a i n e d a b lue colora t ion w i t h a n a q . soln. . of 
a - n a p h t h y l a m i n e a n d t a r t a r i c acid ; D. JLindo, a b r o w n b a n d w i t h pheno l , a n d 
a r a inbow b a n d wi th o r c i n o l ; P . K o n i g o b t a i n e d a r e d or v io le t co lora t ion w i t h 
1 : 8 d i h y d r o x y n a p h t h a l e n e - 3 : 6-disulphonate^—it is sa id t o b e sens i t ive t o 
0-00CXX)08 g rm. of c h r o m i u m in 10 c.c. L . C. A . Bar reswi l found t h a t if a n acidic 
soln. of a c h r o m a t e be t r e a t e d w i t h h y d r o g e n d iox ide a n d t h e n s h a k e n w i t h e the r , 
t h e u p p e r e the rea l l ayer will be coloured blue—vide infra, p e r c h r o m a t e s . 
S. N . C h a k r a b a r t y a n d S. D u t t s t ud i ed organic syn theses w i t h c h r o m i u m 
p o w d e r . 

T h e phys io log i ca l a c t i o n of c h r o m i u m sa l t s .—Accord ing t o G. C. Gmelin ,* 
ch romic chlor ide is less ac t ive t h a n n o r m a l p o t a s s i u m c h r o m a t e ; 1-9 gr ins , of t h e 
l a t t e r ki l led a r a b b i t w i t h i n 2 hrs . , while 3 g r m s . of t h e chlor ide h a d n o ac t ion . S u b ­
c u t a n e o u s in jec t ions of 0-2 t o 0-4 g r m . of p o t a s s i u m c h r o m a t e were f o u n d b y 
E . Gergens , a n d C. P o s n e r t o a c t w i t h g r e a t i n t ens i t y on r a b b i t s , a n d d e a t h often 
o c c u r r e d w i t h i n a few hou r s . E . V. P e l i k a n found t h a t 0-06 t o O-36 g r m . of p o t a s s i u m 
d i c h r o m a t e is fa ta l t o r a b b i t s a n d dogs . W o r k m e n exposed t o t h e d u s t of p o t a s s i u m 
d i c h r o m a t e were s t a t e d b y B . W . R i c h a r d s o n t o acqu i re a b i t t e r d i sagreeab le t a s t e 
m t h e m o u t h w i t h a n increase of sa l iva w h i c h he lps t o ge t r id of m o s t of t h e poison, 
a n d l i t t l e ill-effects a re obse rved . Those w h o inspire b y t h e nose suffer f rom 
i n f l a m m a t i o n of t h e s e p t u m , w h i c h g r a d u a l l y ge t s t h in , t h e n u l ce ra t ed , a n d finally 
t h e who le s e p t u m is d e s t r o y e d . T h e d i c h r o m a t e also causes pa inful sk in e rup t i ons , 
a n d u l c e r a t i o n s w h i c h t h e w o r k m e n cal l chrome holes. These sk in diseases s t a r t 
f rom a n exco r i a t i on ; so long a s t h e sk in r e m a i n s whole , t h e r e is l i t t l e local effect. 
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Horses , a lso, a b o u t t h e w o r k s deve lop u lce ra t ions if t h e s a l t ge t i n t o w o u n d s or c racks 
in t h e legs ; a n d t h e a n i m a l s m a y lose t he i r hoofs . Cases of po i son ing b y c h r o m a t e s 
a r e r a r e . T h e y h a v e b e e n r e c o r d e d b y J . Maschka , E . O. M a c N i v e n , W . A. M c L a c h -
lan , J . J . Bloomfie ld a n d W . B l u m , A . M'Cror ie , Gk Wilson , J . T . G a d s b y , 
A. D . W a l k e r , Gr. Leopo ld , O. v o n Xiinstow, a n d R . C. S m i t h . T h e s y m p t o m s a re 
severe g a s t r o - i n t e s t i n a l i n f l ammat ion , a c c o m p a n i e d b y depress ion , s t upo r , a n d 
d e a t h . T h e s u b j e c t w a s d iscussed b y A. H e b e r t , H . Becker , L . Lewin , e t c . T h e 
ob jec t ionab le uses of c h r o m a t e s for p re se rv ing milk , e tc . , w a s d iscussed b y 
G. Den ig£s , 5 a n d J . E r o i d e v a u x ; t h e an t i s ep t i c a c t i on of c h r o m a t e s b y A. Mliller, 
P . Miquel , C. C h a m b e r l a n d a n d El. K o u x , P . J . Lau jo r ro i s , J . F . Clark, C. H . P a n d e r , 
A. S t rube l l , H . Schulz , H . Coupin , e t c . M. E . Pozz i -Esco t found t h a t ch romic 
sa l t s a re less po i sonous t h a n p o t a s s i u m c h r o m a t e a n d d i c h r o m a t e , c h r o m e - a l u m 
or c h r o m i c ac id t o w a r d s t h e lower fungi—e.g. saccharotnycetes. P . K o n i g f o u n d 
t h a t w i t h c e r t a i n m i n u t e c o n c e n t r a t i o n s p l a n t life m a y b e s t i m u l a t e d b y c h r o m i u m 
sa l t s a n d c h r o m a t e s ; t h e t o x i c a c t i o n is g r e a t e r t h e h ighe r t h e degree of ox ida t i on 
of t h e c h r o m i u m . A w h e a t p l a n t w a s ki l led b y a O 0064 pe r cen t . soln . of sod ium 
d i c h r o m a t e , a n d a 0-5 p e r c e n t . soln. of c h r o m e - a l u m w a s n e e d e d t o p r o d u c e a 
s imi lar r e su l t . T. PfeifiFer a n d co -worke r s cou ld n o t find a n y beneficial s t i m u ­
la t ing effect of c h r o m i t e , o r of p o t a s s i u m d i c h r o m a t e on t h e g r o w t h of o a t s a n d 
ba r l ey . 

S o m e u s e s of c l iromium.— - One of t h e m o s t i m p o r t a n t app l i ca t ions of c h r o m i u m 
is in t h e p r o d u c t i o n of v a r i o u s a l loys , 6 p r inc ipa l ly f e r r o c h r o m i u m al loys for t h e 
m a n u f a c t u r e of specia l s teels m a n y of w h i c h c o n t a i n a b o u t 2 p e r cen t , of c h r o m i u m 
a n d a smal l p r o p o r t i o n of o t h e r me ta l s—v ide t h e a l loys of i ron. T h e ch rome-a l loy 
steels a r e h a r d a n d t o u g h . T h e y a r e u sed in m a k i n g a r m o u r - p l a t e , a rmour -p i e r c ing 
project i les , burg la r -p roof safes ; t y r e s , ax les , sp r ings for r a i lways a n d m o t o r - c a r s , 
s t a m p - m i l l shoes , c r u s h e r j a w s , t h e so-cal led rus t less cu t l e ry , slellile—an al loy 
con ta in ing c h r o m i u m , coba l t , a n d m o l y b d e n u m a n d t u n g s t e n — f o r h igh speed 
tools w h i c h r e t a i n t h e i r c u t t i n g edge a t t e m p , a p p r o a c h i n g redness ; nichrorne— 
nickel , c h r o m i u m , i ron (60 : 14 : 15), a h i g h t e m p , res i s tance al loy ; c h r o m i u m -
v a n a d i u m s teel ; c h r o m i u m m a g n e t s tee l ; hea t - re s i s t ing a n d ac id-res is t ing steels ; 
e t c . C h r o m i u m p l a t i n g a s a p r o t e c t i v e coa t ing for s teel is m u c h e m p l o y e d 7-—vide 
supra, t h e e l ec t rodepos i t ion of c h r o m i u m . P e r h a p s t h e l a rges t d e m a n d for 
c h r o m i u m is in t h e form of c h r o m i t e u sed as a r e f r ac to ry in c e r t a i n p a r t s of open-
h e a r t h a n d o t h e r fu rnaces . 8 C h r o m i u m c o m p o u n d s a r e u sed in t a n n i n g ce r t a in 
l e a t h e r s — c h r o m e l e a t h e r s ; a s a m o r d a n t for d y e i n g ; i t is u s e d for i m p r e g n a t i n g wood , 
p a p e r , e t c . , w i t h c h r o m i c h y d r o x i d e ; a n d in t h e p r e p a r a t i o n of f i laments for i ncan­
descen t l a m p s . C h r o m a t e s a r e u s e d for m a k i n g ge la t ine insoluble—for a m i x t u r e 
of ge la t ine a n d p o t a s s i u m d i c h r o m a t e b e c o m e s insoluble w h e n exposed t o l i gh t—in 
colour p r i n t i n g , b lock p r i n t i n g , h e l i o g r a p h y , p h o t o l i t h o g r a p h y , p h o t o z i n c o g r a p h y , 
e t c . C h r o m i u m c o m p o u n d s a r e u sed in m a k i n g sa fe ty m a t c h e s ; a s an t i sep t i c s ; 
in b l each ing oils ; in t h e pur i f ica t ion of w o o d v inega r ; a s a c o m p o n e n t of c e r t a i n 
ga lvan ic cells ; a n o x i d a t i o n a g e n t in t h e p r e p a r a t i o n of some ani l ine dyes a n d in 
a n u m b e r of a n a l y t i c a l a n d chemica l processes ; a s a c a t a l y t i c a g e n t in t h e p r e p a r a ­
t i on of s u l p h u r t r i o x i d e (q.v.), a n d , accord ing t o H . W . U n d e r w o o d , 9 in t h e h y d r o -
g e n a t i o n of o rgan i c c o m p o u n d s . 

Chromic ox ide is e m p l o y e d as g reen p i g m e n t s for p a i n t s — c h r o m e - g r e e n , 
emera ld -g reen , Cassai^s g reen , e t c . — a n d i t m a y be a s soc ia t ed w i t h o t h e r subs t ances 
—e.g. bor ic ox ide , p h o s p h o r i c ox ide , z inc ox ide , e t c . t o p r o d u c e special t i n t s , t h e r e 
a re yel low c h r o m a t e s of l ead , e tc .—e .g . c h r o m e yel low, l e m o n yel low, P a r i s yellow, 
roya l yel low, e t c . ; r e d bas i c l ead ch roma te s—e .g . c h r o m e - o r a n g e , chrome-vermi l ion , 
e tc . ; a n d b r o w n , m a n g a n e s e c h r o m a t e . 1 0 Chromic ox ide is e m p l o y e d in p roduc ing 
on-, in-, a n d u n d e r g l a z e g r een colours i n e n a m e l , p o t t e r y a n d glass m a n u f a c t u r e ; 
on-glaze yel lows e m p l o y e d for on-glaze work , a n d i n enamel l ing a r e de r ived from 
lead c h r o m a t e . t h e on-glaze r e d s a n d o r a n g e colours , f rom basic l ead c h r o m a t e . A 
cr imson o r p i n k co lour for p o t t e r y d e c o r a t i o n is b a s e d o n t h e r e su l t of ca lc in ing 
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stannic oxide with one or two per cent, of chromic oxide ; for the coloration of 
alumina with chromium to form artificial rubies—vide alumina. C. J. Smithells 1X 

described the manufacture of articles from chromium. 
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§ 6. The Atomic Weight and Valency of Chromium 
In 1818, J. J . Berzelius 1 represented chromic anhydride b y the formula CrO6 

but later gave CrO3, and the corresponding formula for chromic oxide became 
Cr2O3 b y analogy wi th the sesquioxides of a luminium, iron and manganese . This 
made the at . w t . of chromium approximate to 52, and is in agreement wi th the ter-
valency of chromium i n this oxide, and also wi th the sp. ht . rule ; wi th the 
isomorphism of the chromous and ferrous salts observed by C. Liaurent ; the iso­
morphic replacement of chromic, ferric, and a luminium hydroxides in the silicate 
minerals, spinels and chromites , a lums, and complex cyanides ; and the iso­
morphism of chromates and sulphates—vide supra. The at. wt . 52 also agrees 
wi th the electrolysis of chromium salts which is in accord wi th Faraday's law ; 
wi th the recognized posit ion of chromium in the periodic table ; and wi th the 
frequency of the X-rays observed b y H . G. J . Moseley, and M. Siegbahn and 
W. Stenstrom. 

Chromium under different condit ions m a y act as a bi-, ter-, and sexi-valent 
e lement. F . P in tus discussed the possibi l i ty of the formation of compounds with 
univalent chromium in such reactions as : 4 C r C l 2 + 4 C 6 H 6 M g B r - ( C 6 H 5 ) 4 C r C l + 3 C r C l 
2MgCl 2 +2MgBr 2 - Bivalent chromium in the dichloride has a v a p . densi ty a t 1600° 
half as m u c h again too high for the simple molecule CrCl2, and, according t o 
L. F . Ni l son and O. Pettersson, the chromium is really tervalent C r 2 = C r — C r = C l 2 ; 
but i t m a y be 

C r < c i = c i > C r 

The isomorphism between C r S 0 4 . 7 H 2 0 , and F e S 0 4 . 7 H 2 0 , indicated b y C. Laurent, 
shows t h a t the bivalency of chromous chromium corresponds wi th the bivalency 
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of ferrous iron. The tervalency of chromium has been more definitely establ ished 
b y IJ. F. Nilson and O. Pettersson's observations on the v a p . dens i ty of chromic 
chloride ; F. Hein and E . Markert's observations on tr iphenyl chromium, Cr(C6H5)g ; 
and G. Urbain and A. Debierne's observations on the v a p . dens i ty of chromic 
acetylacetonate. There is also the isomorphism of chromium w i t h tervalent 
aluminium in the alums. W. Just , W. Eissner, E . Markert, and F . H e i n and 
co-workers also prepared tetraj>henyl chromium, Cr(C6H5)4 , in which the meta l 
is presumably quadrivalent ; and possibly quinquevalent in the compounds of t h e 
type Cr(C6H5)4OH. The sexivalency of chromium is indicated b y F . He in ' s 
observations on the vap . density of chromyl chloride ; and b y the relations be tween 
sulphur trioxide, SO3 , and chromic trioxide, CrO3, as i l lustrated b y the i somorphism 
of the sulphate3 and chromates observed b y E . Mitscherlich, F . Mylius and R. Funk , 
and H. Salkowsky. Of course, chromium, in chromic anhydride, m a y be bi- or 
quadri-valent 

Cr ° x O O = Cr X ? O = C r ^ 0 

ivivalent. Qua.<lrivalent. Sexivalent . 

and W. Manchot believed that the chromium is quadri- not sexi-valent , and 
similarly also with the other cases of sexivalent chromium ; hence, the whole 
force of the argument turns on the analogy with w h a t he assumed to be sexivalent 
sulphur. W. Manchot and K. Kraus reported chromium dioxide, CrO2, in which 
the chromium is bi-, ter-, or quadrivalent 

Crx"? O = C r - O — O— C r - O C r ^ ^ 
O ^ O 

Jiivalent. Tervalent . Quadr iva len t . 

and W. Manchot believed it to be quadrivalent. The isomorphism of the complex 
salts of chromium oxytrichloride, CrOCl3, say CrOCl3.2CsCl wi th CbOCl3.2CsCl, 
observed b y K. F . Weinland and coworkers , agrees w i th the assumpt ion t h a t 
chromium is here quinquevalent. F . Olsson obtained addit ion products of quinque­
valent chromium. 11. L,uther and T. F . Rutter also assumed t h a t in .the reaction 
between hydriodic acid and chromic acid, the chromium is first reduced to a quin­
quevalent s tage and then to a quadrivalent stage. According to F . H . Riesenfeld, 
chromium in chromium tetroxide, OrO4, is sexivalent , and in the perchromate 
H3CrOg, septitmlent : 

/~\ ,x *r\ *~v . ^ O • O x x 

S X ° SXg-on 
CrO4 H 3 CrO 8 

A. Werner,2 and P. Pfeiffer and co-workers described optically act ive chromic 
diaquodiethylenediamine salts, [CrCn2(H2O)2]X3 ; chromic hydroxyaquodie thy lene-
diamine salts , [CrCn2(OH)(H2O)]X2 ; A. Werner, and P . Pfeiffer and co-workers, 
chromic dichlorodiethylenediamine salts, [Cren2Cl2]X ; chromic dibromodiethylene-
diamine salts, [Cren2 B r 2 ] X ; and chromic dithiocyanatodiethylenediamine salts, 
£Cren2(SCy)2]X. 

J . J . Berzelius 3 made the first serious determination of the at . wt . of chromium ; 
he precipitated lead nitrate with an alkali chromate, and weighed the resulting lead 
chromate . H i s results for the at . wt . gave 56 from the ratio Pb(NO 3J 2 : PbCrO4 ; 
and 5 4 from BaCrO4 : BaSO 4 . !Later observers have shown that the method is 
unrel iable—with cone, soln. , the precipitate adsorbs alkaline salts, and wi th dil. 
soln. , the precipitation is incomplete . E . M. Pel igot analyzed chromous acetate 
a n d chromium chloride, and obtained a va lue for the at. w t . 52-5, much lower than 
t h a t of J . J . Berzelius ; a n d V. A. Jacquelain obtained a v e r y low result, 50*1. I n 
neither case were sufficient d a t a described in the reports t o enable es t imates t o be 
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m a d e of t h e v a l u e of t l ie work . Some genera l obse rva t i ons on t h e sub jec t were 
m a d e b y W . A. N o y e s , a n d S. L u p t o n . 

I n 1846, NT. J . Ber l in o b t a i n e d 52-6 t o 52-9 f rom t h e r a t i o 2AgCl : Ag 2 CrO 4 ; 
52-3 t o 52-5 f rom C r 2 O 3 : 2Ag 2 CrO 4 ; 52-6 f rom 2AgCl : A g 2 C r 2 O 7 ; 52-3 f rom 
C r 2 O 8 : A g 2 C r 2 O 7 ; a n d 52-0 f rom P b ( N O ^ ) 2 : P b C r O 4 . A. Moberg o b t a i n e d 53-2 
f rom t h e r a t i o C r 2 O 3 : Cr2(SO4J3 ; 53-7 f rom C r 2 O 3 : Cr2(SO4J3 ; a n d 53-6 f rom 
C r 2 O 3 : c h r o m e - a l u m . J . Le fo r t ca l cu l a t ed 53-1 f rom t h e r a t i o B a C r O 4 : B a S O 4 ; 
a n d R . Wi ldens t e in , 53-6 f rom B a C r O 4 : BaCl 2 . F . Kess ler o b t a i n e d 52-2 t o 52-4 
f rom t h e r a t i o K C l O 3 : K 2 C r 2 O 7 ; M. Siewert , 52-05, f rom CrCl3 : 3AgCl ; 52-1 , 
f rom A g 2 C r 2 O 7 : 2AgCl ; a n d 52-0, f rom A g 2 C r 2 O 7 : C r 2 O 3 ; H . B a u b i g n y , 52-1 
f rom Cr2(SO4J3 : Cr^O 3 ; S. G. E a w s o n , 52-2 f rom ( N H 4 J 2 C r 2 O 7 : C r 2 O 3 ; F . W . Mei-
necke , 52-2, f rom ( N H 4 J 2 C r 2 O 7 : C r 2 O 3 ; 52-08, f rom 4AgCl : Cr2Ov1 ; 52-06, f rom 
A g 2 C r O 4 : I 2 ; 52-2, f rom [Ag 2 (NH 3 J 4 ]CrO 4 : I 2 ; 52*10, f rom K 2 C r ^ O 7 : K C l O 3 ; 
a n d 52-13, f rom ( N H 4 J 2 C r 2 O 7 : I 2 ; F . G. N u n e z , 52-025, f rom CrCl 2 O 2 : 2AgCl ; 
G. P . B a x t e r , E . Muel ler a n d M. A. H i n e s , 52-005, f rom 2AgCl : Ag 2 CrO 4 , a n d 
52-012, f rom 2 A g B r : A g 2 C r O 4 ; a n d G. P . B a x t e r a n d H . H . Jesse , 52-016, f rom 
2 A g B r : A g 2 C r 2 O 7 . J . Meyer g a v e 5 2 0 1 ± 0 - 0 1 as t h e b e s t r e p r e s e n t a t i v e va lue ; 
F . W . Clarke , 5 2 - 0 1 9 3 ± 0 - 0 0 1 3 ; whi le t h e I n t e r n a t i o n a l T a b l e for 1926 gave 52-01 . 

T h e a t o m i c n u m b e r of c h r o m i u m is 24. F . W . A s t o n 4 f ound c h r o m i u m h a s 
four i sotopes "with m a s s n u m b e r s a n d p e r c e n t a g e a b u n d a n c e respec t ive ly 50 a n d 
4 9 ; 52 a n d 8 1 - 6 ; 53 a n d 10-4 ; a n d 54 a n d 3-1, m a k i n g t h e a t . w t . 52-011. N . B o h r 
g a v e for t h e e lectronic Structure (2) for t h e K - s h e l l ; (4, 4) for t h e L-she l l ; (4, 4, 4) 
for t h e M-shell ; a n d (2) for t h e N-she l l . Specu la t ions o n t h e sub jec t were 
m a d e b y S. Meyer , R . H . Ghosh , I I . L.essheim a n d co-workers , C. IX Niven , 
K . H o j e n d a h l , R . Gr. W . Nor r i sh , R . S a m u e l a n d E . Markowicz , D . M. Bose , F . H u n d , 
I . T a m m , R . L a d e n b u r g , A. S. Russe l l , P . R a y , J . D . M. S m i t h , J . N . F r e r s , 
O. Feus sne r , C. G. B e d r e a g , A. Sommerfe ld , a n d N . Collins. E v i d e n c e of a t o m i c 
dis integrat ion b y b o m b a r d m e n t w i t h cx-rays w a s obse rved b y H . P e t t e r s s o n a n d 
G. K i r sch . T h e sub jec t w a s discussed b y G. I . P o d r o w s k y . 
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F i a . 7 . — F r e e z i n g - p o i n t 
C u r v e of C u - O r Al loys . 

§ 7 . The Al loys of Chromium. Chromides 
G. H i n d r i c h s x p r e p a r e d copper-chromium al loys b y t h e d i rec t u n i o n of t h e 

e l emen t s . Gr. H i n d r i c h s said t h a t in t h e mol t en s t a t e t h e e l emen t s a r e on ly slightly-
soluble in one a n o t h e r ; H . Moissan sa id t h a t m o l t e n 

Y~l/j?0° copper c an t a k e u p 0-5 p e r cent , of c h r o m i u m ; a n d 
A. JB. d u Ja s sonne ix t h a t boil ing copper c a n t a k e u p 1-6 
p e r cent , of c h r o m i u m . G. H i n d r i c h s found t h a t t h e 
emuls ion formed b y t h e t w o e lemen t s does n o t s e p a r a t e 
r ead i ly i n t o t w o layers . E . Siedschlag 's f .p . cu rve is s h o w n 
in F ig . 7. E . Siedschlag found t h a t t h e r e is on ly a p a r t i a l 
misc ib i l i ty in t h e l iquid s t a t e w i t h a eu tec t i c a t 1076° a n d 
1-5 p e r cen t , of copper . T h e l imi ts wi th in which a m i x t u r e 
of t h e t w o l iquids is fo rmed are 37 a n d 93 per cent , of 
c h r o m i u m , a b o v e 1470°. Only he te rogeneous m i x t u r e s of 

t w o k i n d s of c ry s t a l s a r e o b t a i n e d in t h e solid s t a t e , c h r o m i u m , a n d a eu tec t i c r ich 
i n coppe r . E . P l a c e t , t h e E lec t rome ta l lu rg i ca l Co., a n d D . S. Ashb rook depos i t ed 
e lec t ro ly t ica l ly a m i x t u r e of t h e t w o e l emen t s . T h e Neo-M&tallurgie M a r b e a u , a n d 
Li. P . H a m i l t o n a n d E . E . S m i t h h e a t e d a m i x t u r e of c h r o m i u m a n d copper oxides 
w i t h c a r b o n ; P . Li. H u l i n r e d u c e d t h e m i x e d oxides w i t h s o d i u m ; a n d H . GoId-
s c h m i d t , w i t h a l u m i n i u m . G. H i n d r i c h s r e d u c e d a m i x t u r e of ch romic ox ide , 
p o t a s s i u m d i c h r o m a t e , a n d c u p r i c su lph ide . H . G o l d s c h m i d t sa id t h a t a n a l loy w i t h 
10 p e r cen t , of c h r o m i u m is g rey i sh - red a n d h a r d e r t h a n copper . L . P . H a m i l t o n 
a n d E . E . S m i t h p r e p a r e d a g rey i sh - red a l loy w i t h 7 p e r cen t , c h r o m i u m a n d a s p . 
gr . 8-346. T h e E l e c t r o m e t a l l u r g i c a l Co . r e p o r t e d t h a t c h r o m i u m con ta in ing one-
t h o u s a n d t h p a r t of c o p p e r is h a r d e r a n d t o u g h e r t h a n c o p p e r ; a l loys w i t h 0-5 t o 20 
p e r cen t , of c h r o m i u m h a v e a p p r o x i m a t e l y t h e t o u g h n e s s of s teel , a n d t h e y a re v e r y 
r e s i s t a n t t o w a r d s ac ids , a n d a lka l ies , a n d t h e y a lso res is t h igh t e m p . M. G. Corson 
s t u d i e d t h e h a r d n e s s of t h e a l loys . D . F . M c F a r l a n d a n d O. E . H a r d e r obse rved 
t h a t t h e s p . gr . of t h e a l loys w i t h 91-68, 83-02, a n d 74-05 p e r cen t , of coppe r were 
r e spec t ive ly 8-78, 8-60, a n d 8-47 ; a n d Br ine lFs h a r d n e s s , r e spec t ive ly < 6 8 , 69 , 
a n d 68 . T h e cor ros ion of t h e a l loys b y n o r m a l hyd roch lo r i c , su lphur i c , a n d n i t r i c 
ac ids , n o r m a l soln. of s o d i u m ch lo r ide , a n d h y d r o x i d e , a m m o n i u m h y d r o x i d e a n d 
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f a t t y ac ids , exp re s sed in t e r m s of t h e loss in. m g r m s . p e r sq . in . pe r week, a r e 
i n d i c a t e d in T a b l e I I . 

Copper 
(Per cent.). 

9 1 - 6 8 
8 3 - 0 2 
7 4 0 5 

T A B L E 

NaOM. 

4 - 3 3 
4 O O 
4 - 6 O 

I T . — T H E C O R R O S I O I S T 

H C l . 

4 2 - 8 
3 8 - 3 
3 0 - 3 

H 2 S O 4 . 

1 7 - 2 O 
1 4 - 2 O 
1 6 - 4 0 

-

OF C H R O M I U M - C O P P E R A J ^ L O Y S . 

H N O 8 . 

1 2 - 6 0 
1 3 - 1 O 
6 0 - 3 O 

JSTaOH. 

1 0 - 4 0 
9 - 6 
8 - 8 6 

N H 4 O H . 

4 1 - 8 O 
5 7 - 5 O 
6 7 - 5 0 

F a t t y a c i d s . 

j 1 0 - 5 0 

\ 1 0 - 7 0 
! 

T h e S i lver -chromium a l loys h a v e n o t been closely s tud ied . According t o 
G. H i n d r i c h s , l iqu id c h r o m i u m a n d si lver a re on ly p a r t i a l l y miscible ; solid soln. 
a re n o t fo rmed . T h e a d d i t i o n of 5 p e r cen t , of s i lver lowers t h e f.p. of c h r o m i u m 
50°. A r e c o n s t r u c t e d c u r v e b y G. H i n d r i c h s is s h o w n in F i g . 8. L.. J o r d a n and 
co-workers m e a s u r e d t h e h a r d n e s s , tens i le s t r e n g t h , a n d e longa t ion of these al loys. 
K. Vogel a n d E . Tr i l l ing 's obse rva t i ons on t h e g o l d - c h r o m i u m a l loys a re sum-
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8.—Freez ing-point Curve 
of A g - C r Al loys . 
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F i a . 9. Freez ing-point Curve 
of A u - C r Al loys . 

m a r i z e d in F i g . 9. N o c o m p o u n d s of defini te compos i t ion a re fo rmed . There 
a re t h r e e k i n d s of m i x e d c rys ta l s , one r ich i n c h r o m i u m , a n d t w o r i ch in gold. 
T h e G r e e k l e t t e r s i n F i g . 9 refer t o t h e solid soln. 

Acco rd ing t o H . Ie Chate l ie r , 2 a z i n c - c h r o m i u m al loy , w i t h 7 pe r cen t . Cr, can 
b e o b t a i n e d b y m e l t i n g zinc m i x e d w i t h a lka l i a n d ch romic chlor ide . G. H i n d r i c h s 
found t h a t m o l t e n zinc dissolves a l i t t l e c h r o m i u m ; a n a l loy w i th 5 p e r cen t , of 
c h r o m i u m h a d a b r e a k 10°—15° a b o v e t h e m . p . , a n d a n a r r e s t n e a r t h e m . p . of zinc. 
N o ea f lmi l im-chromium al loy cou ld b e o b t a i n e d b y h e a t i n g a m i x t u r e of t h e t w o 
e l emen t s for 6 h r s . a t 650°. 

A . S. Russe l l a n d co-workers 3 f ound c h r o m i u m t o b e s l igh t ly soluble in m e r c u r y . 
G. T a m m a n n a n d J . H i n n u b e r sa id t h a t t h e so lubi l i ty of c h r o m i u m in m e r c u r y is 
3-1 x 1 0 - 1 1 p e r cen t . C. F . Schonbe in , N . B u n g e , Z. Rouss in , a n d C. W . V incen t p re ­
p a r e d a m e r c u r y - c h r o m i u m al loy or c h r o m i u m a m a l g a m , b y t h e ac t ion of po t a s s ium 
or s o d i u m a m a l g a m o n a cone . soln. of c h r o m i c ch lor ide ; a n d H . Moissan ob ta ined 
t h e a m a l g a m b y a s imi la r process , a s well a s b y t h e a c t i o n of s o d i u m a m a l g a m on 
c h r o m o u s chlor ide , b r o m i d e , or iod ide . H . Myers o b t a i n e d i t b y t h e electrolysis of 
a soln, of c h r o m i c s u l p h a t e in di l . s u l p h u r i c ac id u s ing a p l a t i n u m a n o d e , a n d mer ­
c u r y c a t h o d e ; J . F e r e e f o u n d t h a t w i t h a soln. of c h r o m i c chlor ide t h e y ie ld is poor . 
H . Moissan sa id t h a t t h e a m a l g a m is less fluid t h a n m e r c u r y ; a n d J . Fe ree , t h a t 
i t decomposes i n a i r i n t o c h r o m o u s ox ide a n d m e r c u r y . G. T a m m a n n a n d 
J - H i n n t i b e r o b t a i n e d a m a l g a m s b y r e d u c i n g soln. of c h r o m i u m s u l p h a t e w i t h a 
m e r c u r y c a t h o d e . H . Moissan a d d e d t h a t in air , t h e a m a l g a m acqui res a b lack 
m m of ox ide . I t i s s lowly d e c o m p o s e d b y d r y air , a n d r a p i d l y in moi s t air . 
R . Myer s also found t h a t i t is r a p i d l y decomposed b y w a t e r . C. F . Schonbe in 
obse rved t h a t w h e n t h e a m a l g a m is s h a k e n w i t h w a t e r a n d a i r some h y d r o g e n 
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dioxide is formed ; th i s reac t ion is favoured b y dil . su lphur ic acid, H . Moissan 
found t h a t t h e a m a l g a m is insoluble in boil ing, cone , su lphur i c acid, a n d t h a t i t is 
soluble in dil. sulphuric acid. I t is soluble in n i t r i c acid, a n d T . D i e o k m a n n a n d 
O. Hauf a d d e d t h a t wi th dil . n i t r ic acid t h e a m a l g a m forms c h r o m o u s ox ide a n d 
mercu ry . A. S. Russell a n d co-workers found t h a t t h e o r d e r of r e m o v a l of m e t a l s 
from mercury a m a l g a m b y a n oxidizing a g e n t i s : Zn, Cd, Mn, Tl, Sn , P b , Cu, Cr*, F e , 
Bi, Co, and "Ni. According t o J . Fe>£e, on ly dil . a m a l g a m s a re p r o d u c e d b y t h e 
act ion of sodium a m a l g a m s on chromic chlor ide, or b y t h e electrolysis of c h r o m i u m 
salts wi th a m e r c u r y c a t h o d e ; b e t t e r resu l t s a re o b t a i n e d b y e lect rolyzing a soln. 
conta in ing 160 g rms . of chromic chlor ide a n d 100 g r m s . of cone , hyd roch lo r i c 
acid in 740 g rms . of w a t e r b y m e a n s of a powerful c u r r e n t w i t h a m e r c u r y c a t h o d e 
a n d a p l a t i n u m a n o d e . Us ing a c u r r e n t of 22 ampere s a n d a m e r c u r y surface of 
8*05 sq. c m . he ob t a ined 1-5 kilo, of a solid c h r o m i u m a m a l g a m . W h e n d r ied a n d 
filtered t h r o u g h chamois lea ther , t h e a m a l g a m h a s t h e compos i t ion mercury 
tritachromide, Hg 3 Cr. W h e n th i s is sub jec ted t o a press , of 200 k g r m s . p e r sq . 
cm., i t loses m e r c u r y a n d yields mercury m o n o c h r o m i d e , HgCr . T h e first a m a l g a m 
is soft, br i l l iant , a n d a l te rs b u t l i t t le in air , b u t -when h e a t e d loses m e r c u r y w i t h o u t 
mel t ing a n d oxidizes r ap id ly ; t h e second is b r i l l i an t a n d h a r d e r , b u t a l t e r s 
more readi ly . W h e n dist i l led in v a c u o below 300°, t h e y b o t h yie ld c h r o m i u m 
which is py rophor ic a t o r d i n a r y t e m p . M. I t a b i n o v i c h a n d P . B . Z y w o t i n s k y 
observed t h a t c h r o m i u m can be d i spersed in m e r c u r y a b o v e t h e so lub i l i ty l im i t 
a n d so form a colloidal soln. 

F . T. Sisco a n d M. R . W h i t m o r e 4 o b t a i n e d a l u m i n i u m - c h r o m i u m al loys w i t h 
U]) t o 5 per cent , a lumin ium, b y d i rec t fusion of t h e t w o e l emen t s . G. H i n d r i c h s 

could n o t o b t a i n a l loys -with m o r e t h a n 70 pe r cen t , 
c h r o m i u m b y h e a t i n g a m i x t u r e of t h e t w o ele­
m e n t s in a n electr ic fu rnace . T h e a l loys were ob ­
t a ined b y H . Moissan b y r educ ing ch romic oxide 
wi th a l u m i n i u m in excess . G. H i n d r i c h s sa id t h a t 
t h e bes t m o d e of p r e p a r i n g t h e al loys is b y ign i t ing 
a m i x t u r e of a l u m i n i u m , ch romic oxide , a n d p o t a s ­
s ium dichrornate . C. Combes o b t a i n e d c rys ta l l ine 
alloys b y t h e ac t ion of t h e v a p o u r of chromic chlo­
r ide on a l u m i n i u m ; F . W o h l e r o b t a i n e d t h e a l loys 
b y fusing a m i x t u r e of a l u m i n i u m w i t h twice i t s 
weight of violet p o t a s s i u m chromic chlor ide, KCrCl 4 , 
or of a 1 : 2 m i x t u r e of p o t a s s i u m a n d chromic 
chlorides ; a n d e x t r a c t i n g t h e cold mass first w i t h 
water , a n d t h e n w i t h dil . a lkal i - lye t o r e m o v e free 
a lumin ium. G. H indr i chs found t h a t m i x t u r e s 

wi th be tween 5 a n d 55 pe r cen t , of ch romium form two l iquid layers , F i g . 10, a n d 
t h e r e is ev idence of t h e fo rmat ion of a l u m i n i u m trichromide, AlCr3 , whose m . p . 
lies a b o v e 1600°. L*. Guil let ob t a ined al loys corresponding w i t h aluminium chromide, 
AlCr, a n d aluminium telracJiromide, AlCr4 , in t h e form of si lver-grey powder s of 
t h e respec t ive sp . gr. 4-93 a n d 6-75 a t 20°. H . Schirmeis ter , J . W . R i c h a r d s , a n d 
IS. S. S p e r r y m a d e some obse rva t ions on these al loys. F . Woh le r r ega rded his 
p r o d u c t as t h e monochromide , a n d he descr ibed i t a s forming t in -whi te , t e t r a g o n a l 
p la tes , or r e c t a n g u l a r t e t r a g o n a l p r i sms resembl ing idocrase . I t me l t s a t a h igher 
t e m p , t h a n nickel , forming, w h e n cold, a h a r d , b r i t t l e mass of sp . gr . 4*9. W h e n 
h e a t e d in air , i t acqu i res a s teel-coloured lus t re w i t h o u t oxidizing fu r the r ; w h e n 
h e a t e d in h y d r o g e n chlor ide, some silicon chlor ide is formed from t h e impur i t i e s 
p resen t , c h r o m o u s a n d a l u m i n i u m chlor ides a re also jxroduced ; hydroch lor ic ac id 
a t t a c k s t h e a l loy w i t h t h e evo lu t ion of h y d r o g e n ; w a r m , cone, su lphur ic ac id 
deve lops h y d r o g e n -with t h e s e p a r a t i o n of s u l p h u r ; a n d i t is n o t a t t a c k e d b y 
cone , n i t r i c ac id , or a lkal i - lye. 

Accord ing t o G. H i n d r i c h s , 5 t m - c h r o m i u m a l loys a r e p roduced wi th in a v e r y 

/ 600 
/500" 
/<?00a 

/300" 
/?00° 
//00° 
/000* 
300° 
800° 
700° 
600° 
S00° 

I 

— 

- * • 
\4-
-/— 

— 

-^ 

___ 

."' 

- T - -

\j66f 

hi: 

\i 
L I J 

hi H 
375 ° 

- • • [ " ' 
•*&*T 

— -" " " 

/ 

t-_-
— -----

__ 

---

/ 
T 
1. 
I 

I 
1 

.1? 
.1 J 
I 
I 

1 

r 

j — 

£_-

-----

"~ 
20 40 60 

Per ce/7t. Cr 
80 /00 

F i o . 10.- — K r e o z i n g - p o m t C u r v e 
of A l - C r A l l o y s . 

file:///j66f


C H R O M I U M 1 7 3 

n a r r o w r a n g e ; t h e f .p . of c h r o m i u m is lowered b y t h e a d d i t i o n of u p t o 10 pe r cen t , 
of t i n ; a n d m i x e d c r y s t a l s a re f o r m e d u p t o 6 p e r cen t , of t in—v ide F i g . 11 ; b e y o n d 
t h i s , t w o l iqu id p h a s e s a r e fo rmed one of which is p u r e t in . N . A . P u s c h i n sa id 
t h a t a l loys a r e soft u n t i l a b o u t 90 a t . p e r c e n t . Cr. is p r e sen t , w h e n t h e y a re h a r d 
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a n d b r i t t l e ; t h e e.m.f. c u r v e of t h e cell Sn | 2V-KOH | S n C r n shows n o sign of e i the r 
chemica l c o m b i n a t i o n or of solid soln. W i t h n p e r c e n t . Cr, t h e po t en t i a l s , E in 
mil l ivol ts , a re : 
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G. H i n d r i c h s sa id t h a t l e a d - c h r o m i u m al loys c an b e fo rmed b y m e l t i n g a m i x t u r e 
of t h e t w o e l e m e n t s a b o v e 1600°. M u c h l ead is vola t i l ized . T h e a d d i t i o n of 27 
p e r cen t , of l e ad lowers t h e f .p . of c h r o m i u m 80°—vide F i g . 12 ; a l loys w i t h m o r e 
t h a n t h i s p r o p o r t i o n of l e ad s e p a r a t e i n t o t w o l aye rs one of wh ich is lead alone, 
W . v o n B o l t o n o b t a i n e d al loys w i t h t a n t a l u m a n d c h r o m i u m . 
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§ 8. The Lower Chromium Oxides 
T h e m e t a l s of t h e c h r o m i u m fami ly c a n p r o d u c e a n e x t r a o r d i n a r y n u m b e r of 

c o m p o u n d s ; * t h e y c a n b e h a v e as 2-, 3 - , 4-, 5- , 6-, a n d i n s o m e cases a s 8 -va len t 
e l emen t s . Hence , one e l e m e n t c a n fo rm n e a r l y al l t h e t y p e s of c o m p o u n d s w h i c h 
cha rac te r i ze t h e i nd iv idua l e l e m e n t s . T h e lower oxides h a v e bas ic p r o p e r t i e s , 
whi le t h e h igher oxides a re m a r k e d l y acidic ; t h e i n t e r m e d i a t e ox ides—l ike t h o s e of 
m o l y b d e n u m , t u n g s t e n , a n d u r a n i u m d iox ides—are indifferent ox ides a n d r e semble 
in some respec t s t h e pe rox ides of l ead a n d m a n g a n e s e . T h e lowes t ox ide of 
c h r o m i u m is a s t r o n g r e d u c i n g a g e n t , whi le t h e acidic oxide a c t s as a s t r o n g oxid iz ing 
a g e n t . All t h e s e e l e m e n t s r ead i ly form oxides w i t h a compos i t i on i n t e r m e d i a t e 
b e t w e e n t w o s impler oxides , a n d wh ich a p p e a r t o be sal t - l ike c o m p o u n d s in wh ich 
t h e h igher ox ide p l a y s t h e role of acid, a n d t h e lower ox ide , ba se . T h e in t e r ­
m e d i a t e oxides of c h r o m i u m a re n o t ana logous w i t h t h o s e of u r a n i u m — i n t h e first 
case t h e i n t e r m e d i a t e oxide a p p e a r s as a c o m p o u n d of t h e sesqui - a n d t r i -ox ides ; 
a n d in t h e o t h e r case, a c o m p o u n d of t h e d i - a n d t r i -ox ides . T h e ex i s tence of t h e 
d iox ide of c h r o m i u m is n o t so unequ ivoca l ly e s t ab l i shed a s t h e d iox ides of m o l y b ­
d e n u m , t u n g s t e n , a n d u r a n i u m ; a n d t h e p e r o x i d e b e h a v e s as if i t were a c o m p o u n d 
of t h e t r i - a n d sesqui-oxide . Th ree m e m b e r s of t h e g r o u p — m o l y b d e n u m , t u n g s t e n , 
a n d u r a n i u m — a r e closely ana logous in t h e n a t u r e of t h e oxides fo rmed, b u t 
c h r o m i u m differs in m a n y w a y s f rom t h e o thers—e .g . in t h e u n s t a b i l i t y of c h r o m i c 
t r iox ide , a n d t h e f o r m a t i o n of n o chlor ide h ighe r t h a n CrCl3 . 

A . Moberg 2 o b t a i n e d c h r o m i u m m o n o x i d e , or c h r o m o u s ox ide , CrO, b y t h e 
ac t i on of h y d r o g e n or t h e v a p o u r of a lcohol o n r e d - h o t c h r o m i c oxide , a n d b y 
h e a t i n g c h r o m o u s chlor ide w i t h s o d i u m c a r b o n a t e or ca l c ium ox ide . I t w a s also 
s imi la r ly o b t a i n e d b y L*. Clouet , a n d E . M. Pe l igo t . J . F e r e e o b t a i n e d t h e ox ide 
b y t h e decompos i t i on of c h r o m i u m - a m a l g a m in a i r . T . D i e c k m a n n a n d O. H a u f 
sa id t h a t t h e oxide is m o s t c o n v e n i e n t l y m a d e b y t h e a c t i o n of di l . n i t r i c ac id o n 
c h r o m i u m a m a l g a m ; t h e m e r c u r y passes i n t o soln. , c h r o m o u s ox ide r e m a i n s as a 
b l a c k powder . H y d r o g e n a t ICXX)0 r educes c h r o m o u s ox ide t o t h e m e t a l . Accord ­
ing t o J . Eeree , w h e n t h e b l a c k p o w d e r is t r i t u r a t e d in a m o r t a r , i t oxidizes a n d 
glows, forming ch romic oxide , a n d l ikewise also w h e n h e a t e d in a i r . I t is inso luble 
in di l . n i t r i c or su lphur ic ac id , a n d i t r e a c t s w i t h hyd roch lo r i c ac id fo rming a b lue 
soln. , a n d giving off h y d r o g e n . C a r b o n d iox ide a t 1000° c o n v e r t s i t i n t o a 
m i x t u r e of ch romic oxide a n d ca rb ide . T h e c o n s t a n c y of t h e a n a l y t i c a l d a t a 
b y J . Ee r£e f avour s t h e a s s u m p t i o n t h a t i t is n o t a m i x t u r e of c h r o m i u m a n d 
c h r o m i c ox ide . 

If air-free a q . soln. of c h r o m o u s chlor ide be t r e a t e d w i t h a n air-free soln. of 
p o t a s s i u m h y d r o x i d e , A . Moberg found t h a t a ye l low p r e c i p i t a t e of c h r o m o u s 
hydroxide , C r (OH) 2 , is fo rmed . I t shou ld b e w a s h e d w i t h air-free w a t e r i n a n 
a t m . of h y d r o g e n , or c a r b o n d ioxide , a n d d r i ed ove r s u l p h u r i c ac id . I t is t h e n 
d a r k b r o w n . I t is s t ab l e i n d r y air , b u t decomposes w h e n h e a t e d : 2 C r ( O H ) 2 
— C r 3 O 8 - + - H 2 O + H 2 ; i t d issolves s lowly in cone , ac ids w h e n freshly p r e c i p i t a t e d 
a n d d r i ed ; b u t v e r y l i t t l e dissolves in di l . ac ids ; a n d v e r y l i t t le in boi l ing a q u a 
reg ia . T h e soln. a r e g reen , a n d c o n t a i n t e r v a l e n t c h r o m i u m because , s a id 
A . Moberg , c h r o m i u m s e p a r a t e s a s t h e h y d r o x i d e dissolves . F . All ison a n d 
E . J . M u r p h y s t u d i e d t h e m a g n e t o - o p t i c p r o p e r t i e s . 

T h e sa l t s of t h i s ba se , c h r o m o u s sa l t s , a r e o b t a i n e d b y r e d u c i n g c h r o m i c s a l t s — 
vide infra* c h r o m o u s s u l p h a t e or ch lo r ide . T h e a q . soln . a r e r ed , b lue , o r ye l low. 
T h e c h r o m o u s sa l t s r e a d i l y d e c o m p o s e in t h e p resence of wa te r , f o rming c h r o m i c sa l t s 
a n d h y d r o g e n ; a n d h y d r o g e n is evo lved w h e n t h e a q . soln . a r e bo i l ed o r t r e a t e d w i t h 
p l a t i n i zed p l a t i n u m . R . P e t e r s s a id t h a t h y d r o g e n is l i b e r a t e d i n t h e o x i d a t i o n 
b e c a u s e a c h r o m o u s sa l t soln . h a s a h ighe r p o t e n t i a l t h a n h y d r o g e n w h e n i n ac id ic 
soln . T h e r eac t i on w a s s t u d i e d b y ~R. S t a h n . N o h y d r o g e n d iox ide w a s o b s e r v e d b y 
W . M a n c h o t a n d J . H e r z o g t o be f o r m e d d u r i n g t h e o x i d a t i o n of c h r o m o u s sa l t s hy 
a t m . o x y g e n ; a n d t h e a m o u n t of o x y g e n a b s o r b e d is s imp ly t h a t r e q u i r e d for t h e 
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o x i d a t i o n . H e n c e i t is in fer red t h a t t h e o x i d a t i o n p roceeds d i r ec t ly . Accord ing 
t o W . M a n c h o t a n d O. Wi lhe lms , t h e p r i m a r y ox ide f o r m e d i n t h e o x i d a t i o n of 
t h e s e sa l t s is a pe rox ide , s a y CrO 2 , b ecause in t h e p re sence of a n a c c e p t o r — s a y 
a lcohol , o r p o t a s s i u m a r s e n i t e — w h i c h is s i m u l t a n e o u s l y oxid ized , t w o eq . of o x y g e n 
a r e a b s o r b e d for e a c h eq . of c h r o m o u s ox ide . J . P i c c a r d f o u n d t h a t in t h e a u t o x i -
d a t i o n of n e u t r a l o r ac idic soln . of c h r o m o u s sa l t s , c h r o m i c ac id a n d c h r o m i c sa l t s 
a r e fo rmed . I n t e r m e d i a t e p r o d u c t s , s t a b l e for a m e a s u r a b l e per iod , a r e f o r m e d — 
vide infra, c h r o m o u s ch lor ide . T h e r e is first, t h e eas i ly d e c o m p o s e d h y p o t h e t i c a l 
ox ide , r e p r e s e n t e d b y ( H O ) 2 C r . O . O . C r ( O H ) 2 , w h i c h a c t s o n p o t a s s i u m iod ide in 
a l m o s t n e u t r a l soln. I t d e c o m p o s e s i n t o t h e labi le ox ide C r O ( O H ) 2 b y a u n i m o l e -
cu l a r r eac t i on . Th i s ox ide in t h e a b s e n c e of p o t a s s i u m iodide fo rms c h r o m i c ac id , 
b u t in t h e p re sence of p o t a s s i u m iod ide , i t is r e d u c e d m o r e r a p i d l y t h a n i t c a n form 

c h r o m i c ac id . T h e n e x t ox ide , ( H O ) 2 C r < ^ , is r e d u c e d b y p o t a s s i u m iodide in 

w e a k l y ac id ic soln . w i t h i n t w o m i n u t e s . W . T r a u b e a n d W . L a n g e found t h a t 
w i t h c h r o m o u s h y d r o x i d e , oxal ic , h y d r o c y a n i c , a n d t h i o c y a n i c ac ids a r e c o n v e r t e d 
i n t o glycoll ic ac id , m e t h y l a m i n e , a n d h y d r o g e n s u l p h i d e , r e s p e c t i v e l y . Azides a n d 
a z o i m i d e i n s t a n t a n e o u s l y y ie ld n i t r o g e n a n d a m m o n i a . Ch lo roace t i c ac id is con­
v e r t e d i n t o ace t i c ac id , wh i l s t b e n z a l d e h y d e y ie lds benzy l a lcohol—vide infra, 
c h r o m o u s ch lor ide . 

!R. Bixnsen 3 r e p o r t e d a n o x i d e 2 C r C C r 2 O 8 , o r 3 C r C C r 2 O 3 , t o b e f o r m e d in t h e elec­
t r o l y s i s of so ln . of c h r o m i c s a l t s vide supra, t h e e l e c t r o l y t i c p r e p a r a t i o n of c h r o m i u m . 
T h e b l a c k , a m o r p h o u s p o w d e r g lows -when h e a t e d i n a i r f o r m i n g g r e e n c h r o m i c o x i d e ; 
i t is i n so lub l e i n a c i d s . A . G e u t h e r c o u l d n o t p r e p a r e a n o x i d e of t h i s c o m p o s i t i o n ; a n d 
J . F e r 6 e o b t a i n e d a b l a c k p o w d e r w i t h s i m i l a r p r o p e r t i e s , b u t w i t h t h e c o m p o s i t i o n 
C r 2 O 8 - H 2 O , i n h i s s t u d y of t h e e l ec t ro lys i s of so ln . of c h r o m i c ch lo r ide . 

Accord ing t o E . M. Pe l igo t , 4 w h e n a n air-free a q . soln. of c h r o m o u s chlor ide is 
t r e a t e d w i t h air-free a lka l i - lye i n a n i n e r t a t m . , t h e b r o w n p r e c i p i t a t e wh ich is 
f o r m e d g r a d u a l l y in t h e cold, r a p i d l y w h e n boi led , decomposes , h y d r o g e n is evo lved , 
a n d a r e d d i s h - b r o w n h y d r a t e of c h r o m o s i c ox ide , o r c h r o m i u m tri tatetraoxide, 
Cr 3 O 4 , o r CrO-Cr 2 O 3 , is f o rmed . Th i s c a n be w a s h e d w i t h boi l ing w a t e r , a n d d r i ed 
in v a c u o . Acco rd ing t o A . Moberg , a n d Gk B a u g e , i t is a trihydrate, w h e r e a s 
E . M. P e l i g o t sa id t h a t i t is a monohydrate. Gr. B a u g e cou ld n o t m a k e t h e m o n o -
h y d r a t e , b u t he o b t a i n e d t h e t r i h y d r a t e , C r 3 O 4 . 3 H 2 O , b y t r e a t i n g c h r o m o u s 
c a r b o n a t e w i t h a lka l i c a r b o n a t e in boi l ing w a t e r whi le p r o t e c t e d f rom ai r . T h e 
b r o w n p o w d e r loses w a t e r w h e n h e a t e d , a n d i t suffers a u t o x i d a t i o n : 2 C r 3 O 4 + 2 H 2 O 
= 3 C r 2 0 3 - f - H 2 + H 2 0 . Acco rd ing t o GL B a u g e , w h e n d r i e d in v a c u o a t 100°, t h e 
ye l lowish-b rown p o w d e r h a s a s p . g r . 3*49. I t is c o n v e r t e d i n t o ch romic ox ide 
b y t h e a c t i o n a t 250° of w a t e r - v a p o u r , h y d r o g e n ch lor ide , o r a n i n e r t gas , h y d r o g e n 
be ing evo lved ; i t is a lso d e c o m p o s e d b y ch lor ine a t a du l l r e d - h e a t , g iv ing c h r o m y l 
chlor ide , w a t e r , a n d h y d r o g e n ch lor ide . A l t h o u g h s t a b l e i n d r y a i r a t t h e o r d i n a r y 
t e m p . , i t is r a p i d l y ox id ized t o c h r o m i c ox ide in p resence of w a t e r or w h e n h e a t e d ; 
b y h y d r o g e n su lph ide , i t is c o n v e r t e d a t a s o m e w h a t e l e v a t e d t e m p , i n t o a c rys ta l l ine 
su lph ide , wh i l s t i t r a p i d l y r educes di l . su lphu r i c ac id a t 40° , h y d r o g e n su lph ide 
be ing evo lved if a l a rge q u a n t i t y of t h e ox ide is e m p l o y e d . W h e n t h e l a t t e r is 
d isso lved i n cone , h y d r o c h l o r i c acid , a i n i x t u r e of c h r o m o u s a n d ch romic chlor ides 
is fo rmed . 
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§ 9. Chromic Oxide 
C h r o m i u m oxidizes w h e n h e a t e d in air t o fo rm c h r o m i u m hemitr iox ide , 

c h r o m i u m s<*squioxide, or chromic oxide , C r 2 O 3 ; ch romic ox ide is also p r o d u c e d 
b y calcining the hydrox ide—v ide supra, t h e e x t r a c t i o n of c h r o m i u m . T h e ana lys i s 
of J . J . Berzel ius x cor responds w i t h t h i s fo rmula ; a n d i t is u s u a l l y s u p p o s e d t o b e 
cons t i t u t ed O = C r — O — C r = O ; a l t h o u g h A. T. C a m e r o n a s s u m e d t h e fo rmu la t o b e 
Cr^=0 3 ^=Cr . I J . N . Vauquel in , H . Moser, J . Persoz , a n d J . B . TromTpsdorff o b t a i n e d 
th i s oxide b y hea t ing mercur ic chrorna te ; i t h a s a fine g reen colour if ca lc ined 
o u t of c o n t a c t w i th air, b u t i t h a s a b r o w n colour w h e n h e a t e d whi le exposed t o 
air . A. Maus ob ta ined i t b y h e a t i n g a m m o n i u m c h r o m a t e ; A. A. H a y e s , a m m o n i u m 
d i c h r o m a t e : ( N H 4 J 2 C r 2 O 7 = 4 H 2 0 + N 2 + C r 2 O 8 ; J . L . Lassa igne , a n d H . Moser , 
a m i x t u r e of po t a s s ium c h r o m a t e a n d su lphur , a n d e x t r a c t i n g t h e soluble p r o d u c t s 
w i t h w a t e r ; G. C W i t t s t e i n , H . C. R o t h , a n d E . Die te r ich , a m i x t u r e of p o t a s s i u m 
d i c h r o m a t e a n d su lphu r ; F . Wohle r , a m i x t u r e of p o t a s s i u m d i c h r o m a t e , 
a m m o n i u m chloride, a n d sod ium c a r b o n a t e ; R . T. M. y L u n a , G. B . F r a n k f o r t e r 
a n d co-workers , a m i x t u r e of p o t a s s i u m d i c h r o m a t e a n d a m m o n i u m c h l o r i d e ; 
a n d A. L . D . d 'Ar ian , a lkal i c h r o m a t e a n d a m m o n i u m s u l p h a t e . Accord ing t o 
V. H . R o e h r i c h a n d E . V. Manuel , t h e r eac t i on be tween a m m o n i u m chlor ide a n d 
p o t a s s i u m d i c h r o m a t e , usua l ly symbol ized b y R . T. M. y Lama 's e q u a t i o n 2 N H 4 C l 
+ K 2 C r 2 0 7 = C r 2 0 3 + 2 K C l + 4 H 2 0 + N 2 , va r ies w i t h t h e t e m p , a t which t h e m i x t u r e 
is h e a t e d a n d t h e re la t ive p r o p o r t i o n s of t h e c o n s t i t u e n t s of t h e m i x t u r e . T h e 
first visible sign of change occurs a t 210° w h e n t h e m i x t u r e becomes ye l lowish-brown 
owing to t h e fo rmat ion of a c h r o m i u m dioxide ; a t 260°, a s la te-coloured res idue is 
o b t a i n e d which w h e n l ix iv ia ted w i t h w a t e r gives green ish-b lack c rys t a l s of a 
h y d r a t e d chromic oxide . A t 370°, w i t h a n excess of a m m o n i u m chlor ide, c h r o m i u m 
chlor ide a n d a m m o n i a a re fo rmed ; w i t h t h e po t a s s ium d i c h r o m a t e in excess a 
b lack res idue m i x e d w i t h u n c h a n g e d d i c h r o m a t e is formed. Under different 
cond i t i ons chlor ine , n i t r i c ox ide , n i t r ogen pe rox ide a n d c h r o m i u m n i t r ide m a y be 
fo rmed a s b y - p r o d u c t s . C. H . B i n d e r o b t a i n e d c h r o m i c ox ide b y h e a t i n g a m i x t u r e 
of p o t a s s i u m d i c h r o m a t e a n d s t a r c h ; C H . H u m p h r i e s , f rom a m i x t u r e of c h r o m i u m 
t r i ox ide a n d b a r i u m h y d r o x i d e . R . B o t t g e r inf lamed a m i x t u r e of picr ic acid, p o t a s ­
s i u m d i c h r o m a t e , a n d a m m o n i u m chlor ide ; H . SchofFer inf lamed a m i x t u r e of s o d i u m 
d i c h r o m a t e a n d glycerol ; W . C a r p m a e l h e a t e d a n aq . soln. of a n a lkal i c h r o m a t e 
a n d a n o rgan ic r educ ing a g e n t — s u g a r , s a w d u s t , e t c . — a b o v e 110°, u n d e r p ress . ; 
a n d E . A . G. S t r e e t o b t a i n e d i t as a p r o d u c t in t h e electrolysis of a soln. of a n a lka l i 
c h r o m a t e w i t h a m e r c u r y c a t h o d e . F . Wohle r , a n d J . F . Pe r soz found t h a t t h e 
c rys t a l l ine ox ide is fo rmed w h e n c h r o m y l chlor ide is d e c o m p o s e d b v h e a t ; 
W . P . E v a n s , w h e n c h r o m y l fluoride is h e a t e d ; E . F r e m y , w h e n l i e a t e d p o t a s s i u m 
c h r o m a t e is d e c o m p o s e d b y chlor ine ; W . Muller , w h e n p o t a s s i u m c h r o m a t e a t a 
r e d - h e a t is d e c o m p o s e d b y h y d r o g e n ch lor ide ; V. K l e t z i n s k y , w h e n p o t a s s i u m 
c h l o r o c h r o m a t e is m e l t e d ; J . C. Gente le , w h e n p o t a s s i u m d i c h r o m a t e is d e c o m p o s e d 
a t a h i g h t e m p . ; R . O t t o , w h e n p o t a s s i u m d i c h r o m a t e is d e c o m p o s e d b y h y d r o g e n 
a t a n e l e v a t e d t e m p . ; A , D i t t e , a n d H . Schiff, w h e n p o t a s s i u m d i c h r o m a t e is 
d e c o m p o s e d b y fusion w i t h s o d i u m chlor ide ; a n d M. P r u d ' h o m m e , w h e n p o t a s s i u m 
d i c h r o m a t e is h e a t e d w i t h t i n . C rys t a l s of c h r o m i c ox ide a r e of ten p r o d u c e d a s a 
k i n d of s u b l i m a t e w h e n m i x t u r e s Conta in ing c h r o m i c ox ide a r e h e a t e d i n closed 
vesse ls i n p o t t e r y o v e n s , E . W y d l e r , a n d Gf. U\ C. F r i c k also desc r ibed t h e p*epa ra -
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t i o n of t h e ox ide ; a n d W . P . B l a k e a n d W . H . Miller o b s e r v e d i t s f o r m a t i o n a s a 
fu rnace p r o d u c t . C. U l lg ren o b t a i n e d c ry s t a l s of t h e ox ide b y decompos ing 
p o t a s s i u m d i c h r o m a t e m i x e d w i t h oil, o r a m m o n i u m ch lo r ide a n d t h e n ra i s ing t h e 
t e m p , t o a w h i t e - h e a t . V. K o h l s c h u t t e r a n d J . L . Ti ischer o b t a i n e d h igh ly d i spe r sed 
or a n aerosol of c h r o m i c ox ide b y v a p o r i z i n g t h e ox ide i n t o a c h a m b e r w h e r e i t is 
s u d d e n l y chi l led. 

The physical properties of chromic oxide.—The colour of amorphous chromic 
oxide is b r i g h t g r een if i t h a s b e e n ca lc ined in a r educ ing a t m . , a n d i t m a y 
acqu i r e a b r o w n t i n g e in a n ox id iz ing a t m . T h e t i n t of c o m m e r c i a l ox ides 
var ies f rom brownish -g reen , t o grey ish-green , t o ol ive-green t o b r i g h t g rass -
green . Th i s m a y b e d u e t o p a r t i a l c rys t a l l i za t ion ; t o t h e grain-s ize of t h e 
p o w d e r ; a n d t o t h e p re sence of t r a c e s of i m p u r i t y a s a r e su l t of wh ich t h e 
colour of a c h r o m a t e m a y b e s u p e r p o s e d on t h a t of t h e ch rome-green . T h e 
a m o r p h o u s c h r o m i c ox ide o b t a i n e d f rom a m m o n i u m d i c h r o m a t e is a v o l u m i n o u s , 
t e a - g r e e n p o w d e r . A v e r y t h i n s u b l i m a t e of c h r o m i c ox ide is red , a n d th i s p r o b a b l y 
exp la ins t h e co lpur of t h e c h r o m e - t i n p i n k , 1 . 46, 33 ; a n d of t h e r u b y , 5 . 33 , 10. 
K. K l e m m found a r e l a t i onsh ip b e t w e e n t h e p r o p o r t i o n of c h r o m i u m in spinel , 
c o r u n d u m , s p o d u m e n e , be ry l , ch rysobe ry l , t o p a z , a n d z i rcon a n d t h e d e p t h of 
colour . I n all b u t z i rcon, c h r o m i u m rep laces a l u m i n i u m , a n d in z i rcon, i t m a y 
rep lace silicon or z i r con ium. Sma l l q u a n t i t i e s of v a n a d i u m m a y t a k e t h e p lace 
of c h r o m i u m . B l a c k c h r o m i c ox ide , insoluble in ac ids , w a s o b t a i n e d b y TJ. Godefroy 
b y h e a t i n g t h e h y d r a t e , C r 2 O 3 - S H 2 O ; a n d b y E . A. W e r n e r , b y h e a t i n g t h e suc­
c ina t e . Acco rd ing t o O. H a u s e r , t h e p l a y of colours of t h e v a r i e t y of c h r y s o b e r y l 
called alexandrite is p r o d u c e d b y a smal l t r a c e of c h r o m i c oxide . I h a v e ev idence 
t h a t t h e colour of c h r o m e - t i n p i n k or c r i m s o n — p r o d u c e d b y a t r a c e of c h r o m i c 
oxide on s t a n n i c ox ide a s m o r d a n t — p r o b a b l y r ep re sen t s t h e colour of t h e h igh ly 
d ispersed c h r o m i c ox ide . T h e colour c a n b e p r o d u c e d b y depos i t ing t h e v a p o u r of 
ch romic ox ide o n s t a n n i c ox ide o r o n a l u m i n a . Accord ing t o A . D u b o i n a n d o the r s , 
t h e colour of t h e r u b y is d u e t o t h e p resence of ch romic o x i d e — 5 . 33 , 10. T h e 
red colour of t h e so-cal led c h r o m e - t i n c r imson is t h u s e q u i v a l e n t t o t h e c r imson 
a n d p u r p l e co lour of t h e p u r p l e of cassius w h e r e colloidal gold is d i spersed on t h e 
s a m e m o r d a n t ; a n d also e q u i v a l e n t t o t h e coppe r red—rouge flambe—where 
p r e s u m a b l y col loidal coppe r is depos i t ed on t h e s a m e m o r d a n t . T h e c h r o m e - t i n 
c r imson h a s been d iscussed b y H . A . Seger, F . R h e a d , A. S. W a t t s , K . C. P u r d y 
a n d co-workers , W . A. H u l l , W . A . L e t h b r i d g e , L . P e t r i k , a n d T. Leykauf—v ide 
infra, s t a n n i c c h r o m a t e . C. W . Sti l lwell sa id t h a t t h e r ed colour of rub ie s is n o t 
due t o col loidal ch romic ox ide ; t h a t i t is n o t d u e t o h ighe r or lower oxides of 
c h r o m i u m ; n o r t o v a r i a t i o n s in t h e p r o p o r t i o n of c h r o m i c oxide p r e s e n t . H e 
a s s u m e d t h a t t h e r e d co lour is d u e t o a second modif ica t ion of c h r o m i c oxide , of 
t h e s a m e c r y s t a l s t r u c t u r e a s t h e g reen modi f ica t ion a n d a l p h a a l u m i n a , whose 
ax ia l r a t i o is n e a r e r t o t h a t of a l p h a a l u m i n a t h a n is t h e ax ia l r a t i o of t h e green 
modif ica t ion . Therefore , t h e r ed modif ica t ion t e n d s t o fo rm w h e n ch romic oxide 
is a d d e d t o a l p h a a l u m i n a a n d does fo rm u n d e r o r d i n a r y cond i t ions u p t o a ce r t a in 
po in t , b e y o n d w h i c h t h e effect of t h e a l u m i n a is n o t s t r o n g e n o u g h t o s tabi l ize i t . 
The occur rence of t h e r e d or g r een modif ica t ion d e p e n d s o n t h e v a l u e of t h e ax ia l 
r a t i o of t h e m i x e d c r y s t a l . T h e r e is a d i s con t i nu i t y in t h e c h a n g e of t h e ax ia l 
r a t i o w i t h c h a n g e in c h r o m i c ox ide c o n t e n t w h e n one modif ica t ion c h a n g e s t o t h e 
o the r . T h e r e is a lso a m a r k e d difference in t h e ax ia l r a t i o of a m i x e d c r y s t a l 
c o n t a i n i n g t h e r e d f o r m of c h r o m i c ox ide a n d a c rys t a l c o n t a i n i n g t h e s a m e a m o u n t 
of ch romic ox ide i n t h e g reen form. Th is change in ax ia l r a t i o m a y be affected in 
t w o different ways—e .g . b y v a r y i n g t h e p r o p o r t i o n of ch romic oxide , or b y v a r y i n g 
t h e n a t u r e of t h e a t m . i n w h i c h t h e m i x t u r e is fused. 

L . B l a n c s h o w e d t h a t t h e b lue , a m o r p h o u s oxide , wh ich he des igna tes a—Cr2O3, 
is r a p i d l y t r a n s f o r m e d i n t o t h e green , c rys ta l l ine o x i d e — / J - C r 2 O 3 — a t 700°. L.. B l a n c 
a n d G. C h a u d r o n a d d e d t h a t t h e e x o t h e r m a l passage of t h e b lue , p r e c i p i t a t e d 
a—Cr2O3 t o o l ive-green ^S-Cr2O3 , occurs a t 500° in a i r a n d a t 750° in v a c u o . T h e b lue 

vox., x i . N 
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oxide absorbs oxygen r ap id ly a t 200°, fo rming CrO 2 a n d C r 6 O 9 . B o t h t he se form 
0 - O r 2 O 8 a n d a b lack oxide a t 440°, a n d if k e p t severa l h o u r s a t 350°, a l a rge r p r o ­
po r t i on of t h e b lack oxide is formed. I t is decomposed a t 450°-500° y ie ld ing 
0 - C r 2 O 3 . Guigne t ' s green, or finely d iv ided 0 - C r 2 O 3 , g ives t h e b l ack ox ide on 
ox ida t ion . Hence the re are t w o oxides of t h e fo rmula C r 6 O 9 w i t h a t r a n s i t i o n t e m p . 
If t he a m o r p h o u s chromic oxide be h e a t e d in a gas-b lowpipe , a n d cooled, E . F r e m y , 
a n d M. Z. Jov i t s ch i t s ch sa id t h a t t h e p r o d u c t is c rys ta l l ine ; a n d H . Moissan, a lso , 
b y h e a t i n g t he oxide in t h e electr ic a rc- furnace . T . S ido t c rys ta l l i zed t h e ox ide b y 
hea t i ng i t in a c u r r e n t of o x y g e n ; J . J . E b e l m e n , b y s t rong ly h e a t i n g i t w i t h ca lc ium 
c a r b o n a t e a n d boric oxide ; a n d P . Ebe l l , b y dissolving t h e oxide in m o l t e n glass 
a t a high t e m p . — t h e oxide crysta l l izes o u t as t h e glass is s lowly cooled. 

Crys ta l l ine ch romic oxide forms lus t rous b l ack crystals , or a green powder . 
Accord ing t o G. Str i iver , t h e t r igona l c rys ta l s h a v e t h e ax ia l r a t i o a : c—1 : 1-3770, 
a n d a =^85° 22 ' . T h e c rys ta l s were also e x a m i n e d b y G. Rose , W . H . Miller, 
W . P . BJake, a n d J . J . E b e l m e n . T h e c l eavage on t h e (lOO)-face is well-defined. 
According t o G. Rose , t h e c rys ta l s a re i somorphous w i t h t h e co r r e spond ing 
a l u m i n i u m a n d ferric oxides . W . P . D a v e y found t h a t t h e X-radlOgrams cor re ­
spond wi th a d i a m o n d la t t i ce excep t t h a t t h e cube is s t r e t c h e d a long i t s b o d y -
d iagona l . T h e side of t h e u n i t t r i ang le is 4-745 A. ; a n d t h e h igh ax ia l r a t i o , 2-764, 
is exp la ined b y as suming a h e x a h e d r a l molecule cons is t ing of a n equ i l a t e r a l t r i a n g l e 
of o x y g e n wi th a meta l a t o m i m m e d i a t e l y a b o v e a n d be low t h e cen t r e of t h e t r i a n g l e ; 
t h e r e a re t h r e e molecules per u n i t p r i s m — 5 . 33 , 10. W . H . Z a c h a r i a s e n m a d e 
obse rva t i ons on th i s subjec t a n d o b t a i n e d for t h e ax ia l r a t i o a : C=1 : 1-374 ; a n d 
for t h e p a r a m e t e r r — 5-35 A. X*. Passe r in i gave for t h e h e x a g o n a l cell a—4-950 A., 
c = 6 - 8 0 6 A. ; w i th a : c = l : 1-374, v^ 143-4 X 1 0 ~ 2 4 e . c , a n d d e n s i t y 5-283 ; a n d for 
t h e r h o m b o h e d r a l cell, a = 5 - 3 8 A., and a , = 5 4 ° 50 ' ; whi ls t P . E . W r e t b l a d g a v e for 
t h e h e x a g o n a l cell, « = 4 - 9 4 9 A., c—13-57 A., a : c = l : 2-7412, a n d O L = 5 5 ° 1 1 ' . 
L . Passer in i , a n d V. M. Goldwchmidt a n d co-workers s tud ied t h e solid soln. w i t h 
a l u m i n a , a n d w i t h ferric ox ide (q.v.). W . Miiller sa id t h a t t h e ox ide p r e p a r e d b y 
r e d u c i n g p o t a s s i u m c h r o m a t e w i th d r y — n o t m o i s t — h y d r o g e n ch lor ide is q u i t e 
different f rom t h e o r d i n a r y oxide, be ing greyish-green, composed of t ube - l i ke 
p l a t e s of t h e h a r d n e s s of g r aph i t e . 

F . W o h l e r found t h e specific gravity of t h e c rvs ta l l ine ox ide t o b e 5-21 ; 
L,. P lay fa i r a n d J . P . Joi i le gave 4-909 ; H . Schroder , 5-010 ; H . SchifT, 6-2 ; 
W . A. R o t h a n d G. Becker , 5-20 t o 5-21 a t 21° ; a n d E . W e d e k i n d a n d C. H o r s t , 
5-21 ; Xi. B l a n c found t h a t t h e oxide ca lc ined from 500° t o 800° h a s a sp . gr. 5-033 ; 
a t 820°, 5 -110 ; a t 1080°, 5 -130 ; a n d w h e n fused, 6-145. H . P . W a l m s l e y g a v e 
5-238 for t h e sp . gr . of t h e d i spersed oxide ; a n d W . H . Zachar i a sen , 5-25, ca l cu la t ed 
f rom t h e X - r a d i o g r a m d a t a . W . Bi l tz a n d co-workers found t h e mol . vo l . of 
c h r o m i c ox ide in t h e spinels t o b e 28-9. F . W o h l e r found t h a t c rys ta l l ine c h r o m i c 
ox ide h a s a hardness g r e a t enough for i t t o s c ra t ch q u a r t z , t o p a z , a n d h y a c i n t h ; 
a n d G. Rose , a n d W . P . B lake found t h a t i t is a s h a r d as c o r u n d u m . O. Ruff 
a n d A. R i e b e t h d iscussed t h e p last ic i ty of m i x t u r e s of t h e ox ide w i t h wa te r , e t c . 

H . V. R e g n a u l t g a v e 0-1796 for t h e specific hea t ; F . E . N e u m a n n , 0-196 ; a n d 
H . K o p p , 0-177 for t h e c rys ta l l ine ox ide . A. S. Russe l l found 0-0711 for t h e sp . h t . 
b e t w e e n —191° a n d —80-3° ; 0-1474, b e t w e e n —76-5° a n d 0° ; a n d 0-1805, b e t w e e n 
2-6° a n d 49-3° a n d for t h e mo lecu lar h e a t , 10-81 a t —136° ; 22-40 a t —38° ; a n d 
27-4 a t 26°. J . M a y d e l d iscussed some re l a t ions of t h e s p . h t . J . J . Berze l ius , 
H . Moissan , a n d J . Weise obse rved t h a t t h e p r e c i p i t a t e d h y d r a t e d ox ide e x h i b i t s 
ca lorescence w h e n h e a t e d — v i d e a l u m i n a , 6. 3 3 , 1 0 — a n d a t t h e s a m e t i m e b e c o m e s 
dense r , a n d less soluble in ac ids . W . G. Mix t e r sa id t h a t t h e g lowing occurs 
b e t w e e n 500° a n d 610°. J . J . Berze l ius , L . Woh le r , a n d K . E n d e l l a n d R . R i e k e 
g a v e 500° ; H . Ie Chate l ie r , 900° ; X,. B l a n c , 550° t o 600° ; G. R o t h a u g , 420° 
t o 680° , a c c o r d i n g a s t h e p r e c i p i t a t e is p u l v e r u l e n t or g r a n u l a r — a n d h e a d d e d 
t h a t pa r t i c l e s m a y be p ro j ec t ed f rom t h e c ruc ib le a t t h i s t e m p . H . Moissan, 
H . Ie Chate l ie r , a n d W . G. M i x t e r r e g a r d e d t h e c h a n g e a s ev idence of t h e pa s sage 
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f rom o n e a l lo t rop ic fo rm t o a n o t h e r . Li. W o h l e r f o u n d t h a t t h e ca lorescence 
is i n d e p e n d e n t of t h e s u r r o u n d i n g a t m . a n d t h e h u m i d i t y . T h e t e m p , of calores­
cence is lowered b y inc reas ing t h e q u a n i t y of m a t e r i a l . W i t h 8 g r m s . of c h r o m i c 
oxide , t h e t e m p , i n d r y h y d r o g e n is 530°—550°, a l t h o u g h in a i r or o x y g e n i t 
begins a t 425° o n a c c o u n t of t h e e x o t h e r m a l d e c o m p o s i t i o n of t h e c h r o m i u m 
dioxide w h i c h is fo rmed . T h e ca lorescence is h i n d e r e d b y p r e c i p i t a t i o n w i t h 
a m m o n i a f rom soln . c o n t a i n i n g s u l p h a t e , a n d f avou red b y a low cone , of t h e c h r o m i c 
sa l t soln. Ti. W o h l e r a n d M. R a b i n o w i t s c h found t h a t t h e t h e r m a l v a l u e of t h e 
calorescence is 8 t o 11 ca ls . p e r g r a m a c c o r d i n g a s t h e oxide is p r e c i p i t a t e d f rom 
cone, or d i l . soln . T h e c h a n g e t o t h e s i n t e r e d ox ide b y ca lorescence is n e v e r com­
p le te . T h e ox ide f o r m e d w i t h t h e g r e a t e s t h e a t d e v e l o p m e n t is t h e b e s t a b s o r b e n t 
for tn -n i t robenzo ic ac id . M. S i ewer t s h o w e d t h a t t h e g lowing t e m p , d e p e n d s on 
t h e r a t e of h e a t i n g ; a n d L . W o h l e r , t h a t t h e g lowing is inc reased b y cond i t ions 
which f avou r hyd roso l f o r m a t i o n in t h e p r e p a r a t i o n of t h e h y d r a t e d ox ide ; a n d i t 
is g r e a t e r in p r o p o r t i o n t o t h e a d s o r p t i o n c a p a c i t y of t h e p r e c i p i t a t e . Th i s agrees 
w i t h t h e h y p o t h e s i s t h a t t h e p h e n o m e n o n is c o n n e c t e d w i t h t h e surface a r ea of t h e 
par t ic les , a n d is d u e t o a s u d d e n decrease in t h e l a rge surface of t h e ox ide p r e p a r e d 
b y p r e c i p i t a t i o n . J . R o h m found t h a t t h e X - r a d i o g r a m s of c h r o m i c ox ide before 
a n d af ter t h e ca lorescence s h o w e d t h a t t h e g lowing is a t t e n d e d b y t h e pas sage of 
t h e ox ide f rom t h e a m o r p h o u s t o t h e c rys ta l l ine s t a t e . E . D . Cla rk f o u n d t h a t 
ch romic ox ide m e l t s in t h e o x y - h y d r o g e n b lowp ipe f lame g iv ing off w h i t e fumes , 
b u t w i t h o u t r e d u c t i o n ; E . T iede a n d E . B i r n b r a u e r s t u d i e d t h e a c t i o n of h igh 
t e m p , on t h e ox ide . H . Moissan m e l t e d i t in t h e e lec t r ic fu rnace . C. W . K a n o l t 
gave 1990° for t h e m e l t i n g po int of ch romic ox ide . Li. E i sne r o b s e r v e d t h a t 
chromic ox ide vola t i l izes i n t h e porce la in o v e n s — p r e s u m a b l y a t 1500°—1600°. I 
h a v e no t i c ed ev idence of i t s vo la t i l i za t ion in p o t t e r y ovens a t as low a t e m p , a s 
1050° ; a n d C. Zengel is o b t a i n e d ev idence of i t s vo la t i l i za t ion a t o r d i n a r y t e m p . 
W . R . M o t t g a v e 3000° a s a n a p p r o x i m a t i o n t o t h e boi l ing point . F . B o r n cal­
cu l a t ed t h e d i ssoc iat ion pressure of ch romic ox ide a t 2000° t o be 3 m m . , a n d a t 
3000°, ove r 760 m m . H . v o n W a r t e n b e r g a n d S. A o y a r a a g a v e for t h e p a r t i a l 
press , of t h e o x y g e n a t 600° a n d 1130° r e spec t ive ly 2?o 2 =6-73 X 10~3 7 a n d 3 0 7 X 1 0 ~ 1 3 . 
W . G. M i x t e r g a v e for t h e h e a t of f ormat ion of c rys ta l l ine c h r o m i c ox ide (2Gr 5 I JO 2 ) 
= 2 6 7 - 8 Cals . ; for t h e s t a b l e a m o r p h o u s ox ide , 266 Cals. ; a n d for t h e u n s t a b l e 
oxide , 243 Cals . H . v o n W a r t e n b e r g g a v e 265;8 Cals. ; a n d W . A. R o t h a n d 
G. Becker , 2 8 8 0 Cals. H . v o n W a r t e n b e r g a n d S. A o y a m a ca l cu la t ed 279 Cals. 
The s u b j e c t "was d i scussed b y H . Coll ins. 

E . L . Nichols a n d B . W . Snow m e a s u r e d t h e reflecting power of ch romic o x i d e ; 
a n d M. Luck i e sh f o u n d t h a t for l i gh t of w a v e - l e n g t h A in /Lt : 

A . . 0 - 4 4 0*48 0 - 5 4 0 - 5 6 OCK) 0 - 6 4 0 - 7 0 
L i g h t g r e e n . IO 1 4 2 3 2O 11 0 t> p e r c e n t . 
M e d i u m g r e e n 7 10 17 1 3 7 0 0 p e r c e n t . 

W . W . Cob len t z f o u n d for t h e u l t r a - r e d reflect ing p o w e r : 
A 0-60 0-95 4-4 8-8 24-O/t 
Ref lect ing power 27 45 33 5 8 per cent . 

a n d f o r t h e u l t r a - r e d e m i s s i o n s p e c t r u m , h e o b t a i n e d f o r t h e d i f fuse r e f l e c t i n g 
p o w e r : 

A 0-54/x O-60/* O-95/x 4-4/u. 8-8/* 24-O/t 
E m i s s i o n . „ 24-1 27*0 46-4 32-9 5-O 8-2 

T h e r e s u l t s a r e i l l u s t r a t e d b y F i g . 1 5 , w h e r e t h e g r e e n o x i d e f u r n i s h e s a f a i r l y 
s m o o t h s p e c t r u m w i t h a p o s s i b l e m a x i m u m a t 5/x, a n d a d e p r e s s i o n a t 3-2^t. 
H . S c h m i d t - R e p s s t u d i e d t h i s s u b j e c t . G . L i e b m a n n f o u n d t h e e m i s s i v e p o w e r 
for v i s i b l e r e d - l i g h t b e t w e e n 1 2 0 8 ° K . a n d 2 0 0 0 ° K . d e c r e a s e s w i t h d e c r e a s i n g g r a i n -
s ize ; i t i s i n d e p e n d e n t of t e m p . ; a n d i n c r e a s e s r a p i d l y w i t h d e c r e a s i n g w a v e ­
l e n g t h — e . g . f o r g r e e n l i g h t . 
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oxy-hyd rogen flame. 

fieri tfrdf/gp Yellow Cree/t Blue MMeC 

F i o s . 13 and 14. Reflection. Spectra of 
Emerald-greon and Chrome-groen. 

A. Dufour examined t h e flame spec ixum ; K . S k a u p y , t h e h e a t r a d i a t i o n f rom 
t h e incandescen t oxide ; a n d W . N . H a r t l e y , t h e s p e c t r u m of t h e ox ide in t h e 

G. H . H u r s t showed t h a t w i th emera ld -g reen p i g m e n t n e a r l y 
all t h e green r a y s a r e reflected a n d on ly a 
smal l p r o p o r t i o n of o t h e r r a y s , F i g . 13 , 
whi le w i t h ch rome-green p i g m e n t , t h e g reen 
r a y s a re reflected n e a r l y i n t h e i r full in­
t ens i ty , F ig . 14, b u t t h e r e is also reflected 
a po r t ion of t h e red , b lue , a n d v io le t r a y s . 
H e n c e t h e deeper t o n e of ch rome-green in 
compar i son w i t h emera ld -g reen . T . Dre i sch 
s tud ied t h e u l t r a - r ed a b s o r p t i o n s p e c t r u m of 
glass coloured w i th c h r o m e ox ide . R . R o b l 
observed b u t a fa in t luminescence in u l t r a ­
violet l ight . H . S. P a t t e r s o n a n d R . W h y t -
Ia w-Gray s tud ied t h e pho topho re s i s of 
chromic oxide aerosols ; a n d R . W h y t l a w -
Gray a n d co-workers , a n d E . T h o m s o n 

found t h a t par t ic les exhibi t ing t h e B r o w n i a n m o v e m e n t form cha ins in a n 
e lec t ros ta t ic field. C. Doel ter observed no coagu la t ion in r a d i u m r a y s ; W . P . J o r -
r issen a n d H . W. W o u d s t r a also s tud ied t h e p h e n o m e n o n . J . Vrede found t h e 
oxide t o b e of no use as a radio-detector. 

E . Fr ieder ich ca lcula ted 2-9 X 1 0 9 for t h e electrical res is tance of a m e t r e of wire 
1 sq. m m . sect ion. According t o M. F a r a d a y , a n d L . F . Ni lson a n d O. P e t t e r s -

son, chromic oxide is m a g n e t i c . 
S. Meyer found t h e m a g n e t i c 
susceptibility to be X = 2 4 x l O — 5 

mass u n i t s a t 17° ; a n d E . Moles 
a n d F . Gonzalez , 2 6 2 X 1 0 - « . 
C o m p a r a t i v e m e a s u r e m e n t s were 
m a d e b y P . H a u s k n e c h t . E . W e d e -
k i n d a n d co-workers g a v e 25*97 
X 1 O - 1 m a s s u n i t s a t 16° ; L . B l a n c 
a n d G. C h a u d r o n found a n a b r u p t 
increase a t 880° followed b y a 
fall a t 900°. G. C h a u d r o n a n d 

H . Fo res t i e r obse rved t h a t t h e coefL of suscept ib i l i ty of calc ined chromic ox ide is 
g r e a t e r t h a n t h a t of t h e unca lc ined oxide . S. Veil s t ud i ed th i s subjec t . K . H o n d a 
a n d T. Sone g a v e : 

X X 10« 

The chemical properties of chromic oxide.—E. D. Clarke said that chromic 
ox ide is n o t decomposed b y t h e o x y h y d r o g e n blowpipe flame ; a n d J . J . Berze l ius 
f o u n d t h a t i t is n o t decomposed b y hydrogen a t a r ed-hea t . F o r t h e e lec t rox ida t ion 
of c h r o m i c oxide , vide ch romic acid, e t c . According t o R . S a x o n t r aces of chromic 
ac id a r e fo rmed b y t h e anod ic ox ida t ion of ch romic oxide in p u r e w a t e r ; t h e 
a d d i t i o n of m a n g a n e s e d ioxide t o t h e ch romic oxide increases s l ight ly the*yie ld 
of c h r o m i c ac id . M u c h m o r e r a p i d ox ida t ion ensues in t h e presence of ca lc ium or 
p o t a s s i u m h y d r o x i d e or b o t h . I n soln. of a lkal i chlorides con ta in ing a l i t t le 
c h r o m e - a l u m , ch romic ox ide is r a p i d l y oxidized a t t h e a n o d e t o ch romic ac id . 
K . F i s c h b e c k a n d E . E i n e c k e found t h a t powdered ch romic oxide is n o t pe rcep t ib ly 
r e d u c e d w h e n u s e d a s a n o d e i n t h e e lect rolys is of 2 pe r cent , su lphu r i c ac id . 
T h e a d s o r p t i o n of h y d r o g e n b y t h e Z n O - C r 2 O 3 c a t a ly s t was s tud i ed b y 
W . E . G a r n e r a n d F . E . T . K i n g m a n ; whi l s t O. Schmid t , a n d A. F . B e n t o n 
s t u d i e d t h e a d s o r p t i o n of h y d r o g e n b y ch romic oxide ; a n d also t h e a d s o r p t i o n 
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of o x y g e n . H . N . W a r r e n , a n d H . v o n W a r t e n b e r g f o u n d t h a t c h r o m i c ox ide is 
r e d u c e d t o t h e m e t a l b y h y d r o g e n a t 5 a t m , press . , a n d a t 2500° ; a n d B . N e w b e r y 
a n d J . N . P r i n g , b y h y d r o g e n a t 2000° a n d 150 a t m . p res s . H . v o n W a r t e n b e r g 
a n d S. A o y a m a f o u n d t h a t w h e r e a s i ron ox ides a r e r e d u c e d a t 1100° w h e n ^ H 2 0 / ^ ? H 2 
is a b o u t 1, t h i s r a t i o m u s t be a b o u t 0-001 for t h e r e d u c t i o n of c h r o m i c ox ide . H e n c e , 
s ince w a t e r is p r o d u c e d in t h e r e d u c t i o n , a n e n o r m o u s excess of h y d r o g e n wou ld b e 
n e e d e d t o r e d u c e a n y q u a n t i t y of c h r o m i c ox ide , a n d t h e r e is n o poss ib i l i ty of such 
a p rocess be ing used i n s t e a d of t h e a l u m i n o - t h e r m i c process for p r e p a r i n g c a r b o n -
free c h r o m i u m . T h e h e a t of r e a c t i o n c a l c u l a t e d f rom t h e s e resu l t s agrees w i t h t h e 
v a l u e for t h e h e a t of f o r m a t i o n of c h r o m i c ox ide f rom c h r o m i u m , a n d i t is in fe r red 
t h a t c h r o m o u s ox ide is n o t a n i n t e r m e d i a t e s t a g e a t t h e s e t e m p . (600—1400°)— 
vide supra, c h r o m i u m . H . Moissan f o u n d t h a t w h e n c h r o m i c ox ide is h e a t e d in 
o x y g e n t o a b o u t 440° , s o m e c h r o m i u m d iox ide is f o r m e d wh ich decomposes i n t o 
o r d i n a r y c h r o m i c ox ide a t a h ighe r t e m p . A c c o r d i n g t o Li. a n d P . W d h l e r , n o 
o x i d a t i o n occurs w h e n c h r o m i c ox ide is h e a t e d t o 1220°, a n d t h e y sugges t t h a t t h e 
f o r m a t i o n of h ighe r ox ides m u s t be a n e n d o t h e r m a l process t a k i n g p lace a t h igher 
t e m p . If c h r o m i c ox ide is h e a t e d a long w i t h p o t a s s i u m s u l p h a t e in a n a t m . of 
o x y g e n a t a b o u t 1000°, a n e q u i l i b r i u m p res s , is e s t ab l i shed , w h i c h increases w h e n 
t h e t e m p , is lowered , a n d decreases w h e n t h e t e m p , is r a i sed . Th i s is the re fore a 
case of e x o t h e r m i c d issocia t ion , a n d t h e e q u i l i b r i u m is p r o b a b l y : 2 K 2 S O 4 ^ - C r 2 O 3 
+ 3 0 ^ 2 K 2 S O 4 H - - 2 C r O 3 . T h e v a l u e of t h e e q u i l i b r i u m press , a t a n y t e m p , va r i e s 
w i th t h e q u a n t i t y of o x y g e n a l r e a d y abso rbed , p r o b a b l y because a t 1000° p o t a s s i u m 
s u l p h a t e is fused a n d k e e p s t h e c o m p l e x c o m p o u n d in soln. G. R o t h a u g found 
t h a t t h e f o r m a t i o n of c h r o m i c c h r o m a t e , 5Cr 2 O 3 +90^=^2Cr 2 (CrO 4 J 3 , is a m a x i m u m 
a t 300° a n d c a n be o b s e r v e d a t 100°. T h e r a t e of t h e o x i d a t i o n falls r a p i d l y t o 
400°, a n d a f te r t h a t p r o c e e d s s lowly . R . S c h w a r z a d d e d t h a t t h e ign i t ion of c h r o m i c 
oxide is b e s t c a r r i ed o u t in a p l a t i n u m crucib le s ince t h e r educ ing gases pa s s ing 
t h r o u g h t h e p l a t i n u m h i n d e r t h e f o r m a t i o n of t h e c h r o m i c c h r o m a t e , C r 5 O 1 2 -
Chromic ox ide is inso lub le in water—for t h e h y d r a t e s , vide infra. T h e ox ide w h i c h 
has n o t been h e a t e d a b o v e t h e t e m p , a t wh ich i t caloresces is m o r e chemica l ly a c t i v e 
t h a n o the rwise . T h u s , M. T r a u b e a n d o t h e r s showed t h a t t h e ch romic ox ide 
o b t a i n e d a t a low t e m p , dissolves s lowly, if a t all , in ac ids , b u t n o t so if t h e ox ide 
h a s b e e n h e a t e d t o a h igh t e m p . H . Ie Cha te l i e r g a v e 900° a s t h e t e m p , a t w h i c h 
ch romic ox ide b e c o m e s inso luble in ac ids . A . Mai l fer t o b s e r v e d t h a t o z o n e oxidizes 
ch romic ox ide . H . Moissan f o u n d t h a t a t 400°, m o i s t ch lor ine r e a c t s w i t h 
d r y c h r o m i c ox ide fo rming c h r o m y l ch lor ide ; a n d I t . W e b e r found t h a t if t h e ox ide 
h a s been d e h y d r a t e d be low t h e t e m p , of ca lorescence , i t is easi ly a t t a c k e d b y d r y 
chlor ine t o fo rm c h r o m y l ch lo r ide ; t h e ca lc ined ox ide is a t t a c k e d b y chlor ine a t a 
r e d - h e a t . If t h e c h r o m i c ox ide is m i x e d w i t h c a r b o n , a n d h e a t e d in a c u r r e n t of 
d r y ch lor ine , c h r o m i c ch lo r ide is f o rmed . H . Moissan obse rved t h a t t h e ca lc ined 
oxide is n o t a t t a c k e d b y ch lo r ine or b y b r o m i n e ; a n d J , Weise a d d e d t h a t t h e 
ca lc ined ox ide c a n be d issolved b y hydrofluoric ac id if a t r a c e of ch romic a n h y d r i d e 
is p r e sen t . K . F r e d e n h a g e n a n d G. C a d e n b a c h found c h r o m i c ox ide t o b e indifferent 
t o w a r d s hydrof luor ic ac id . T h e a t t a c k b y ch lor ine w a s s t u d i e d b y R . W a s m u t h . 
O. Ruff a n d H . K r u g f o u n d t h a t c h r o m i c ox ide is a t t a c k e d w i t h i ncandescence b y 
chlorine trifluoride. G. Gore observed t h a t liquid hydrogen chloride does not 
dissolve a n y c h r o m i c ac id d u r i n g 6 d a y s ' d iges t ion . 

J . L . Las sa igne , a n d K . B r u c k n e r f o u n d t h a t c h r o m i c ox ide is n o t a t t a c k e d b y 
sulphur v a p o u r a t a w h i t e - h e a t . H . Moissan obse rved t h a t t h e ox ide wh ich h a s 
no t b e e n h e a t e d t o a h i g h t e m p , fo rms c h r o m i c su lph ide w h e n h e a t e d t o 440° in a 
c u r r e n t of h y d r o g e n su lphide ; b u t t h e ca lc ined ox ide is n o t a t t a c k e d b y th i s gas . 
C. M a t i g n o n a n d F . B o u r i o n o b s e r v e d t h a t w h e n t h e ox ide is h e a t e d in a c u r r e n t of 
sulphur m o n o c h l o r i d e a n d chlor ine , c h r o m i c ch lor ide is f o rmed ; a n d R . D . H a l l 
o b t a i n e d a s imi la r p r o d u c t w i t h s u l p h u r monoch lo r ide a lone . F . B o u r i o n found 
t h a t t h e r e a c t i o n beg ins a t a b o u t 400° . G. D a r z e n s a n d F . B o u r i o n f o u n d t h a t 
thionyl chloride a t 400° a lso c o n v e r t s t h e ch romic ox ide i n t o t h e ch lor ide . I i . a n d 
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P . W o h l e r observed t h a t sulphur dioxide does n o t r educe t h e ox ide a t a r e d - h e a t ; 
a n d I i . a n d P . Wohle r a n d W . P l i i d d e m a n n s t u d i e d i t s c a t a l y t i c ac t ion in t h e ox i ­
d a t i o n of su lphur dioxide. H . P . C a d y a n d R . Taf t f ound t h e oxide t o b e insoluble 
in l iquid su lphur dioxide, while ch romic oxide which h a s been calc ined a t a h i g h 
t e m p , does n o t dissolve in sulphuric acid. J . Weise said t h a t if a t r a c e of c h r o m i c 
acid be present , chromic oxide passes in to soln. T. S a b a l i t s c h k a a n d F . Bu l l sa id 
t h a t fusion wi th s od ium pyrosulphate is t h e bes t w a y t o b r ing ign i t ed ch romic 
oxide in to soln. 

H . C. Wol ter ick found t h a t when a m i x t u r e of n i trogen a n d h y d r o g e n is p a s s e d 
over chromic ox ide a t 550°, a l i t t l e a m m o n i a is fo rmed, a n d , a c c o r d i n g t o 
H . N . W a r r e n , some n i t r ide as well ; O. S c h m i d t s t u d i e d t h e a d s o r p t i o n of 
n i t rogen b y ch romic oxide, a n d also of a m m o n i a . J . E . A s h b y f o u n d t h a t 
hea t ed chromic oxide favours t h e c o m b u s t i o n of a m m o n i a in a i r . D . Manegh in i 
s t ud i ed i t a s a ca t a ly s t in t h e ox ida t ion of a m m o n i a . F . E p h r a i m o b s e r v e d 
t h a t chromic oxide is a t t a c k e d b y sod ium amide. M. Z. J o v i t s c h i t s c h f o u n d 
t h a t ch romic oxide dissolves w h e n d iges ted for IO h r s . w i t h fuming or cone , n i tr ic 
acid ; t h e calcined oxide does n o t dissolve in n i t r i c ac id R . W e b e r found t h a t 
if s t rong ly hea ted wi th phosphorus pentachloride ch romic ox ide furn ishes t h e 
chlor ide . C. Liefevre s tudied the ac t ion of a lka l i a r s e n a t e s on c h r o m i c ox ide . 

J . J . Berzel ius found t h a t chromic oxide a t a w h i t e - h e a t is d e c o m p o s e d b y 
carbon ; a n d H . C. Greenwood a d d e d t h a t t h e r eac t ion begins a t a b o u t 1180°— 
vide supra, ch romium. R . K. Slade and G. I . H igson sa id t h a t t h e e q u i l i b r i u m press , 
of t h e oxide in con t ac t w i th ca rbon a t 1292° is 6-2 m m . , a n d a t 1339°, 9-2 m m . 
O. Heus l e r found t h a t t h e ca rbon monox ide press , b e t w e e n 1480° a n d 1801° increases 
from 18 t o 760 m m . The energy c o n s u m p t i o n for t h e l i be ra t ion of a m o l of c a r b o n -
m o n o x i d e is 52-8 CaIs. The equ i l ib r ium be tween 886° a n d 1096° is r e p r e s e n t e d b y 
log K=11 -375-11550p~i . J . F . Gmelin , F . Gobel, a n d I . L . Bel l o b s e r v e d t h a t 
ch romic oxide is n o t r educed b y carbon monox ide , a n d G. C h a r p y sa id t h a t t h i s 
g a s does n o t a c t on chromic oxide a t 1000°. K . C h a k r a v a r t y a n d J. G. Ghosh 
s t u d i e d i t s c a t a ly t i c ac t ion on t h e reac t ion b e t w e e n ca rbon m o n o x i d e a n d h y d r o g e n ; 
a n d W . E . G a r n e r a n d F . E . T. K i n g m a n , t h e adso rp t ion of t h e gas b y t h e Z n O - C r 2 O 3 
c a t a l y s t . O. Schmid t , a n d A. F . B e n t o n s tud i ed t h e adso rp t ion of c a r b o n m o n ­
ox ide a n d of carbon dioxide b y chromic oxide ; a n d O. S c h m i d t of e t h a n e a n d 
e thy lene . F . D e m a r c a y , a n d H . Q u a n t i n found t h a t carbon tetrachloride r e a c t s 
w i t h ch romic oxide a t a r ed -hea t forming ch romic chlor ide , phosgene , a n d c a r b o n 
d iox ide . P . Cambou l ives said t h a t t h e reac t ion occurs a t 580°. H . Hose o b s e r v e d 
t h a t carbon disulphide a t a wh i t e -hea t forms chromic su lph ide (q.v.). A. K u t z e l n i g g 
o b s e r v e d no oxid iz ing ac t ion on a soln. of po tas s ium ferrocyanide. J . Mi lbaue r 
found t h a t m o l t e n po tass ium th iocyanate forms t h e su lpho-sa l t K 2 C r 2 S 4 . 
J . E . A s h b y , J . R . HufEmann a n d B . F . Dodge , W . E . G a r n e r a n d F . E . T. K i n g m a n , 
W . A. Laz ier , a n d H . H . S to rch obse rved t h e ca t a ly t i c ac t ion of ch romic ox ide in t h e 
o x i d a t i o n of a lcohol , ether, a n d volat i le Oils. W. E i d m a n n found ch romic ox ide t o 
b e inso lub le in a c e t o n e ; a n d H . B o d e n b e n d e r found i t t o be soluble in a soln. of 
c a l c i u m SUCrate—a l i t re of a soln. c o n t a i n i n g 418*6 g rms . of suga r a n d 34-3 g r m s . of 
c a l c i u m ox ide dissolves 1*07 g r m s . C r 2 O 3 ; a l i t re of a soln. con t a in ing 296-5 g r m s . of 
s u g a r a n d 24-2 g r m s . of ca l c ium oxide dissolves 0-56 g r m . of Cr 2 O 3 ; a n d a 
l i t r e of a soln. w i t h 174-4 g r m s . of s u g a r a n d 14-1 g r m s . of ca lc ium ox ide d issolves 
0*20 g r m . of Cr 2 O 3 . A . L o w e n t h a l s t u d i e d i t s c a t a ly t i c a c t i on in t h e ox ida ­
t i o n of h y d r o c a r b o n s a n d a lcohol ; L». J . S imon , t h e ox ida t ion of o rganic s u b s t a n c e s ; 
M. R . F e n s k e a n d P . K . Fro l ich , t h e f o r m a t i o n of a lcohol f rom c a r b o n m o n o x i d e 
and h y d r o g e n ; J . R . Hof fman a n d B . F . D o d g e , t h e fo rma t ion a n d decompos i t i on 
of m e t h a n o l ; a n d A. E . Tsch i t s ch ibab in , t h e r eac t ion b e t w e e n a m m o n i a a n d 
a c e t y l e n e . T h e use of ch romic oxide as a m o r d a n t in t h e d y e i n g of w o o l , co t ton , 
a n d s i l k w a s d iscussed b y L . Xiecht i a n d J . J . H u m m e l , a n d W . T). Banc ro f t . T h e 
l a s t - n a m e d s a i d t h a t f rom d i c h r o m a t e so ln . wool first a d s o r b s ch romic acid a n d th i s 
is r e d u c e d t o c h r o m i c ox ide , w h i c h is t h e t r u e m o r d a n t ; w i t h i n l imi ts , increas ing 
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t h e ac id cone , inc reases t h e c h r o m i c ac id t a k e n u p ; c h r o m i c ac id oxidizes o rgan ic 
c o m p o u n d s m o r e r ead i l y in p re sence t h a n in absence of wool ; -when wool is 
m o r d a n t e d w i t h c h r o m e a l u m , a bas ic s u l p h a t e c h a n g i n g l a t e r t o c h r o m i c ox ide is 
first f o r m e d ; si lk a d s o r b s c h r o m i c ox ide less s t r o n g l y t h a n wool does ; c o t t o n t a k e s 
u p scarce ly a n y c h r o m i c ox ide f rom c h r o m e a l u m , b u t a d s o r b s i t f rom a n a lka l i 
soln. ; t h e r e is n o ev idence of t h e f o r m a t i o n of a n y defini te c o m p o u n d w h e n wool 
is m o r d a n t e d w i t h c h r o m i c ox ide . A . W . D a v i s o n discussed t h e a d s o r p t i o n of 
c h r o m i c ox ide b y l ea ther ; H . H h e i n b o l d t a n d E . W e d e k i n d , t h e a d s o r p t i o n of 
o rgan ic d y e s b y c h r o m i c ox ide . 

A. F o d o r a n d A. Kei fenberg f o u n d t h a t s i l ic ic acid pep t i zes ign i t ed c h r o m i c 
ox ide fo rming a col loidal soln. W . Gruertler showed t h a t t h e oxide is s l igh t ly 
so luble in m o l t e n boric ox ide p r o d u c i n g a g reen co lora t ion . S. K o n d o , a n d 
C. E . E a m s d e n e x a m i n e d t h e so lub i l i ty of c h r o m i c ox ide in p o t t e r y g lazes . T h e 
r educ ing a c t i o n of boron on h e a t e d c h r o m i c ox ide w a s obse rved b y A. B i n e t d u 
J a s s o n n e i x ; of s i l i con , b y B . N e u m a n n , a n d P . A s k e n a s y a n d C. P o n n a z . 
Iu. K a h l e n b e r g a n d W . J . T r a u t m a n n obse rved t h a t w h e n m i x e d w i t h silicon, 
t h e r e is n o r e a c t i o n if h e a t e d b y a b u n s e n b u r n e r , a s l igh t r e a c t i o n a t a che r ry -
red h e a t , a n d a good r e a c t i o n in t h e e lectr ic a r c . E . N . B u n t i n g s t u d i e d t h e b i n a r y 
s y s t e m of c h r o m i c ox ide a n d s i l ica . H . v o n W a r t e n b e r g a n d H . W e r t h found t h a t 
w h e n h e a t e d w i t h z i rcon ia , n o c o m p o u n d is fo rmed , b u t a eu t ec t i c a p p e a r s a t a b o u t 
2200° w i t h a b o u t 50 p e r cen t , of c h r o m i c ox ide . 

T h e r e d u c i n g a c t i o n of p o t a s s i u m a n d s o d i u m was obse rved b y J . J . Berze l ius ; 
of ca lc ium* b y A. B u r g e r ; of m a g n e s i u m , b y J . P a r k i n s o n , a n d L . G a t t e r m a n n — v i d e 
supra, c h r o m i u m ; of a l u m i n i u m — v i d e supra, c h r o m i u m ; a n d t h e co lour ing effect 
on glass b y K . F u w a . F o r t h e a c t i o n of m e t a l ox ides , vide infra, t h e c h r o m i t e s . 
H . D . R a n k i n go t c h r o m i t e i n t o soln. b y h e a t i n g i t t o r edness a n d a f t e r w a r d s t r e a t i n g 
i t w i t h a lka l i - lye u n d e r p ress . H . Schiff f o u n d t h a t ch romic -ox ide is a t t a c k e d w i t h 
difficulty b y fused p o t a s s i u m nitrate . Acco rd ing t o J . v o n Lieb ig a n d F . Woh le r , 
E . Bohl ig , a n d E . H . S tore r , c h r o m i c ox ide is a t t a c k e d a n d ox id ized b y fused 
potassium chlorate, hydrosulphate, and permanganate ; by any suitable base 
in t h e p re sence of a i r or o x y g e n ; a n d b y l ead dioxide, or m a n g a n e s e dioxide in 
t h e p re sence of su lphu r i c ac id . F o r t h e a c t i o n of p e r m a n g a n a t e s , vide t h e per­
m a n g a n a t e s . T . S a b a l i t s c h k a a n d F . Bul l sa id t h a t c h r o m i c ox ide is i n c o m p l e t e l y 
soluble in fused p o t a s s i u m pyrosulphate ; t o o p e n t h e ox ide u p for ana lys i s , i t is 
p re ferab le t o fuse t h e s u b s t a n c e w i t h a m i x t u r e of 2 p a r t s of s o d i u m c a r b o n a t e a n d 
1 p a r t of p o t a s s i u m n i t r a t e for IO min . T h e m a s s is d i sso lved in w a t e r a n d t h e 
inso luble r e s idue fused w i th p y r o s u l p h a t e . F . H a n s f o u n d t h a t c h r o m i c sa l t s a r e 
ox id ized b y si lver sa l t s in a c c o r d wi th C r 2 O 3 + 3 A g 2 O = 2CrO 3 + 6Ag. J . H a r g r e a v e s 
a n d T . R o b i n s o n f o u n d t h a t w h e n m i x e d w i t h a lkal i chloride, a n d h e a t e d in air or 
oxygen , ch lor ine is evo lved , a n d in m o i s t a i r , h y d r o g e n chlor ide . 
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§ 10. Hydrated Chromium Oxides. Chromium Hydroxide 

S o m e of t h e chrome ochres—6. 40, 4 9 — c o n t a i n h y d r a t e d ch romic ox ide . 
Accord ing t o W . Ipa t i e f i a n d A. Kisseleff,1 if 2.ZV-H2CrO4 a t 240 0 -300° be exposed 
t o h y d r o g e n a t 150° t o 180° a t m . press . , a h e a v y , greyish-vio le t , s l ight ly c rys ta l l ine 
p r e c i p i t a t e of c h r o m i c oxyhydrox ide , C r 2 0 3 . H 2 0 , or CrO(OH) , is fo rmed ; if in 
25 c.c. of soln. , 4 c.c. of J-^V-H 2SO 4 b e p r e s e n t , in a gold t u b e , a s imi lar v io le t -grey 
p r e c i p i t a t e is f o r m e d a t 300° t o 325° ; a n d in a q u a r t z t u b e , t h e c rys t a l s a r e green , 
a n d cub ic . If m o r e s u l p h u r i c ac id is p r e s e n t , a t 300°, a n d 180 t o 200 a t m . press . , 
t w o k i n d s of c ry s t a l s a re fo rmed . Acco rd ing t o W . Ipa t ie f i a n d B . MouromtsefF, 
a n i t r i c ac id soln. of c h r o m i c n i t r a t e w h e n exposed t o h y d r o g e n a t 320°—360°, 
u n d e r a p ress , of 200—370 a t m . , for 12—24 h r s . , g ives m o n o h y d r a t e d c h r o m i u m 
oxide closely r e sembl ing c h r o m e ochre . If a i r is used in p lace of h y d r o g e n , smal le r 
c rys t a l s a r e o b t a i n e d a n d t h e s e p a r a t i o n is n o t q u a n t i t a t i v e , a p o r t i o n of t h e ox ide 
be ing c o n v e r t e d i n t o c h r o m i c ac id . Sma l l a m o u n t s of d a r k r e d c rys t a l s a re also 
occas ional ly o b t a i n e d . Acco rd ing t o J . B . Trommsdorff , if soln. of ch romic sa l t s 
a re t r e a t e d w i t h a lka l i h y d r o x i d e s , or a q . a m m o n i a , i t is b e s t t o w o r k w i t h boi l ing 
soln. I t is difficult t o w a s h t h e p r e c i p i t a t e d h y d r a t e d ch romic oxide free f rom 
a d s o r b e d sa l t s . T h e p r o d u c t h a s been cal led chromic hydroxide , C r (OH) 3 , b u t 
i t is gene ra l ly s u p p o s e d t o b e a col loidal h y d r a t e d ox ide of less defini te compos i ­
t ion . O. Ruff a n d B . H i r s c h s t u d i e d t h e f rac t ional p r e c i p i t a t i o n of c h r o m i c 
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h y d r o x i d e in t h e presence of sa l t s of o t h e r m e t a l s . S. H a k o m o r i sa id t h a t t h e 
reason a m m o n i a does n o t p r ec ip i t a t e h y d r a t e d ch romic oxide in t h e p resence of 
t a r t a r i c ac id is because a complex sa l t is fo rmed ; a n d n o t in t h e p resence of 
glycerol , because of colloidal p h e n o m e n a i n d u c e d b y t h e h igh v iscos i ty of t h e soln . 
T h e complex t a r t r a t e - i o n s were s t u d i e d b y K . Je l l inek a n d H . Gordon . 

J . J . Berzel ius ob t a ined a s imi lar p r o d u c t b y boi l ing a m i x e d soln. of p o t a s s i u m 
c h r o m a t e a n d p e n t a s u l p h i d e ; G- F . C. F r i ck , b y boi l ing a soln. of p o t a s s i u m 
c h r o m a t e wi th su lphu r ; G. L o s e k a n n , b y t h e ac t ion of h y d r o g e n su lph ide on a n 
a lkal ine soln. of a c h r o m i t e oxide ; H . B a u b i g n y , b y t h e ac t ion of h y d r o g e n 
su lphide on a soln. of p o t a s s i u m d i c h r o m a t e ; J . Cas the laz a n d M. L e u n e , b y t h e 
ac t ion of zinc h y d r o x i d e , c a rbona t e , or su lph ide , or of a l u m i n i u m h y d r o x i d e , o r 
of zinc in a feebly acid soln. of g reen ch romic chlor ide ; a n d K . S e u b e r t a n d 
A. Schmid t , b y t h e slow ac t ion of m a g n e s i u m on a w a r m soln. of a c h r o m i c sa l t . 
P . A. Thiessen a n d B . K a n d e l a k y p r e p a r e d t h e h y d r o x i d e free f rom a d s o r b e d 
e lec t ro ly tes b y t h e hydro lys i s of ch romic e t h y l a t e : 2 C r ( O C 2 H 5 ) 3 4 - 6 H 2 0 
^ C r 2 O 3 . 3 H 2 O - J - B C 2 H 5 O H . A. S imon a n d co-workers used P . A. v o n Bonsdorf f ' s 
process for h y d r a t e d a lumina , a n d t r e a t e d a soln. of t h e h y d r o x i d e in soda- lye 
w i t h freshly p rec ip i t a t ed , h y d r a t e d oxide, a n d af ter w a s h i n g w i t h w a t e r , a n d 
d r y i n g w i t h ace tone ob t a ined a p r o d u c t w i t h Cr 2 O 3 . 5 -68H 2 O. B . S c h w a r z 
o b t a i n e d t h e h y d r o x i d e b y t h e hydro lys i s of c h r o m i t e s . V. Ipateeff p r o d u c e d 
c rys t a l s of t h e h y d r a t e d oxide b y h e a t i n g soln. of t h e sa l t s a t h igh t e m p , a n d p ress . 
A. C. Becquere l o b t a i n e d c rys ta l s of t h e h y d r o x i d e b y s u s p e n d i n g a p a r c h m e n t 
p a p e r t u b e con ta in ing a cone. soln. of p o t a s s i u m a l u m i n a t e in a soln. of c h r o m i c 
chlor ide . J . Fe ree o b t a i n e d w h a t he r e g a r d e d a s a m o n o h y d r a t e C r 2 O 3 - H 2 O , or 
Cr (OH)O, as a b lack , a m o r p h o u s p o w d e r b y t h e electrolysis of a n e u t r a l soln . of 
ch romic chlor ide wi th a p l a t i n u m c a t h o d e . Th i s sub jec t h a s b e e n p r ev ious ly 
discussed in connec t ion w i t h B-. B u n s e n ' s , a n d J . Vois in ' s o b s e r v a t i o n s on t h e 
e lec t ro-depos i t ion of c h r o m i u m . G. B . F r a n k f o r t e r a n d co-workers h e a t e d a 
m i x t u r e of p o t a s s i u m d i c h r o m a t e a n d a m m o n i u m chlor ide t o 260° a n d o b t a i n e d a 
s la te -co loured res idue which , on l ix iv ia t ion w i th wa te r , left smal l , g reen i sh -b lack , 
i r idescen t spangles of w h a t h a s been t h o u g h t t o be a dihydrate, C r 2 O 3 . 2 H 2 O , or 
C r 2 ( H O ) O . 

Ana lyses of t h e h y d r a t e s of ch romic oxide v a r y v e r y m u c h . Accord ing t o 
M. Siewcr t , t he p rec ip i t a t e which h a s s tood for some h r s . in a i r a t 45° for 3 h r s . 
h a s 5-9 H 2 O ; 3 h r s . a t 100°, 5 -2H 2 O ; 4 h r s . a t 100°, 4-8HoO ; 2 h r s . a t 105°, 
4 - 2 H 2 O ; 2 h r s . a t 150°, 3-2H 2 O ; 5 h r s . a t 200°, 2 -3H 2 O ; a n d 6 d a y s a t 220°, 
I - I H 2 O . L . Schaffner o b t a i n e d for t h e a m m o n i a - p r e c i p i t a t e d r i ed over su lphur i c 
ac id , 6 H 2 O ; a n d dr ied a t 100°, 5 H 2 O ; t h e a lka l i -p rec ip i t a te d r ied a t 100°, 4 H 2 O . 
A. J . W . F o r s t e r gave for t h e a i r -dr ied , a m m o n i a - p r e c i p i t a t e C r 2 O 3 . 8 H 2 O . 
E . F r e m y found for t h e p o t a s h - p r e c i p i t a t e o b t a i n e d in t h e cold, a n d d r i ed in a i r , 
9 H 2 O , a n d t h a t o b t a i n e d from a boi l ing soln., a n d dr ied in air , 8 H 2 O . J . Ltefort, 
a n d A. S c h r o t t e r o b t a i n e d s imi lar d a t a . C. F . Cross r ep r e sen t ed t h e compos i t ion of 
t h e p r e c i p i t a t e d r i ed a t 100° b y C r 2 O 3 . 4 H 2 O , a n d af ter s t a n d i n g in a i r sa t . w i t h 
m o i s t u r e , C r 2 0 3 . 7 H 2 0 , a n d af ter h e a t i n g t o dul l r edness , C r 2 O 3 . 3 H 2 O . 
M. P r u d ' h o m m e g a v e C r 2 O 3 . 5 H 2 O for t h e p r e c i p i t a t e d r ied a t 100°. Gr. Wyrouboff 
g a v e C r 2 O 3 . 8 H 2 O for t h e p r e c i p i t a t e d r i ed ove r su lphur i c acid, a n d Cr 2O 3-GH 2O 
"when d r i ed a t 110°. Accord ing t o H . Lowel , t h e red-co loured a m m o n i a - p r e c i p i t a t e 
w h i c h dissolves in a m m o n i a fo rming a r e d soln. is a different h y d r o x i d e f rom t h e 
b lu i sh v io le t -co loured h y d r o x i d e , a n d t h i s aga in is different f rom t h e green-coloured 
h y d r o x i d e . J . Lefor t , E . F r e m y , a n d J . M. O r d w a y also r e g a r d e d t h e different ly 
co lou red h y d r o x i d e s a s i somers . Accord ing t o A . B e c o u r a , ch romic h y d r o x i d e ex is t s 
i n t h r e e different mo lecu la r cond i t ions . T h e first is o b t a i n e d b y p r e c i p i t a t i n g 
a so ln . of e i t h e r v a r i e t y of c h r o m i c ch lor ide or of a n y v io le t c h r o m i u m sa l t w i t h a n 
e q . q u a n t i t y of s o d i u m h y d r o x i d e . If t r e a t e d w i t h hydroch lo r i c ac id i m m e d i a t e l y 
after p r e c i p i t a t i o n , i t c o m b i n e s w i t h 6 mol s . of H C l w i t h t h e d e v e l o p m e n t of 41-4 
cals. The s econd v a r i e t y is o b t a i n e d b y p r e c i p i t a t i n g t h e oxych lo r ide Cr 2Cl 4O 
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w i t h 4 mol s . of s o d i u m h y d r o x i d e . I m m e d i a t e l y a f te r p r ec ip i t a t i on , i t comb ines 
w i t h 4 mols . of hyd roch lo r i c ac id only, w i t h d e v e l o p m e n t of 24*2 cals . T h e 
s u b s e q u e n t a d d i t i o n of a fu r the r q u a n t i t y of 2 mols . of ac id p r o d u c e s n o t h e r m a l 
d i s t u r b a n c e . T h e t h i r d fo rm is o b t a i n e d w h e n e i t he r of t h e p r eced ing va r i e t i e s 
is d isso lved i n t h e neces sa ry excess of soda- lye (18 mols . in t h e first case , 6 mols . 
in t h e second) , a n d r e p r e c i p i t a t e d b y neu t r a l i z i ng t h e excess of a lka l i . I t combines 
w i t h on ly 4 mols . of hyd roch lo r i c ac id , w i t h d e v e l o p m e n t of 2OO cals . A. Colson 
a s s u m e d t h a t t h e r e a r e h y d r o x i d e s co r r e spond ing w i t h t h e g reen a n d v io le t 
s u l p h a t e s , H e s u p p o s e d t h a t t h e g reen s u l p h a t e co r r e sponded w i t h 

( O H ) 8 = C r - O — C r = ( O H ) 2 
(OH) 2 = C r - O - C r = ( O H ) 2 

This f o r m u l a t i o n for h y d r a t e d c h r o m i c ox ide— i . e . C r 4 (OH) 8 O 2 - IOH 2 O, or 
C r 4 ( O H ) 3 0 - 0 - 9 H 2 O — w a s f a v o u r e d b y M. Z. J o v i t s c h i t s c h . O. Wyrouboff supposed 
t h e v iole t h y d r o x i d e is c o n s t i t u t e d C r 2 ( O H ) 6 , a n d t h e o t h e r h y d r o x i d e 
C r 2 ( O H ) 4 ( O H ) 2 , or C r 2 O ( O H ) 2 , whe re t h e t w o O H - g r o u p s c a n func t ion as a n ac id . 
A l t h o u g h J . J . Berzel ius a s s u m e d t h a t t h e ox ides p r e c i p i t a t e d f rom vio le t a n d 
green soln. of ch romic ch lor ide a r e i somers because t h e y g a v e t h e soln. t h e or ig ina l 
colour w h e n dissolved in ac ids , y e t t h e o b s e r v a t i o n s of A . R e c o u r a i nd i ca t e t h a t 
t h e h y d r a t e d oxides f rom different ly co loured soln. a re t h e s a m e in chemica l 
s t r u c t u r e . T h e i nd iv idua l v a r i a t i o n d e p e n d s o n differences in t h e p h y s i c a l c h a r a c t e r 
of t h e pa r t i c les . T h e r a t e of p r e c i p i t a t i o n w a s s h o w n b y J . Cas the laz a n d M. L e u n e , 
a n d H . B . Weiser t o h a v e a m a r k e d effect on t h e colour . W h e n s lowly p r e ­
c ip i t a t ed , t h e ox ide is d a r k g reen a n d g r a n u l a r , a n d w h e n r a p i d l y p r e c i p i t a t e d 
g rey i sh-b lue a n d ge la t inous . P . B a r y a n d J . V. H u b i o found t h a t t h e d r i ed 
h y d r o x i d e is he t e rogeneous , for i t c o n t a i n s t w o p r o d u c t s . J t . F r i cke a n d F . W e v e r 
could d e t e c t n o ev idence of c r y s t a l s t r u c t u r e b y X - r a d i o g r a m s . 

N . B j e r r u m m e a s u r e d t h e p o t e n t i a l of t h e h y d r o g e n e lec t rode i m m e r s e d in 
soln. of c h r o m i c chlor ides , a n d inferred t h a t t h e violet ch romic chlor ide is p r o ­
gress ively h y d r o l y z e d , C r C l 3 - ^ C r C l 2 ( O H ) - ^ C r ( O H ) 2 C l - > C r ( O H ) 3 . H e cons idered 
t h a t freshly p r ec ip i t a t ed ch romic h y d r o x i d e , Cr (OH) 3 , is a well-defined chemica l 
c o m p o u n d w i t h a so lub i l i ty p r o d u c t of 4-2 X l O - 1<J a t 0° a n d 5 4 x l 0 ~ 1 6 a t 17°. 
On t h e o t h e r h a n d , J . M. v a n B e m m e l e n obse rved t h a t t h e b lu i sh colloid, p r e p a r e d 
b y t r e a t i n g a di l . soln . of a c h r o m i c sa l t w i t h a m m o n i a a t t h e o r d i n a r y t e m p , or 
a t 100°, c o n t a i n s or ig ina l ly 11 mols . H 2 O ; af ter e x p o s u r e t o t h e a i r a t 15° i t 
c o n t a i n s 7-8 t o 8 mols . ; b u t af ter keep ing for 14 d a y s in a n a t m . sa t . w i t h m o i s t u r e 
t h e q u a n t i t y of w a t e r r ises t o 13-2 mols . , a n d a f te r e x p o s u r e t o d r y a i r i t falls t o 
7*0 mols . W h e n h e a t e d in t h e a i r a t t e m p , inc reas ing f rom 45° t o 200°, t h e a m o u n t 
of w a t e r falls f rom 5-9 t o 2-3 mols . , a n d t h e co lour changes t o a d i r t y green . T h e 
resu l t s o b t a i n e d on h e a t i n g a t t e m p , v a r y i n g f rom 15° t o 100° (i) in a sa t . a t m . , (ii) in 
o r d i n a r y air , a n d (iii) in d r y air , u n t i l t h e we igh t is c o n s t a n t , show t h a t a t eve ry 
t e m p , e q u i l i b r i u m is e s t ab l i shed b e t w e e n t h e v a p . press , of t h e colloid a n d t h a t 
of w a t e r a t t h e s a m e t e m p . A t 65° a n d a t 100°, i t r e t a i n s m o r e w a t e r in a s a t . 
a t m . t h a n a t 15° a n d 65° r e spec t ive ly in a d r y a t m . After h a v i n g been h e a t e d 
a t f rom 15° t o 100° in d r y air , i t s a b s o r p t i v e p o w e r is on ly s l ight ly d imin ished , 
a n d a t h ighe r t e m p , i t r e t a i n s m o r e w a t e r t h a n colloidal silica, a l umina , s t a n n i c 
ac id or ferric ox ide a t t h e s a m e t e m p . , b u t t h e h igher t h e t e m p , t o wh ich i t h a s 
been exposed , t h e m o r e inso luble i t becomes in ac ids a n d especial ly in a lkal ies . 
H e there fore infer red t h a t col loidal ch romic oxide h a s n o definite compos i t ion 
a t a n y t e m p , b e t w e e n 15° a n d 280° . This conclusion was confi rmed b y A. L. Baykoff, 
a n d H . B . Weise r . R . F r i c k e e x a m i n e d t h e X - r a d i o g r a m of t h e h y d r o x i d e . S. Veil 
s t ud i ed t h e effect of c h r o m i c h y d r o x i d e on t h e decompos i t i on of h y d r o g e n d iox ide . 
H. J . S. King prepared chromic pentamminohydroxide, Cr(OH)3.5NH3, or chromic 
hydroxypentamminohydroxide, [Cr(NH3)5(OH)](OH)2, by tr i turat ing chromic 
c h r o m o p e n t a m m i n o c h l o r i d e w i t h mo i s t si lver ox ide , a s ind ica ted b y O. T. Chr i s ten-
son. S imi la r r e su l t s were o b t a i n e d b y us ing c h r o m i c a q u o p e n t a m m i n o c h l o r i d e . 
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Li. H a v e s t a d t a n d R . F r i cke s t u d i e d t h e d ie lec t r ic c o n s t a n t . T h e e lect r ica l con­
d u c t i v i t y , JJL mhos , for soln. w i th a mo l of t h e sa l t in v l i t res of w a t e r a t 0° , a n d t h e 
ca l cu la t ed pe rcen tage degree of ion iza t ion , <x, a r e : 

,> . . 2253 32-85 42-92 65-70 365-8 oo 
u . . 237-8 245-5 25OO 254-1 273-7 283-9 
a. . . 83-8 865 88-1 89-5 96-4 

H y d r a t e d chromic oxide c a n b e o b t a i n e d in va r ious s h a d e s of colour r a n g i n g 
from a clear grey ish-b lue t o a d a r k g reen . S o m e of t h e s e a r e u t i l i zed a s p e r m a n e n t 
p igmen t s . The so-called Guignet's green h a s a t t r a c t e d some a t t e n t i o n . Th i s 
v ivid , green p i g m e n t 'was p r e p a r e d b y E . G u i g n e t b y h e a t i n g a m i x t u r e of p o t a s s i u m 
d i c h r o m a t e w i t h t h r e e t i m e s i t s we igh t of bor ic acid, d iges t ing t h e p r o d u c t w i t h 
wa te r , a n d wash ing i t w i t h w a t e r . Modif icat ions of t h e process were desc r ibed 
b y A. Sa lve t a t , M. Pouss ier , a n d A. S c h e u r e r - K e s t n e r ; L . W o h l e r a n d W . Becke r , 
in a g r e e m e n t w i t h A. Scheure r -Kes tne r , sa id t h a t b o r o n is w i t h o u t influence on 
t h e colour, a n d t h a t t h e t r a c e of b o r o n p r e s e n t is d e r i v e d f rom t h e c h r o m i u m 
b o r a t e first fo rmed a n d s u b s e q u e n t l y h y d r o l y z e d . If a m m o n i u m d i c h r o m a t e 
is emp loyed in place of p o t a s s i u m d i c h r o m a t e , n o t a t r a c e of b o r o n r e m a i n s a f te r 
t h e wash ing , a n d w h e n dr ied a t 110°, t h e p r o d u c t h a s t h e compos i t i on 2 C r 2 O 3 . 3 H 2 O , 
or Cr 4 O 3 (OH) 6 , ascr ibed to i t b y A. S c h e u r e r - K e s t n e r , a n d E . Gu igne t . A . S a l v e t a t 
gave Cr 3 O 3 . 2H 2 O ; A. E i b n e r a n d O. H u e , 2 C r 2 O 3 . 5 H 2 O ; a n d M. S h i p t o n con­
s idered i t t o be a b o r a t e , 3 C r 2 O 3 . B 2 O 3 . 4 H 2 O . Accord ing t o Li. B l a n c , G u i g n e t ' s 
g reen is n o t a h y d r a t e , b u t v e r y finely-divided ch romic ox ide , wh ich , w h e n h e a t e d 
in air , or t r e a t e d w i t h ch romic acid, forms /3-Cr5O0 . Li. W o h l e r a n d J . D i e r k s e n 
obse rved t h a t w h e n t h e green is p r o d u c e d b y fusing p o t a s s i u m d i c h r o m a t e w i t h 
bo r i c acid, t h e fai lure t o c o n v e r t t h e dul l ol ive-green t o t h e b r i l l i an t g reen p i g m e n t 
b y h e a t i n g w i t h w a t e r u n d e r press , s u p p o r t e d t h e v iew t h a t t h e c o m p l e x C r 2 O 3 . 3 B 2 O 3 
is responsib le for t h e coloiir, b u t bor ic oxide is n o t a neces sa ry c o n s t i t u e n t of t h e 
b r i g h t g reen . T h e y sugges t t h a t t h e b r i g h t g reen h a s a ge l - s t ruc tu re ; X - r a d i o -
g r a m s s h o w t h a t a l a t t i ce s t r u c t u r e is absen t . T h e r e d u c t i o n of t h e a m o u n t of 
w a t e r i n c h r o m i u m h y d r o x i d e gels w i t h a n increase in t h e size of pa r t i c l e s p r o ­
gress ive ly increases t h e br i l l iancy of t h e p r o d u c t . Bor i c ac id a n d silicic ac id 
a r e effective in p roduc ing t h e requ i red f iocculat ion. T h e v a p . p ress , of b r i l l i an t 
flocculated h y d r o x i d e s is g rea t e r t h a n t h a t of t h e dul l non-f loccula ted h y d r o x i d e s 
of t h e s a m e w a t e r - c o n t e n t . Ju. B l anc a n d G. C h a u d r o n f o u n d t h a t G u i g n e t ' s 
g r een y ie lds a b lack oxide, C r 5 O 9 , w h e n h e a t e d . L . W o h l e r a n d W . B e c k e r 
s a i d t h a t a green p i g m e n t resembl ing Guigne t ' s g reen c a n b e o b t a i n e d b y h e a t i n g 
t h e o r d i n a r y ox ide w i t h w a t e r u n d e r press , a t 180° t o 250°. T h e compos i t i on 
a p p r o x i m a t e s 2 C r 2 O 3 . 3 H 2 O . W h i l s t Gu igne t ' s g reen h a s a v a p . p ress , of 13 m m . 
a t 75°, 16 m m . a t 81°, a n d 26 m m . a t 86°, t h e grey ish-v io le t c h r o m i u m h y d r o x i d e , 
w h i c h h a s t h e s a m e compos i t ion , is found t o h a v e a v a p . press , of on ly 2 m m . , n o t 
inc reas ing b e t w e e n 75° a n d 93-4°. Th i s smal l v a p . press , m a y re su l t f rom t h e 
p r e s e n c e of m o i s t u r e . These differences a n d t h e difference in colour of t h e t w o 
h y d r a t e s a r e asc r ibed t o i somer i sm. T h e greyish-v io le t h y d r o x i d e is c o n v e r t e d 
i n t o i t s b r i l l i an t g r e e n i somer ide o n p ro longed h e a t i n g w i t h w a t e r a t 250° . 
H . B . We i se r a d d e d t h a t t h e a m o r p h o u s , h y d r a t e d oxide , o b t a i n e d b y p rec ip i t a ­
t i on , loses w a t e r con t i nuous ly , a n d whi le i t m a y b e possible t o d r y t h e p i g m e n t 
u n d e r c o n d i t i o n s such t h a t t h e compos i t i on m a y be expressed b y a single fo rmula , 
y e t t h i s does n o t p r o v e t h a t a t r u e h y d r o x i d e is fo rmed . T h e r e is n o ev idence 
of a n inve r s ion t e m p , i n t h e p a s s a g e f rom o n e co loured v a r i e t y t o t h a t of a n o t h e r 
co lour ; a n d H . B . We i se r o b s e r v e d t h a t w h e n a soln. of c h r o m i c ch lor ide is t r e a t e d 
w i t h j u s t e n o u g h s o d i u m h y d r o x i d e for c o m p l e t e p r e c i p i t a t i o n t h e p r e c i p i t a t e 
o b t a i n e d a t 0° is g rey i sh -b lue ; t h a t a t 50° , g reen i sh-b lue ; t h a t a t 100°, b lu ish-
g r e e n ; t h a t a t 150°, g r een w i t h a b lu i sh t i nge ; t h a t a t 200°, c lear g reen ; a n d 
t h a t a t 200°—325°, b r i g h t g reen . T h e t i m e of h e a t i n g w a s 30 m i n . e x c e p t in t h e 
la s t case when t h e h e a t i n g occup ied 15 h r s . H e n c e t h e colour va r i e s c o n t i n u o u s l y 
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f rom g rey i sh -b lue t o c lear g r e e n a s t h e t e m p , of p r e c i p i t a t i o n rises ; t h i s shows 
t h a t t h e co lours a r e n o t d u e t o i somers , b u t r a t h e r t o differences in t h e sizes of 
t h e pa r t i c les , t h e s t r u c t u r e of t h e m a s s , a n d t o t h e a m o u n t s of w a t e r enclosed 
u n d e r different c o n d i t i o n s of f o r m a t i o n . As t h e t e m p , of p r e c i p i t a t i o n rises, t h e 
ox ide becomes less ge la t inous , less soluble in ac ids , a n d less r e a d i l y p e p t i z e d b y 
a lkal ies . F o r t h e so lub i l i ty of c h r o m i c h y d r o x i d e in a lkal i - lye , vide infra, c h r o m i t e s . 

H y d r a t e d c h r o m i c ox ide f reshly p r e c i p i t a t e d f rom cold soln . of a c h r o m i c 
sa l t b y a n a lka l i h y d r o x i d e or a m m o n i a , is r e a d i l y so luble in ac ids , a n d r ead i ly 
p e p t i z e d b y a lka l i h y d r o x i d e s . T h e h y d r a t e d ox ide , however , g r a d u a l l y suffers 
a c h a n g e in phys i ca l c h a r a c t e r o n ageing, a n d i t t h e n becomes far less so luble 
a n d far less chemica l ly a c t i v e . T h e process of age ing is a t t e n d e d b y t h e g r o w t h 
of agg rega t e s of t h e p r i m a r y col loidal pa r t i c l e s . T h e ve loc i ty of c h a n g e is acceler­
a t e d b y ra i s ing t h e t e m p . , or b y t h e use of a m e d i u m w i t h a s l igh t so lven t a c t i on . 
A. R e c o u r a m e a s u r e d t h e m o l a r h e a t of soln. i n h y d r o c h l o r i c ac id w i t h a a ox ide 
p r e c i p i t a t e d b y a d d i n g a n ac id t o a col loidal soln . i n a lka l i - lye , a n d k e p t for defini te 
i n t e r v a l s of t i m e . T h u s , t h e m o l . h t . of soln. in ca ls . of t h e f reshly p r e c i p i t a t e d 
ox ide is 20-70 ; w h e n k e p t 10 m i n . , 19-0 cals . : 1 hr . , 5-80 cals . ; 2 h r s . , 3-90 cals. ; 
4 h r s . , 2-85 cals . ; 7 h r s . , 2-40 cals . ; 1 d a y , 1-75 cals . ; 7 d a y s , 1-20 cals . ; 30 d a y s , 
0-75 cal . ; a n d 60 d a y s , 0-50 cal . F . B o u r i o n a n d A. Senecha l obse rved t h a t t h e 
r a t e a t w h i c h h y d r a t e d c h r o m i c ox ide r educes h y d r o ­
gen d iox ide b e c o m e s less on s t a n d i n g . T h e r e a c t i o n 
a p p e a r e d t o b e q u a d r i m o l e c u l a r for t h e first 8 h r s . , 
d u e , i t w a s supposed , t o t h e t r a n s f o r m a t i o n of t h e 
or ig inal ox ide i n t o complexes , so t h a t t h e soluble a n d 
inso luble va r i e t i e s r e p r e s e n t defini te a l lo t rop ic fo rms . 
R . F r i c k e a n d O. W i n d h a u s e n a t t r i b u t e d t h e age ing 
t o a n inc rease in t h e size of t h e pa r t i c l e s , a n d s h o w e d 
t h a t i t is n o t d u e t o d e h y d r a t i o n , or t o t h e deve lop­
m e n t of a m ic roc rys t a l l i ne s t r u c t u r e . R . F r i c k e a n d 
co -worke r s obse rved n o ev id ence of a c rys t a l l ine 
s t r u c t u r e in t h e age ing of h y d r a t e d c h r o m i c ox ide . 
A. S i m o n a n d co -worke r s s t u d i e d t h e v a p . p ress , of 
t h e h y d r a t e d ox ide . T h e c o n t i n u o u s c u r v e , F i g . 17, 
w a s o b t a i n e d w i t h a p r e p a r a t i o n p r e c i p i t a t e d b y 
a m m o n i a , w a s h e d w i t h w a t e r a t 60°, t h e n w i t h 
ace tone , a n d d r i e d in a i r . I t s c o m p o s i t i o n a p p r o x i ­
m a t e d Cr 2 O 3 . 6 -68H 2 O. This c u r v e shows a s l igh t f l a t t en ing w i t h t h e t r i - a n d 
m o n o - h y d r a t e . T h e o t h e r c u r v e is o b t a i n e d w i t h a s p e c i m e n p r e c i p i t a t e d b y 
h y d r a z i n e , w a s h e d , a n d d r i e d ove r s u l p h u r i c ac id in v a c u o for 8 weeks w h e n i t s 
ocmpos i t i on w a s C r 2 O 3 . 4 - 8 7 H 2 O . T h e f o r m a t i o n of t h e t r i - a n d m o n o - h y d r a t e s 
is c lear ly s h o w n . 

M. S iewer t s h o w e d t h a t w h e n t h e h y d r a t e d ox ide is h e a t e d t o 200°, in air , i t 
t a k e s u p o x y g e n fo rming a b l a c k p o w d e r of v a r i a b l e compos i t i on , a n d i t is r e g a r d e d 
as a m i x t u r e of c h r o m i c ox ide , c h r o m i c a n h y d r i d e , a n d w a t e r . M. Kr i ige r first 
obse rved t h e t e n d e n c y of t h e h y d r a t e d ox ide t o t a k e u p o x y g e n w h e n h e a t e d . 
A. G e u t h e r s h o w e d t h a t w h e n t h e h y d r a t e d ox ide is depos i t ed on t h e n e g a t i v e 
pole , i t is l iable t o f o r m c h r o m i c a n h y d r i d e b y t a k i n g u p o x y g e n . M. Z. J o v i t s c h i t s c h 
found t h a t h y d r a t e d c h r o m i c ox ide r e a d i l y a b s o r b s c a r b o n d iox ide f rom t h e 
a t m . f o r m i n g [ C r 2 ( O H ) 6 ] 2 C 0 3 . 8 H 2 0 . T h e l igh t g r e y h y d r a t e d ch romic oxide 
which is p r e c i p i t a t e d w i t h sma l l q u a n t i t i e s of a m m o n i u m h y d r o x i d e dissolves 
in a n excess of a m m o n i a t o f o r m a r u b y - r e d soln . whose so lubi l i ty is affected 
b y t h e p re sence of a m m o n i u m sa l t s . If t h e r e d soln. is k e p t for some t i m e , 
M. Z. J o v i t s c h i t s c h o b s e r v e d t h a t v io le t -b lue c h r o m i u m diamminol iydrox ide , 
C r 2 ( O H ) 6 . ( N H 3 ) 2 . 1 0 H 2 O , is p r e c i p i t a t e d ; i t r e a d i l y a b s o r b s c a r b o n d iox ide . 

A. R e c o u r a g a v e for t h e h e a t of n e u t r a l i z a t i o n of h y d r a t e d c h r o m i c ox ide w i t h 
hydroch lo r i c ac id J C r ( O H ) 3 = 6 - 8 6 5 Cals . ; E . P e t e r s e n , w i t h hydrof luor ic ac id , 
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8-39 CaIs. ; a n d M. Be r tke lo t , w i t h su lphu r i c acid , ^ H 2 S O 4 , 8-22 CaIs. W . P a u l i 
a n d E . Va lko s tud ied t h e c o n d u c t i v i t y a n d a c t i v i t y coeff. H . R . R o b i n s o n a n d 
C. L . Y o u n g s tud ied t h e a b s o r p t i o n f r equency of t h e K-ser ies of X - r a y s p e c t r u m . 
L . H a v e s t a d t a n d R . F r i cke s t u d i e d t h e die lect r ic b e h a v i o u r of t h e h y d r o x i d e ; 
a n d H . R . Rob inson a n d C. L. Y o u n g , t h e X - r a y a b s o r p t i o n f requencies . F . B o u r i o n 
a n d A. Senechal found t h a t t h e p a r a m a g n e t i s m of a n a lka l ine soln. of c h r o m i c 
oxide d iminishes slowly w i t h t i m e , b u t t h e d i m i n u t i o n is smal l , a n d n e v e r exceeds 
20 pe r cent . S. Veil found t h a t t h e m a g n e t i c p rope r t i e s of c h r o m i c h y d r o x i d e a r e 
decreased b y h e a t i n g i t w i t h w a t e r in a sealed t u b e b e t w e e n 120° a n d 210° ; a n d 
a n o t h e r 12 h r s . ' t r e a t m e n t h a s l i t t le effect, b u t w h e n t h e h y d r o x i d e is d isso lved 
in hydroch lor ic acid, a n d r ep rec ip i t a t ed , t h e modified m a g n e t i s m pers i s t s a n d a 
fur ther change occurs b y a s imi lar t r e a t m e n t w i t h h o t w a t e r . T . I s h i w a r a found 
t h e magne t i c suscep t ib i l i ty a t 15-7° t o b e 66-2 X 1 0 ~ 6 m a s s u n i t s , a n d a t —68-3°, 
110*5x10—« m a s s un i t s . P . H a u s k n e c h t , a n d E . W e d e k i n d a n d W . A l b r e c h t 
observed t h a t t h e m a g n e t i c suscep t ib i l i ty of C r (OH) 3 is g r e a t e r t h a n t h a t of t h e 
cor responding oxide , i n a g r e e m e n t w i t h t h e a s s u m p t i o n t h a t t h e h y d r o x i d e is a 
chemical ind iv idua l . S. Veil found t h a t t h e m a g n e t i c p r o p e r t i e s of c h r o m i c 
h y d r o x i d e fall t o a lower l imi t ing v a l u e on r e p e a t e d p r e c i p i t a t i o n f rom h o t soln. 

T. G r a h a m p r e p a r e d a pos i t ive col loidal so lut ion of h y d r a t e d c h r o m i c oxide 
b y pept iz ing t h e freshly p r e c i p i t a t e d oxide w i t h ch romic chlor ide , a n d d ia lyz ing 
t h e l iquid t o r e m o v e t h e excess of e lec t ro ly te . T h e d a r k green soln. c a n be d i l u t e d 
w i t h w a t e r or hea t ed , b u t i t is r ead i ly flocculated b y e lec t ro ly tes . I n c o n t i n u o u s 
dialysis , t he diffused l iquid was k e p t a t a c o n s t a n t level a n d n o t c h a n g e d d u r i n g t h e 
process , whereas in i n t e r m i t t e n t dialysis , t h e diffusate was con t i nuous ly c h a n g e d 
a t t h e r a t e of 800 c.c. p e r hour . M. Neidle a n d J . B a r a b found t h a t some colloidal 
par t ic les do diffuse t h r o u g h t h e p a r c h m e n t m e m b r a n e ; a l t h o u g h W . BiI tz , a n d 
H . W . F i scher a n d W . H e r z observed n o such diffusion. I n t h e dia lys is of h y d r a t e d 
chromic oxide in a soln. of ch romic chlor ide , t h e r a t i o J C r : Cl i n t h e diffusate, 
w i t h i n t e r m i t t e n t dialysis , is a lways g rea t e r t h a n u n i t y , a n d t h i s t h e m o r e t h e 
longer t h e per iod of dialysis for t h e s ame diffusate. I n c o n t i n u o u s dialysis , t h e 
r a t i o J C r : Cl in t h e diffusate increases f rom u n i t y t o a m a x i m u m of 1-57, a n d t h e n 
g r a d u a l l y d iminishes t o w a r d s zero. I n i n t e r m i t t e n t dialysis , a b o u t 6 p e r c e n t , 
of t h e original colloid is stil l assoc ia ted w i t h cons iderab le e lec t ro ly te , a n d i t r e m a i n s 
i n t h e m e m b r a n e a t t h e end of 56 d a y s ; b u t t h e colloid sti l l diffuses so t h a t b y 
c o n t i n u i n g t h e process , t h e who le of t h e col loid wou ld be r e m o v e d f rom t h e 
m e m b r a n e . I n t h e con t inuous dialysis , 75 pe r cen t , of t h e or iginal colloid r e m a i n s 
in t h e m e m b r a n e . Con t inu ing t h e process for 35 d a y s increases t h e p u r i t y of 
t h e colloid w i t h o u t loss of c h r o m i u m . If t h e i n t e rva l s in i n t e r m i t t e n t d ia lys is 
a r e m a d e smal ler , m o r e sa t i s fac tory resul t s a re t o be expec t ed . I n fact , b y con­
d u c t i n g t h e en t i r e process in very s h o r t in t e rva l s , t h e efficiency m a y e v e n exceed 
t h a t of c o n t i n u o u s dia lys is . T h e l a t t e r p rocedu re is, however , i m p r a c t i c a l . 
T h e v a r i a t i o n s in t h e r a t i o of J C r : Cl in t h e diffusates a re a c c o u n t e d for b y t h e 
a s s u m p t i o n of a g r a d u a l g r o w t h of t h e par t ic les . I n t h e i n t e r m i t t e n t process , 
t h e pa r t i c l e s do n o t g row sufficiently t o b e r e t a i n e d b y t h e m e m b r a n e , w h e r e a s 
in t h e c o n t i n u o u s process t h e y do . A. S imon a n d co-workers u sed t h e d ia lyze r 
r e c o m m e n d e d b y A. G u t b i e r a n d co-workers . T h e process of dialysis w a s s t u d i e d 
b y N . B j e r r u m b y m e a s u r i n g t h e osmot ic press , of t h e colloidal soln. I t is hence 
c a l c u l a t e d t h a t t h e colloidal c h r o m i u m par t i c l e consis ts of 1000 c h r o m i u m a t o m s 
a n d ca r r i es 30 free cha rges . T h e n u m b e r of ch romic oxide molecules in a colloidal 
p a r t i c l e is a b o u t 240. F o r c o m p l e t e coagu la t ion t h e necessary a m o u n t of ferro-
c y a n i d e c o r r e s p o n d s e x a c t l y w i t h t h e t o t a l cha rge on t h e colloid, whi l s t a b o u t 
15 per c e n t , excess of a m m o n i u m or p o t a s s i u m s u l p h a t e is r equ i r ed . T h e c o m ­
m e n c e m e n t of c o a g u l a t i o n is m a r k e d b y a s u d d e n b r e a k in t h e c u r v e o b t a i n e d b y 
p l o t t i n g c o n d u c t i v i t y a g a i n s t c.c. of a m m o n i u m s u l p h a t e . T h e sub j ec t w a s 
d i scussed b y A. Liot termoser a n d W . Riede l , a n d H . R i n d e . R . W i n t g e n a n d 
W . B i l t z g a v e 580 for t h e n u m b e r of c h r o m i c o x i d e molecules in a col loidal pa r t i c l e 
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a g e d b y boi l ing, a n d 750,000 for t h e case of a n a g e d ferric o x i d e col loidal pa r t i c l e . 
These n u m b e r s a r e of d o u b t f u l a c c u r a c y . J . R . I . H e p b u r n f o u n d t h a t t h e p r o d u c t 
o b t a i n e d a f te r a p r o l o n g e d freezing is col loidal in n a t u r e , b u t h a s s o m e p rope r t i e s 
u sua l ly r e g a r d e d a s c h a r a c t e r i s t i c of t h e c rys t a l l ine s t a t e . J . H . Y o e a n d 
E . B . F r e y e r m e a s u r e d t h e H"-ion cone , a n d v i scos i ty of hyd roso l s of c h r o m i c ox ide ; 
D . N* C h a k r a v a r t i a n d N . R . D h a r , t h e v i scos i ty of t h e sol in t h e p resence of 
e lec t ro ly tes ; B . Manego ld a n d R . H o f m a n n , t h e p e r m e a b i l i t y of m e m b r a n e s for 
t h e h y d r o s o l ; a n d S. H o r i b a a n d H . B a b a , t h e effect of l igh t on t h e o smo t i c p re s su re 
of t h e h y d r o s o l . 

C. P a a l p r e p a r e d a colloidal soln. of h y d r a t e d ch romic oxide b y r educ ing a 
soln. of a m m o n i u m c h r o m a t e w i t h col loidal p l a t i n u m in t h e p resence of s o d i u m 
p r o t a l b i n a t e wh ich a c t s a s a p r o t e c t i v e colloid. T h e colloid m a y be p a r t i a l l y 
purif ied b y d ia lys is . Soln . of a l u m i n i u m or ferric s a l t s give a p r e c i p i t a t e of h y d r a t e d 
oxide w h e n boiled w i t h s o d i u m a c e t a t e ; b u t w i t h c h r o m i c a c e t a t e soln. , H . Schifi, 
a n d B . R e i n i t z e r o b t a i n e d n o p r e c i p i t a t e w h e n t h e soln. was boi led ; n o r was a 
p r e c i p i t a t e o b t a i n e d in t h e cold w i t h a lka l i h y d r o x i d e , a m m o n i a , a m m o n i u m 
h y d r o x i d e or c a r b o n a t e , s o d i u m p h o s p h a t e , o r w i t h b a r i u m h y d r o x i d e or c a r b o n a t e . 
!Except in t h e case of s o d i u m p h o s p h a t e , t h e s e r e a g e n t s give p r ec ip i t a t e s w i t h 
boil ing soln. T h e r e is a slow a c t i o n b e t w e e n c h r o m i c sa l t a n d s o d i u m a c e t a t e 
in t h e cold, for, on s t a n d i n g some t i m e , in t h e p resence of a lkal i , t h e colour of t h e 
l iqu id c h a n g e s a n d a je l ly is fo rmed . I n t h e case of a boi l ing soln. of h y d r a t e d 
ch romic ox ide a n d s o d i u m a c e t a t e , t h e p r e c i p i t a t e fo rmed is p r o b a b l y a c o m p l e x 
a c e t a t e . I r o n a n d a l u m i n i u m a c e t a t e s assoc ia ted w i t h v io le t c h r o m i c a c e t a t e 
do n o t g ive a p r e c i p i t a t e w h e n boi led or w h e n t r e a t e d w i t h alkal i - lye or a q . a m m o n i a . 
This , sa id H . B . Weiser , is n o t d u e t o pep t i z ing a c t i o n of t h e a d s o r b e d h y d r a t e d 
ch romic ox ide because h y d r a t e d c h r o m i c ox ide is n o t t h e p r i m a r y p r o d u c t of t h e 
hydro lys i s of ch romic a c e t a t e , a n d , a s B . Re in i t ze r h a s shown , green c h r o m i c 
a c e t a t e does n o t p r e v e n t t h e p r e c i p i t a t i o n of h y d r a t e d ferric ox ide . T h e 
p h e n o m e n o n as p r o b a b l y t h e r e su l t of t h e f o r m a t i o n of t h e i ron -ch romic a c e t a t e s w a s 
s t u d i e d b y R . F . W e i n l a n d a n d E . G u z z m a n n . T h e al leged f o r m a t i o n of colloidal 
h y d r a t e d c h r o m i c ox ide , b y B . R e i n i t z e r a n d H . W . W o u d s t r a , b y d ia lyz ing soln. 
of ch romic a c e t a t e , does n o t seem r i g h t s ince bas ic c h r o m i c a c e t a t e s a re p r o b a b l y p ro ­
duced . M. Neid le a n d J . B a r a b o b t a i n e d n o colloid b y d ia lyz ing c h r o m i c a c e t a t e 
soln. i n t o w h i c h s u p e r h e a t e d s t e a m w a s p a s s e d ; n o r w a s a n y o b t a i n e d b y t h e 
dialysis of a cold soln. of purif ied c h r o m i c ch lor ide , a l t h o u g h H . M. Goodwin a n d 
F . W . G r o v e r o b t a i n e d a l i t t l e b y t h e d ia lys is of t h e c o m m e r c i a l ferric chlor ides . 
W . BiItz o b t a i n e d n o colloid b y t h e h y d r o l y s i s of soln. of c h r o m i c n i t r a t e , owing 
t o t h e sma l l h y d r o l y s i s of t h e sa l t a s o b s e r v e d b y H . W . W o u d s t r a . B. T a k e g a m i 
o b t a i n e d t h e col loid a t t h e c a t h o d e d u r i n g t h e e l ec t ro ly t i c r e d u c t i o n of ch romic 
acid ; a n d B . K a n d e l a k y , b y t h e h y d r o l y s i s of c h r o m i c e t h y l a t e . 

H . W . F i s c h e r s t u d i e d t h e so lub i l i ty of h y d r a t e d c h r o m i c ox ide in a so in. of 
ch romic ch lo r ide ; R . W i n t g e n a n d H . Wei sbecke r , t h e a m p h o t e r i c p rope r t i e s 
of t h e colloid ; a n d P . B a r y a n d J . V. R u b i o , E . Manego ld a n d R . H o f m a n n , a n d 
R . W i n t g e n a n d O. K u h n , t h e s t r u c t u r e of t h e colloid. F . H a b e r showed t h a t if 
t h e r a t e of a g g r e g a t i o n of a col loidal sol is h igh , a m o r p h o u s p r e c i p i t a t e s a re t o be 
expec t ed wh ich g r a d u a l l y , a n d p a r t i c u l a r l y on w a r m i n g , p a s s i n t o t h e c rys ta l l ine 
condi t ion . If, howeve r , t h e r a t e of a g g r e g a t i o n is dep res sed b y on ly s l ight ly 
exceeding t h e so lub i l i ty l imi t , t h e r a t e of a r r a n g e m e n t m a y b e sufficient t o cause 
t h e o rde r ly f o r m a t i o n of c ry s t a l s before t h e f o r m a t i o n of visible par t ic les h a s 
occurred . Th i s , h o w e v e r , i nvo lves a n a l t e r a t i o n in t h e r a t e of agg rega t ion d u e 
t o e lectr ical p h e n o m e n a a t t h e b o u n d a r y of t h e molecules a n d l iquid, t h e n e t 
resu l t of w h i c h is t h a t t h e g r o w t h of t h e a g g r e g a t e s is g r e a t l y i m p e d e d a n d sols a r e 
p roduced . 

The col loidal soln. of h y d r a t e d ch romic oxide p r e p a r e d as j u s t i nd i ca t ed was 
shown b y W . Bi l tz , a n d W . H e r z t o be a pos i t ive hydroso l because i t m i g r a t e s 
t o t h e c a t h o d e u n d e r t h e influence of a n e lec t r ica l s t ress . On t h e o t h e r hand > t h e 
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green colloidal soln. ob t a ined b y a d d i n g a n excess of a lka l i h y d r o x i d e t o a soln . 
of a chromic sa l t was found b y R . K i e m a n n t o b e a n e g a t i v e hydroso l b e c a u s e , 
u n d e r t h e influence of a n electr ical s t ress , i t m i g r a t e s t o t h e a n o d e . W . R e i n d e r s 
s tud i ed t h e electrophoresis of t h e colloid. T h e clear, n e g a t i v e colloidal soln. 
w a s found b y H . W. F i scher a n d W . H e r z t o p r e c i p i t a t e s p o n t a n e o u s l y o n s t a n d i n g , 
pa r t i cu l a r ly if t h e r a t i o of ch romic ox ide t o h y d r o x i d e is l a rge . Th i s is d u e t o 
t h e ageing of t h e h y d r a t e d oxide . A . H a n t z s c h also obse rved t h a t owing t o age ing , 
t he p rec ip i t a t ed a n d w a s h e d ch romic oxide is n o t p e p t i z e d b y a lkal ies . T h e 
colloid is p rec ip i t a t ed b y a d d i n g e lec t ro ly tes owing t o t h e a d s o r p t i o n of t h e c a t i o n s 
as observed b y H . W . F i scher . A . !Lot termoser f o u n d t h a t t h e u l t r a - n i t r a t i o n of 
t h e chromic oxide sol pep t i zed w i t h t h e co r re spond ing chlor ide g ives a f i l t ra te 
which con ta ins hydroch lor ic ac id of t h e s a m e H*-ion cone , a s t h a t of t h e sol. T h e 
mycel l ia therefore r e t a ins t h e chlor ide ion whose n e g a t i v e cha rge c o m p e n s a t e s 
t h e pos i t ive charge of t h e colloidal pa r t i c les . T h e c o n d u c t i v i t y of t h e sol is g r e a t e r 
t h a n t h a t of t h e u l t ra- f i l t ra te , a n d t h e difference is t a k e n t o r e p r e s e n t t h e t r u e 
c o n d u c t i v i t y of t h e mycel les w h i c h a r e r e g a r d e d a s c o m p l e x e lec t ro ly tes . 
A. B . D u m a n s k y a n d co-workers s t u d i e d th i s sub jec t . R . F r i cke a n d co-workers 
found t e t r a m c t h y l a m m o n i u m h y d r o x i d e t o be a s t r o n g p e p t i z i n g a g e n t . 

C. F . Nagel , W . T). Bancrof t , a n d N . Gr. Cha t t e r j i a n d N . R . I ) h a r showed t h a t 
t h e colloidal oxide can be r e m o v e d b y t h e ul t ra-f i l ter . W . Ri l tz a n d W . Giebel 
a d d e d t h a t t he colloidal soln. consis ts m a i n l y of amic rons , on ly a smal l p r o p o r t i o n 
of sub-mic rons are p resen t . The re h a s been some discussion a s t o w h e t h e r t h e 
colloidal soln. con ta ins a lka l i c h r o m i t e . H . W . F i sche r a n d W . H e r z sa id t h a t 
pep t i za t ion , n o t dissolut ion, occurs . Th i s is in a g r e e m e n t w i t h h y p o t h e s i s t h a t t h e 
soln. is rea l ly t h e colloidal oxide a n d t h e obse rva t i on of A. R. N o r t h c o t e a n d 
A. H . Church t h a t comple te soln. occurs in t h e presence of 40 p e r cen t , of ferric 
ox ide ; 12-5, m a n g a n o u s oxide ; or 20 pe r cent , of e i the r coba l t or n ickel ox ide , 
whe rea s comple t e p rec ip i t a t ion occurs w i th 80 pe r cen t , of ferric ox ide ; 60, of 
m a n g a n o u s oxide ; or 50, of e i ther coba l t or nickel oxide . Ana logous obse rva t i ons 
were m a d e b y M. P r u d ' h o m m e , a n d M. K r e p s . H . R. Weiser a n d G. L*. M a c k 
o b t a i n e d a n organoso l in p ropy l alcohol. 

Accord ing t o C. F . Nage l , w h e n a n excess of p o t a s s i u m h y d r o x i d e is a d d e d 
t o a soln. con ta in ing v a r i e d p ropor t i ons of ferric ch lor ide a n d c h r o m i c s u l p h a t e , 
t h e i ron is n o t p r ec ip i t a t ed in presence of excess of t h e c h r o m i c sa l t , a n d t h e 
c h r o m i u m is comple te ly p r ec ip i t a t ed w i t h t h e i ron w h e n t h e ferric s a l t is p r e s e n t 
in cons ide rab le excess. I t is supposed t h a t these effects a re d u e t o m u t u a l a d s o r p ­
t i on . I n a s imi lar way , t h e h y d r o x i d e s of m a n g a n e s e , coba l t , n ickel , copper , a n d 
m a g n e s i u m a re a b s o r b e d b y colloidal ch romic h y d r o x i d e , whi l s t t h i s is a lso a d s o r b e d 
a n d r e m o v e d from soln. b y t h e a b o v e h y d r o x i d e s w h e n t h e s e a r e p r e s e n t in 
r e l a t i ve ly la rge q u a n t i t i e s . I n presence of copper , c h r o m i u m is n o t p r e c i p i t a t e d 
b y a m m o n i a , a n d i t is sugges ted t h a t t h i s m a y be d u e t o t h e p resence of col loidal 
cup r i c h y d r o x i d e , wh ich adso rbs t h e ch romic h y d r o x i d e . T h e p e p t i z e d soln . 
g r a d u a l l y se t t l es l eav ing only a fa in t ly coloured l iquid ; a col lodion filter r e m o v e s 
all t h e h y d r a t e d oxide l eav ing in soln. a l i t t le ch romic chlor ide ; a n d p e p t i z e d 
h y d r a t e d c h r o m i c oxide c a n n o t be e x t r a c t e d f rom soln. w i t h benzene or l igh t 
p e t r o l e u m , b u t i t goes i n t o t h e d imer ic in ter face . J . K . W o o d a n d V. K . B l a c k 
t r e a t e d p r e c i p i t a t e d ch romic oxide w i t h v a r y i n g p r o p o r t i o n s of a soln . of a lka l i 
h y d r o x i d e of v a r y i n g c o n c e n t r a t i o n . T h e presence of c h r o m a t e i n t h e soln. , 
a f t e r t w o m o n t h s , i n d i c a t e d t h a t some c h r o m i t e h a d been fo rmed ; wh i l s t a soln. of 
c h r o m i c chlor ide t r e a t e d w i t h a la rge excess of a lkal i - lye, a f ter s t a n d i n g t w o m o n t h s , 
g a v e a col loidal p r e c i p i t a t e , a n d a yel low soln. of c h r o m a t e fo rmed b y ox ida t i on . 
T h e y c o n c l u d e d t h a t c h r o m i t e s d o ex is t in a n a lka l ine soln. of c h r o m i c h y d r o x i d e ; 
w h e n t h e soln. is f reshly p r e p a r e d a n d is k e p t a l i t t le t i m e , p a r t of t h e dissolved 
h y d r o x i d e s e p a r a t e s o u t in a less soluble form, a n d p r o b a b l y does , d u r i n g th i s pe r iod 
of t r a n s i t i o n , ex i s t for a t i m e in t h e colloidal cond i t ion , b u t w h e n all such prec ip i ­
t a t i o n h a s t a k e n p lace , a smal l a m o u n t of c h r o m i t e will st i l l b e p r e s e n t in t h e soln. 
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Accord ing t o E . Muller, w h e n a n excess of chromic oxide or h y d r o x i d e is shaken 
wi th aq . soln. of s o d i u m h y d r o x i d e for several days , t h e solubi l i ty is d e p e n d e n t 
on t h e t i m e of ag i t a t ion , r is ing t o a m a x i m u m a n d t h e n falling t o a c o n s t a n t va lue . 
B o t h t h e m a x i m u m a n d final solubili t ies a t t a i n the i r h ighes t va lues a t 142V-NaOH. 
I t is a s s u m e d t h a t c h r o m i u m h y d r o x i d e is a " solid-l iquid " in which s imple a n d 
po lymer ized molecules a re p r e sen t in homogeneous soln. On a c c o u n t of t h e 
m a g n i t u d e of t h e i n t e rna l friction, equi l ibr ium is only slowly a t t a i n e d . T h e 
ageing process does n o t so m u c h consis t in t h e 
enlarging of single par t ic les as in a progress ive 
change du r ing po lymer iza t ion a n d is t h u s essenti­
ally chemical in cha rac t e r . H . B . Weiser a d d e d 
t h a t even if ch romic oxide does possess sl ightly 
acidic proper t ies , n o t all t h e oxide is p r e sen t as 
ch romi te ; a n d i t is doub t fu l if a n y ch romi t e is 
p resen t w h e n s l ight ly m o r e alkal i- lye is p r e s e n t 
t h a n is needed t o p rec ip i t a t e t h e ch romic oxide 
comple te ly . H . N . H o l m e s a n d M. A. Die t r i ch 
observed t h a t mercur ic su lph ide is n o t precipi­
t a t e d b y h y d r o g e n su lph ide from a 0 -5A-hydro-
chloric acid soln. con ta in ing green chromic chlo­
ride a n d mercur i c chlor ide in excess of t h e r a t io 
2 : 1 , b u t is adso rbed by t h e colloidal chromic 
hyd rox ide p r o d u c e d b y t h e hydro lys i s of t h e 
chloride. T h e hydro lys i s increases on keeping, 
a n d af ter 48 h r s . p rec ip i t a t ion does n o t occur 
when t h e a b o v e r a t i o is 1 : 3-5, b u t th i s r a t i o 
m a y be depressed b y a sufficient concen t r a t ion of 
hyd rogen or s u l p h a t e ions. T h u s , ch romic s u l p h a t e has no influence on t h e p re ­
c ip i ta t ion . T h e fo rma t ion of colloidal ch romic hyd rox ide is p r o b a b l y preceded 
by t he convers ion of t h e green chromic chlor ide in to t h e violet form. T h e order 
of t h e a d s o r p t i o n is reversed b y us ing a large excess of mercur ic chlor ide a n d 
p rec ip i t a t ing f rom a h o t 0-5A-acid soln. K . C. Sen found t h a t t h e abso rp t i on of 
acids b y chromic oxide can be s u m m a r i z e d in F i g . 18. 

H . B . Weiser r epo r t ed t h a t t h e p rec ip i t a t ion va lues for p o t a s s i u m sal ts for a 
nega t ive colloidal soln. con ta in ing 365 g r m s . of chromic oxide pe r l i t re were for 
ferr icyanide, 0-485 mill ieq. pe r l i t re ; c h r o m a t e , 0-525 ; d i ch roma te , 0-535 ; sul­
p h a t e , 0-550 ; oxa la te , 0-570 ; ioda te , 0-635 ; 
b roma te , 19*0 ; chlor ide, 30-0 ; b r o m i d e , 33-0 ; 
chlorate , 33-8 ; a n d iodide, 37-5. M. B j e r r u m ob­
served t h a t b y a d d i n g a soln. of 0-1 A - a m m o n i u m 
su lpha te t o a soln. con ta in ing 0 1 1 2 mols of Cr, 
a n d 0-01 mol of n i t r i c acid, t h e e lectr ical conduc­
t iv i ty of t h e soln. a l t e red as i nd i ca t ed in F ig . 19. 
K. F . P o r t e r m e a s u r e d t h e H*-ion cone, of a nega­
t ive colloidal soln. of h y d r a t e d ch romic oxide con­
ta in ing 2-5 gr ins . C r 2 O 3 pe r l i t re , w h e n 5 c.c. were 
t r e a t ed w i t h 15 c.c. of a soln. con ta in ing sa l t a n d 
acid. A r a p i d p rec ip i t a t i on of t h e colloid occur red 
when t h e pH was b e t w e e n 3-5 a n d 6-0. The floccu-
lat ion of t h e colloidal soln. was also s tud ied b y 
A. Miolati a n d F . Masce t t i , a n d JST. B je r rum, 
A. I v a n i t z k a j a a n d L . Orlova, S. JL. J i n d a l a n d N . R . D h a r , K . Mohanla l a n d 
N. R . D h a r , W . V. B h a g w a t a n d N . R . D h a r , S. Ghosh a n d N . R . D h a r , K . C. Sen 
and M. R . Mehro t r a , K . C. Sen a n d N . R . D h a r , a n d R . W i n t g e n a n d H . L o w e n t h a l . 
H. B . Weiser also s t ud i ed t h e i locculat ion of a colloidal soln. of chromic oxide b y 
mixed e lec t ro ly tes ; a n d for t h e p rec ip i t a t ion va lue of a nega t ive colloidal soln. 
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F I G . 19.—The Effect of Ammo­
nium Sulphate on the Floccu-
lation of a Colloidal Solution 
of Chromic Oxido. 
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o b t a i n e d b y a d d i n g 45 c.c. of 22V-KOH t o 5 c.c. of a soln. of c h r o m i c ch lor ide 
con ta in ing 4O grms . of chromic oxide p e r l i t re , t h e r e su l t w i t h b a r i u m ch lor ide 
was 5-15 millieq. pe r l i t re ; p o t a s s i u m chlor ide , 500*0 ; s o d i u m chlor ide , 210-0 ; 
l i t h i u m chloride, 51-0 ; s o d i u m s u l p h a t e , 315-0 ; a n d s o d i u m a c e t a t e , 2 2 0 0 . S. R o y 
a n d N . R . Dh a r s tud ied t h e coagu la t ion of t h e colloid in l igh t . T . K a t s u r a i observed 
t h a t t h e hydroso l of ch romic ox ide does n o t c o a g u l a t e l ike t h a t of ferric ox ide w h e n 
h e a t e d u n d e r press . 

B . Rein i tzer p r e p a r e d a hydrogel b y boi l ing a soln. of a ch romic sa l t a n d sod ium 
ace ta te , r endered a lka l ine by alkal i - lye or a m m o n i a , a n d a l lowing i t t o se t t o a je l ly . 
E . H . Bunce a n d Li. S. F i n c h o b t a i n e d a jel ly b y a l lowing a m i x e d soln. of alkal i -
lye a n d ch rome a l u m t o s t a n d . T h e y d id n o t ge t t h e je l ly b y us ing soln. of c h r o m i c 
su lpha te , n i t r a t e , or chloride ; b u t C. F . Nage l o b t a i n e d t h e jel ly w i t h s u l p h a t e 
b y keep ing down t h e cone, of t he alkal i . H . B . Weise r obse rved t h a t t h e r a p i d 
a d d i t i o n of a sl ight excess of alkal i - lye t o a soln. of ch romic chlor ide p r o d u c e s a 
nega t i ve colloidal soln. which p rec ip i t a t e s slowly fo rming a je l ly ; if t h e pre­
c ip i t a t ion is has t ened b y hea t i ng t h e soln., or b y a d d i n g a su i t ab le a m o u n t of 
e lec t ro ly te , t h e prec ip i ta t ion i i r a p i d a n d i t is ge l a t inous b u t n o t a j e l l y ; a n d 
finally, if t he h y d r a t e d oxide h a s been p e p t i z e d b y a la rge excess of a lkal i , t h e 
p rec ip i t a t e forms slowly a n d is g ranu l a r . R . Gr iessbach a n d J . Eisele o b t a i n e d t h e 
gel b y pept iz ing t he hydroso l . J . H a u s l e r a n d B . K o h n s t e i n o b t a i n e d t h e gel 
by separa te ly a tomiz ing an acid soln. of c h r o m i c ac id a n d an a lka l ine soln. of sucrose 
in a mix ing chamber , a n d recover ing t h e col loidal h y d r o x i d e . D . N . C h a k r a v a r t i 
a n d N. R . L)har found t h a t d u r i n g dia lys is of a h y d r o s o l of h y d r a t e d c h r o m i c oxide , 
t h e l iquid becomes more viscid a n d finally gela t in izes . S. P r a k a s h a n d N . R . D h a r 
found t h a t t he soln. of 4 c.c. 0-5M-CrCl 3 , a n d 8 c.c. of 3-57A^-CH3-COONa, m i x e d 
in half a n hour with 2 c.c. of 2 i V - ( N H 4 ) 2 S 0 4 a n d 5 c.c. of 2-342V-NH4OH a d d e d d r o p 
b y d r o p , a n d t he soln. m a d e u p t o 20 c . c , se ts t o a je l ly in 6^ h r s . a t 30° . T h e 
viscosi t ies of t h e soln. were : 

Age . . O 30 00 OO 12O 150 min. 
Viscosity . U-01465 O-01469 0-01527 0-01646 0-U1873 0-02208 

K . C. Sen a n d M. K. Mehro t r a s t ud i ed t h e p e p t i z a t i o n of ch romic h y d r o x i d e 
b y a rsen ious acid ; a n d K . C. Sen, b y sugar . S. G. M o k r u s k i n a n d O. A. Es in 
e x a m i n e d t h e adso rp t ion of ani l ine dyes b y c h r o m i c ox ide ; N . N ik i t i n , t h e a d s o r p ­
t i o n of a m m o n i a ; C E . W h i t e a n d N . K. Gordon , a n d K. E . P o r t e r , o rgan ic d y e s ; 
H . B . Weiser , oxa la t e s ; K . C. Sen, benzoic a n d ace t i c ac ids . T h e y found t h a t 
h y d r a t e d ch romic oxide adsorbs acids a n d arsen ious ac id m o r e t h a n h y d r a t e d 
c h r o m i c or ferric oxides adso rbs arsenic t r i ox ide ; a n d N . R . D h a r a n d co -worke r s 
f o u n d t h a t v a r i o u s m e t a l s a l t s—Zn, Cd, Co, a n d N i — b u t n o t Ag sa l t s , a r e a d s o r b e d . 
Accord ing t o E . Toporescu , w h e n c h r o m i u m is p r e c i p i t a t e d b y a m m o n i a f rom soln . 
of i t s sa l t s c o n t a i n i n g ca lc ium or m a g n e s i u m , t h e a m o u n t s of t h e s e sa l t s ca r r i ed 
d o w n increase w i t h t he i r concen t r a t i on , a n d t e n d t o w a r d s l imi t s co r r e spond ing 
w i t h t h e ch romi t e s , Cr 2 O 3 .3CaO a n d C r 2 0 3 . 3 M g O , respec t ive ly . T h e ca l c ium or 
m a g n e s i u m m a y be r e m o v e d f rom such p rec ip i t a t e s b y w a s h i n g t h e m on t h e filter 
o r b y d e c a n t a t ion w i t h a boi l ing 5 pe r cen t . soln. of a m m o n i u m n i t r a t e . 
H . B . Weise r a n d E . E . P o r t e r s t ud i ed t h e effect of t h e H ' - i o n cone, of soln. on t h e 
a d s o r p t i v i t y of h y d r a t e d ch romic ox ide . 
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§ 1 1 . Chromites 

T T y d r a t e d c l i r o m i c o x i d e s h o w s p r o n o u n c e d b a s i c p r o p e r t i e s u n i t i n g w i t h a c i d s 
t o f o r m t e r v a l e n t c h r o m i u m s a l t s . I t i s , h o w e v e r , a n a m p h o t e r i c o x i d e a n d i t a c t s 
a s a w e a k b a s e f o r m i n g s a l t s - — c h r o m i t e s — w h i c h h a v e t h e s p i n e l f o r m u l a R C C r 2 O 3 , 
o r R ( 0 r O 2 ) 2 - T h e s e s a l t s c a n b e r e g a r d e d a s m e t a c h r o m i t e s d e r i v e d f r o m 
m e t a c h r o m o u s acid, H C r O 2 , or H O . C r O ; t h e r e a r e also i nd i ca t ions of t h e fo rma­
t i on of orthochromites , der ived from o r t h o c h r o m o u s acid, H 3 C r O 3 , o r C r ( O H ) 3 . 
Accord ing to F . H e i n a n d H . Meininger , 1 c h r o m i u m t r i p h e n y l h y d r o x i d e C r ( C 6 H 5 ) 3 O H 
is n e a r l y as s t rong a base as sod ium h y d r o x i d e . R . W i n t g e n a n d H . W e i s b e c k e r 
s t u d i e d t h e a m p h o t e r i c p roper t i e s of ch romic ox ide hydroso l . 

Z. W e y b e r g r e p o r t e d c rys ta l s of l i th ium chromite , L i C r O 2 , t o be fo rmed a long 
w i t h l i t h i u m a l u m i n a t e when m i x t u r e s of a n excess of l i t h i u m c h r o m a t e w i t h c h i n a 
c l ay a re calc ined. T h e b r o w n powder consis ts of microscopic , i so t rop ic , o c t a h e d r a l 
c rys t a l s . As p rev ious ly ind ica ted , t h e r e a r e differences of op in ion as t o t h e n a t u r e of 
t h e green l iquid o b t a i n e d w h e n freshly p r e c i p i t a t e d h y d r a t e d c h r o m i c o x i d e is t r e a t e d 
w i t h a lkal i - lye . T h e process is one of e i the r p e p t i z a t i o n or d i sso lu t ion ; o r else i t 
i nc ludes b o t h . R . K r e m a n n , M. K r e p s , a n d J . K . W o o d a n d V. K . B l a c k cons ider 
t h a t t h e soln. of h y d r a t e d ch romic oxide in a lka l i is c h r o m i t e ; while W . H e r z a n d 
H . W . F ischer , A. H a n t z s c h , C. F . Nagel , W . Y. B h a g w a t a n d N . R . D h a r , a n d 
H . B . Weiser cons ider i t t o be pep t i zed , h y d r a t e d ch romic ox ide . C. F r i c k e a n d 
O. W i n d h a u s e n d e t e r m i n e d t h e so lubi l i ty of h y d r a t e d ch romic ox ide a p p r o x i ­
m a t i n g C r 2 O 3 . 9 H 2 O , expressed in gr ins . C r 2 O 3 pe r 1OO c.c. of soln. , a f ter t h r e e d a y s ' 
d iges t ion in a soln. of s o d i u m h y d r o x i d e a t o r d i n a r y t e m p , a n d o b t a i n e d t h e 
fol lowing resu l t s : 

A ' - N a O I I . 0-5 0 71 C-IO 9-89 10-OO 1 1 0 6 1 4 1 5 15-63 
C r 2 O 3 0-25 0-5 1-58 2-89 2-68 1-9O 0-80 0-4O 
K o r K' . 3-6 3-4 3-2 3-4 2-7 2-6 2-3 1-5 

NaCrO2 Na8CrO3 

W i t h 17-42-ZV-NaOH, t h e soln. w a s a l m o s t colourless, Z = [ N a O H ] / [ C r ] , a n d 
i £ ' = [ N a O H ; ] 3 / [ C r ] . T h e resu l t s a re p l o t t e d in F i g . 20 . 

A c c o r d i n g t o E . Muller , t h e equ i l i b r i um c o n d i t i o n b e t w e e n a soln. of s o d i u m 
h y d r o x i d e a n d c h r o m i c h y d r o x i d e is v e r y s lowly a t t a i n e d . T h e cu rves , F i g . 2 1 , r ise 
t o a m a x i m u m a n d t h e n fall t o a m i n i m u m v a l u e , d u e , i t is supposed , t o t h e c h r o m i c 
h y d r o x i d e d i sso lv ing u n c h a n g e d in t h e lye ; i t t h e n c h a n g e s b y t h e loss of w a t e r i n t o 
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a less soluble oxide , a c h a n g e w h i c h is acce le ra t ed b y h e a t . I t is a s s u m e d t h a t t h e 
equ i l i b r ium c o n d i t i o n s a r e : C r ( O H ) 3 -f- 3 N a O H ^ N a 3 C r O 3 + 3 H 2 O ; C r ( O H ) 3 
+ 2 N a O H ^ N a 2 H C r 0 3 + 2 H 2 0 ; a n d C r ( O H ) 3 + N a O H ^ N a H 2 C r 0 8 + H 2 0 ; followed 
b y N a H 2 C r 0 3 + H 2 O ^ N a C r 0 2 + 2 H 2 0 . R . F r i c k e a n d O. W i n d h a u s e n s tud ied t h i s 
sub j ec t a n d found t h a t w h e n h y d r a t e d ch romic oxide is t r e a t e d w i t h s o d i u m 
h y d r o x i d e , t h e f o r m a t i o n of c h r o m i t e p recedes t h e fo rma t ion of t h e h y d r o x i d e . 
W i t h s o d i u m h y d r o x i d e be low 1OJV9 p r i m a r y s o d i u m c h r o m i t e is fo rmed , whi l s t 
a b o v e 1OiV t h e soln. c o n t a i n s also t e r t i a r y s o d i u m c h r o m i t e . P o t a s s i u m c h r o m i t e 
is s imi la r ly p r o d u c e d ; be low 82V-alkali on ly t h e p r i m a r y c h r o m i t e is formed, whi l s t 
a b o v e SN t h e soln. c o n t a i n s also s e c o n d a r y c h r o m i t e . F r o m soln. of p o t a s s i u m 
c h r o m i t e w h i c h h a v e s t ood for a long t i m e , need le - shaped c rys t a l s of t h e fo rmula 
C r 2 O 3 . 3 K 2 0 , 8 H 2 O h a v e been o b t a i n e d . R . B . Corey found t h a t t h e c lear s u p e r n a t a n t 
l iquor left b y c h r o m i c h y d r o x i d e s e t t l i ng f rom soda- lye con t a in s no c h r o m i u m , 
showing t h a t c h r o m i c h y d r o x i d e is inso luble in t h a t m e n s t r u u m , a n d t h e a p p a r e n t 
so lubi l i ty is r ea l ly p e p t i z a t i o n a n d n o t a case of soln. N . Demaas i eux a n d 
J . H e y r o v s k y infe r red t h a t soln. of a lka l i c h r o m i t e a r e n o t t r u e soln. b u t c o n t a i n 
colloidal c h r o m i c h y d r o x i d e . T h e p r i m a r y s o d i u m m e t a c h r o m i t e , N a C r O 2 , is 
formed w i t h a lkal i - lye be low 1OiV-NaOH ; a n d s o d i u m orthochromite , N a 3 C r O 3 , 
a b o v e t h a t cone. J . d ' A n s a n d J . Loffler o b t a i n e d N a C r O 2 b y t h e ac t ion of 
ch romic ox ide o n s o d i u m h y d r o x i d e . J . H e y r o v s k y o b t a i n e d s imi lar r e su l t s 
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FiO. 20. T h e Solubi l i ty of H y d r a t e d 
Chromic Oxide in So lut ions of 
S o d i u m H y d r o x i d e . 

5 7 S // /3 /5 /7 /3 
/VormdLl/ty of/V<3 0// 

F i o . 21.-—The Solubi l i ty of Chromic 
H y d r o x i d e in Solut ions of Sod ium 
H y d r o x i d e . 

with p o t a s s i u m h y d r o x i d e as t h o s e o b t a i n e d w i t h soln. of s o d i u m h y d r o x i d e ; below 
8iV-KOH, on ly p o t a s s i u m m e t a c h r o m i t e , K C r O 2 , is fo rmed, a n d a b o v e t h a t con­
cen t r a t i on , p o t a s s i u m orthochromite , K 3 C r O 3 . Z. W e y b e r g found t h a t b y me l t i ng 
m i x t u r e s of ch ina c lay a n d a lka l i c h r o m a t e , c h r o m i c ox ide first s e p a r a t e s ou t , a n d 
a f t e rwards t h e c h r o m i t e . If t h e soln. of p o t a s s i u m c h r o m i t e be a l lowed t o s t a n d 
for a long t i m e , need l e - shaped c rys t a l s of t h e t e t r a h y d r a t e , K 3 C r O 3 . 4 H 2 O , a re 
depos i ted . These conclus ions were conf i rmed b y obse rva t i ons on t h e f.p., a n d 
p o t e n t i a l of t h e soln. M. K r e p s cou ld n o t p r e p a r e p o t a s s i u m a n d s o d i u m chro-
mi tes in t h e d r y w a y , because in s u b s e q u e n t l y wash ing o u t t h e excess of a lkal i 
wi th wa te r , t h e c h r o m i t e is d e c o m p o s e d . R . K r e m a n n found t h a t t h e m o v e m e n t s 
t o w a r d s t h e a n o d e of t h e g reen soln. of h y d r a t e d ch romic ox ide in cone , a lkal i - lye 
d e m o n s t r a t e s t h e ex i s tence of c h r o m i t e s ; t h e h y d r a t e d ch romic h y d r o x i d e is n o t 
p resen t m e r e l y a s a colloid because i t c a n diffuse t h r o u g h p a r c h m e n t i n to t h e 
a lkal ine soln. H . P . C a d y a n d R . Taf t found p o t a s s i u m c h r o m i t e t o be inso lub le 
in l iquid s u l p h u r d iox ide . P . C. B o u d a u l t said t h a t p o t a s s i u m fer r icyanide oxidizes 
a soln. of p o t a s s i u m c h r o m i t e t o c h r o m a t e . T h e sa l t is spa r ing ly soluble in 
acids. 

J . F . P e r s o z o b t a i n e d cuprous chromite , CuCrO 2 , b y calc ining cupr ic c h r o m a t e 
m a crucib le exposed t o t h e r e d u c i n g ac t ion of t h e furnace gases , a n d e x t r a c t i n g t h e 
p r o d u c t w i th h y d r o c h l o r i c ac id ; a n d L . a n d P . W o h l e r o b t a i n e d i t b y h e a t i n g one 
of t h e bas ic cup r i c c h r o m i t e s w i t h a n excess of cupr ic ox ide a b o v e 900°, a n d 
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e x t r a c t i n g t h e m a s s w i t h n i t r ic acid of sp . gr . 1-4. C u p r o u s c h r o m i t e f o r m s s teel -
b l u e or l ead-grey t r i a n g u l a r p l a t e s of sp . gr . 5*237. I t is s t a b l e in o x y g e n a b o v e 
875°, a n d in air above 770°. I t does n o t oxidize in o x y g e n a t a p ress , of 1087 m m . 
a t 1020°. I t is soluble in n i t r i c ac id of s p . gr . 1-4 ; b u t a m i x t u r e of n i t r i c ac id 
a n d p o t a s s i u m ch lora te oxidizes t h e c h r o m i u m t o c h r o m i c ac id . K . E i s c h b e c k a n d 
E . E inecke p r e p a r e d th i s sa l t a n d f o u n d t h a t b y c a t h o d i c po l a r i z a t i on in 2 p e r cen t , 
su lphur ic acid, i t is oxidized t o c h r o m a t e . L . a n d P . W o h l e r a n d W . P l u d d e m a n n 
t r i ed t h e sa l t as a c a t a ly t i c a g e n t for ox id iz ing s u l p h u r d iox ide . 

J . F . Persoz o b t a i n e d cupric chromite , C u ( C r 0 2 ) 2 , ° y h e a t i n g t o r edness c u p r i c 
chromate—Li. a n d P . W o h l e r w o r k e d a b o v e 8 7 0 ° — a n d e x t r a c t i n g t h e p r o d u c t 
wi th hydroch lor ic acid ; L . a n d P . W o h l e r o b t a i n e d i t b y h e a t i n g t h e c u p r o u s 
sa l t in oxygen below 870°, a n d e x t r a c t i n g t h e m a s s w i t h n i t r i c ac id ; t h e y 
p r e c i p i t a t e d m i x e d cupr ic a n d ch romic h y d r o x i d e s f rom a soln . of t h e m i x e d 
s u l p h a t e s in eq . p ropor t i ons b y m e a n s of s o d i u m c a r b o n a t e , h e a t e d t h e w a s h e d 
p r o d u c t in oxygen a t 700°, a n d t h e n e x t r a c t e d i t w i t h dil . ac ids ; C. H . B o e h r i n g e r 
t r e a t e d a soln. of basic cupr ic ch lor ide w i t h coppe r t e t r a m m i n o x i d e ; a n d M. G e r b e r 
h e a t e d t o redness a m i x t u r e of cupr ic ch lor ide a n d p o t a s s i u m d i c h r o m a t e , a n d w a s h e d 
t h e p r o d u c t first w i th boil ing wa te r , a n d t h e n w i t h h y d r o c h l o r i c ac id . T h e b lu i sh -
b l ack a m o r p h o u s or crys ta l l ine p r o d u c t d e c o m p o s e s s lowly a t 1000°. If t h e c o m ­
p o u n d be mixed wi th cupr ic oxide , a n d h e a t e d in v a c u o , o x y g e n beg ins t o b e g i v e n 
off a t 600°. The pa r t i a l press , of t h e o x y g e n is 176 m m . a t 779° ; 440 m m . a t 840° ; 
a n d 795 m m . a t 875°. A t 850°, 38 CaIs. a r e needed . T h e sa l t is n o t so luble 
in di l . ac ids , or in cone, hydroch lor ic ac id ; i t is n o t a t t a c k e d b y s u l p h u r d iox ide ; 
b u t i t is oxidized b y fused p o t a s s i u m n i t r a t e . E . W o h l e r a n d E . Mah la , a n d L . a n d 
P . W o h t e r a n d W . P l u d d e m a n n s tud i ed i t s a c t i on as a c a t a l y s t in t h e o x i d a t i o n of 
s u l p h u r d ioxide . 

L. a n d P . W o h l e r a n d co-workers o b t a i n e d a bas i c s a l t , cupric oxyoctochroiriite, 
CuO.4Cvi(CrO2)2 , b y h e a t i n g c o m m e r c i a l cup r i c c h r o m a t e , in o x y g e n a t 650°—700°, a n d 
e x t r a c t i n g t h e m a s s w i t h n i t r i c ac id . T h e b l a c k p r o d u c t d e c o m p o s e s a t 1000°. M. R-osen-
feld o b t a i n e d cupric trioocychromite, 3 C u O . C u ( C r 0 2 ) 2 , b y h e a t i n g 6 C u C C r 2 O 3 - C r O 3 ; cupric 
hexoxy chromite, GCuO.Cu(Cr0 2 ) 2 , b y h e a t i n g 7 C u O . 2 C r O 8 . 5 H 2 O ; a n d cupric tridecoxy-
chromite, 13CuCCu(CrO 2 ) . , , b y h e a t i n g 7 C u O . C r O 3 . 5 H 2 O ; a n d t h e a c i d s a l t , cupric hexa,-
chromite, CuO-SCr 2 O 3 , b y h e a t i n g CuCr 4 O 9 -Cr 2 O 3 . 12H 2 O. 

Accord ing t o K . S. N a r g u n d a n d H . E . W a t s o n , m i x t u r e s of c a l c i u m a n d c h r o m i c 
oxides , w h e n h e a t e d in vacuo , yield c a l c i u m chromite , Ca(Cr0 2 )2 ; w h i c h w h e n 
t r e a t e d wi th ac ids , yields OaO.2Cr 2O 3 . Z. W e y b e r g o b t a i n e d t h e s a m e p r o d u c t a s 
p r i s m a t i c , p leochroic , green needles b y me l t ing ch ina c l ay w i t h a l a rge excess of 
p o t a s s i u m c h r o m a t e a n d ca lc ium oxide . M. K r e p s o b t a i n e d ca l c ium c h r o m i t e b y 
a d d i n g a m m o n i a t o m i x e d soln. of ca lc ium chlor ide a n d c h r o m e - a l u m . F . d e Car l i 
sa id t h a t t h e r e a c t i o n b e t w e e n ch romic oxide a n d ca lc ium ox ide beg ins a t 550° . 
M. Gerbe r p r e p a r e d ca l c ium c h r o m i t e b y me l t i ng a m i x t u r e of m o l . p r o p o r t i o n s of 
p o t a s s i u m d i c h r o m a t e a n d a n h y d r o u s ca lc ium chlor ide , e x t r a c t i n g t h e m a s s w i t h 
w a t e r , a n d w a s h i n g t h e p r o d u c t w i t h boil ing, cone, hyd roch lo r i c ac id . E . D u f a u 
o b t a i n e d i t b y h e a t i n g a m i x t u r e of ch romic a n d ca lc ium ox ides in a n e lec t r ic 
fu rnace . K . F i s c h b e c k a n d E . E i n e c k e p r e p a r e d t h i s sa l t b y d i r ec t s in t e r ing of t h e 
c o m p o n e n t s . E . D u f a u f o u n d t h a t t h e d a r k o l ive-green p r o d u c t furn ishes a 
c rys t a l l i ne p o w d e r , or p leochroic , p r i s m a t i c needles , a n d i t h a s a sp . gr . of 4-8 a t 
18°, a n d a h a r d n e s s of 6. W h e n h e a t e d in oxygen , i t fo rms ca l c ium c h r o m a t e 
a n d c h r o m i c ox ide ; t h e o x i d a t i o n begins be low 100° in a i r ; i t is a t t a c k e d b y 
f luorine, o r ch lor ine w h e n w a r m e d ; h y d r o g e n fluoride or ch lor ide a t t a c k s i t a t 
a r e d - h e a t , b u t hydrof luor ic or h y d r o c h l o r i c ac id h a s n o ac t ion , n o r h a s s u l p h u r i c 
o r n i t r i c ac id . I t is d e c o m p o s e d b y m o l t e n p o t a s s i u m c a r b o n a t e , n i t r a t e , or 
c h l o r a t e ; Z. W e y b e r g a d d e d t h a t i t is s lowly a t t a c k e d b y p o t a s s i u m h y d r o s u l p h a t e . 
T . J . P e l o u z e p r e p a r e d c a l c i u m o x y c h r o m i t e , C a O . C a ( 0 r O 2 ) 2 , b y a d d i n g p o t a s s i u m 
h y d r o x i d e o r a m m o n i a t o a m i x t u r e of a m o l of c h r o m e - a l u m a n d 2 mol s of ca l c ium 
c h P r i d e ; H . Moissan o b t a i n e d c a l c i u m tr ioxychromite , 3CaO.Ca(CrO 2 J 2 , in ye l low 
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p la t e s , b y h e a t i n g c h r o m i u m a n d ca l c ium oxide in a n e lec t r ic fu rnace ; a n d E . Dufau , 
b y h e a t i n g a m i x t u r e of c h r o m i c a n d c a l c i u m ox ides in t h e e lec t r ic fu rnace . 
I t m i g h t b e a d d e d t h a t t h e p o t t e r y colour , e m e r a l d green , is p r e p a r e d b y h e a t i n g 
ch romic ox ide w i t h a l a rge p r o p o r t i o n of ca lc ium c a r b o n a t e . A . Mi tscher l ich 
o b t a i n e d b a r i u m chromi te , B a ( C r 0 2 ) 2 , b y h e a t i n g a m i x t u r e of c h r o m i c a n d b a r i u m 
oxides t o a w h i t e - h e a t . T h e c rys t a l s a r e soluble in hyd roch lo r i c ac id ; a n d 
M. Ge rbe r o b t a i n e d i t a s a g r een c rys ta l l ine p o w d e r b y m e l t i n g a m i x t u r e of 
a n h y d r o u s b a r i u m ch lor ide a n d p o t a s s i u m d i c h r o m a t e , a n d w a s h i n g t h e cold 
p r o d u c t w i t h di l . h y d r o c h l o r i c ac id . M. K r e p s also p r e p a r e d b a r i u m c h r o m i t e b y 
t h e ac t ion of a m m o n i a on a soln. of c h r o m e - a l u m a n d b a r i u m chlor ide . E . d e Carl i 
said t h a t t h e r e a c t i o n w i t h c h r o m i c oxide a n d b a r i u m oxide begins a t 220°. 
E . D u f a u o b t a i n e d b a r i u m oc tochromi te , B a O . 4 C r 2 O 3 , in b lack , hexagona l c rys ta l s 
of sp . gr . 5*4 a t 15°, b y h e a t i n g a m i x t u r e of t h e t w o oxides in a n electr ic a rc- furnace . 
The p r o d u c t is s t a b l e . W h e n h e a t e d in oxygen , i t forms b a r i u m c h r o m a t e a n d 
ch romic oxide ; i t is s lowly a t t a c k e d w h e n h e a t e d w i t h h y d r o g e n fluoride or chlor ide ; 
acids a re w i t h o u t a c t i o n ; b u t i t is easi ly a t t a c k e d b y fused a lka l i c a r b o n a t e . 

E . Ma l l a rd a n d J . J . E b e l m e n m e l t e d t o g e t h e r be ry l l i um a n d ch romic oxides in 
t h e p resence of bor ic oxide , a n d o b t a i n e d a d a r k g reen p o w d e r cons is t ing of c rys ta l s 
of bery l l ium chromite , B e ( 0 r O 2 ) 2 . T h e c rys t a l s r e semble a l e x a n d r i t e . T h e 
so-called chrome spinel, (Mg5Ee)O.(Al3Cr)2O3 , f rom L h e r z 1WaS cal led Iherzolite b y 
J . C. De la rne the r i e , b u t i t w a s descr ibed ear l ier b y P . P i c o t de la P e y r o u s e , a n d 
hence t h e n a m e picotite. G. M. Bock , M. W e b s k y , a n d A. B r e i t h a u p t descr ibed 
a r e l a t ed m i n e r a l w h i c h was cal led magnochromite, or magnesiochromite—vide 
infra, c h r o m i t e . Ana lyses of p ico t i t e a n d m a g n e s i o c h r o m i t e were r e p o r t e d b y 
T. T h o m s o n , B . K o s m a n n , E . S a n d b e r g e r , A. D a m o u r , A. Hi lger , Gr. C. Hof fmann , 
C E r i e d h e i m , a n d T. P e t e r s e n . E . S. S i m p s o n p roposed t h e t e r m p icrochromite 
—TTLKpos, b i t t e r , in a l lus ion t o t h e b i t t e r t a s t e of m a g n e s i u m sa l t s—for m e m b e r s 
of t h e sp ine l - ch romi te series a p p r o a c h i n g in compos i t i on M g ( C r 0 2 ) 2 , d iscussed b y 
T. S. H u n t , T . P e t e r s e n , E . Glasser , e t c . T h e r e a re four c o m p o n e n t s , a n d t h e 
e n d - t e r m s a r e : (1) spinel, Mg(AlO 2 J 2 —includ ing spinel , ceyloni te , a n d 
m a g n e s i o c h r o m i t e ; (2) hercynite, Ee (AlO 2 J 2 —inc lud ing h e r c y n i t e a n d p i co t i t e ; 
(3) picrochromite, Mg(CrO 2 J 2 —includ ing p i c r o c h r o m i t e a n d c h r o m o p i c o t i t e or 
m a g n e s i o c h r o m i t e ; a n d (4) chromite, E e ( C r 0 2 ) 2 — i n c l u d i n g c h r o m i t e , a n d 
beresofite. J . J . E b e l m e n o b t a i n e d m a g n e s i u m chromite , Mg(CrO 2J 2 , b y me l t i ng 
a m i x t u r e of c h r o m i c a n d m a g n e s i u m oxide w i t h bor ic ox ide in a porce la in oven, 
a n d e x t r a c t i n g t h e p r o d u c t w i t h hyd roch lo r i c ac id . E . Schwei tze r o b t a i n e d i t b y 
calcining p o t a s s i u m m a g n e s i u m c h r o m a t e a n d e x t r a c t i n g t h e res idue w i t h di l . 
a n d a f t e r w a r d s w i t h h o t cone , ac id ; K . E i s c h b e c k a n d E . E i n e c k e , b y t h e s in te r ing 
of t h e c o m p o n e n t s ; M. Gerber , b y m e l t i n g a m i x t u r e of a n h y d r o u s m a g n e s i u m 
chloride a n d p o t a s s i u m d i c h r o m a t e , a n d e x t r a c t i n g t h e p r o d u c t w i th h o t cone, 
hydroch lo r i c ac id ; W* ^ - Nichols , b y a d d i n g a n excess of a m m o n i a t o a soln. 
of a m i x t u r e of a m o l of m a g n e s i u m s u l p h a t e a n d 1-19 mols of c h r o m e - a l u m a n d 
some a m m o n i u m ch lo r ide—M. K r e p s u sed a s imi lar p r o c e s s — a n d E . D u f a u , b y 
hea t i ng in t h e e lect r ic a rc - fu rnace a m i x t u r e of c h r o m i c a n d m a g n e s i u m oxides . 
M. I J . H u g g i n s s h o w e d t h a t t h e c ry s t a l s a re of t h e spinel t y p e , a n d h e d iscussed 
t he e lec t ronic s t r u c t u r e . S. Ho lge r s son found t h a t t h e X - r a d i o g r a m g a v e for t h e 
la t t ice p a r a m e t e r a = 8 * 3 2 A. a n d t h e s p . gr. 4-45 ; Lt. Passe r in i gave a=S-29 A., t h e 
sp. gr. 4-49, a n d t h e vo l . of u n i t cell 569-72 X 1 0 ~ 2 4 c.c. J . J . E b e l m e n sa id t h a t t h e 
d a r k g reen o c t a h e d r a h a v e a s p . gr . 4*415 a t 15° a n d s c r a t c h glass b u t n o t q u a r t z . 
E. D u f a u g a v e 4-6 for t h e sp . gr . a t 20°, a n d sa id t h a t t h e h a r d n e s s is g r ea t e r t h a n t h a t 
of q u a r t z . F . Be i j e r inck f o u n d t h a t i t is a good c o n d u c t o r of e lec t r ic i ty ; b u t i t is 
n o t m a g n e t i c . E . D u f a u o b s e r v e d t h a t t h e c o m p o u n d is n o t c h a n g e d w h e n s t rong ly 
h e a t e d ; i t is ox id i zed w i t h difficulty b y o x y g e n a t a r e d - h e a t ; i t is n o t a t t a c k e d b y 
chlor ine or b r o m i n e ; i t is a t t a c k e d w i t h difficulty b y hydrof luor ic or hyd roch lo r i c 
acid ; J . J . E b e l m e n sa id t h a t i t is n o t a t t a c k e d b y cone , hyd roch lo r i c ac id . E . D u f a u , 
a n d E , Schwe i t ze r f o u n d t h a t i t is easi ly a t t a c k e d b y ho t , cone, su lphur i c ac id ; i t is 
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n o t a t t a c k e d b y boi l ing n i t r ic ac id ; i t is insoluble in a lka l i - lye ; a n d i t is s lowly 
a t t a c k e d b y m o l t e n p o t a s s i u m n i t r a t e a n d c h l o r a t e — a n d , a d d e d W . R . Nichols , i t 
is s lowly oxidized t o c h r o m a t e b y fused s o d i u m c a r b o n a t e a n d p o t a s s i u m n i t r a t e . 
W. R. Nichols obtained magnesium oxyehromite, MgO.Mg(Cr02)2 , by adding 
a n excess of a m m o n i a to a m i x e d soln. of c h r o m e - a l u m a n d a n excess of m a g n e s i u m 
su lpha t e . O. Viard o b t a i n e d i t a s a pa le b r o w n p o w d e r , b y ca lc in ing a t a r ed -
h e a t e i ther m a g n e s i u m c h r o m a t e , or p o t a s s i u m m a g n e s i u m c h r o m a t e . W h e n 
fur ther h e a t e d i t passes i n t o m a g n e s i u m o x y o c t o c h r o m i t e , M g 0 . 4 M g ( C r 0 2 ) 2 ; 
if po t a s s ium d i c h r o m a t e m i x e d "with m a g n e s i u m ox ide b e h e a t e d t o r edness , 
m a g n e s i u m oxytetrachromite , M g 0 . 2 M g ( C r 0 2 ) 2 , is fo rmed . Acco rd ing t o 
M. R. N a y a r a n d co-workers , m a g n e s i u m c h r o m a t e d e c o m p o s e s a t 650°, fo rming 
ch romi te s from which t h e m a g n e s i u m o x y o c t o c h r o m i t e , M g 0 . 4 M g ( C r 0 2 ) 2 , c a n b e 
o b t a i n e d as a n insoluble res idue af ter e x t r a c t i o n w i t h hyd roch lo r i c ac id ; a m i x t u r e 
of equ imola r p ropo r t i ons of magnes i a a n d c h r o m i c ox ide a b o v e 600° y ie lds m a g ­
n e s i u m oxydecachromite , M g 0 . 5 M g ( C r 0 2 ) 2 . W . R . Nichols p r e p a r e d m a g n e s i u m 
tetrachromite , MgO.2Cr 2O 3 , b y a d d i n g a m m o n i a t o a m i x e d soln . of a mol of 
m a g n e s i u m su lpha te a n d 2*02 mols of c h r o m e - a l u m . 

J . J . E b e l m e n p repa red z inc chromite , Zn(CrO 2 J 2 , b y t h e m e t h o d u s e d for t h e 
m a g n e s i u m sa l t ; M. Gerber , b y h e a t i n g a m i x t u r e of a n h y d r o u s z inc ch lor ide 
a n d an excess of po t a s s ium d i c h r o m a t e ; G. Chance l , a n d M. Oroger , b y a d d i n g 
p o t a s s i u m h y d r o x i d e t o a m i x e d soln. of e q u i m o l a r p a r t s of a zinc a n d a c h r o m i c 
sa l t ; a n d G. Viard, b y pass ing t h e v a p o u r of z inc ch lor ide in a c u r r e n t of n i t r o g e n 
or c a r b o n dioxide over h e a t e d p o t a s s i u m c h r o m a t e , a n d w a s h i n g t h e m a s s w i t h 
wa te r , a n d cone, hydroch lor ic acid. K . ITischbeck a n d E . E i n e c k e m a d e i t as in 
t h e case of t h e magnes ium sal t . M. L . H u g g i n s showed t h a t t h e c ry s t a l s a r e of 
t h e spinel t y p e a n d h e discussed t h e e lec t ronic s t r u c t u r e . Acco rd ing t o J . J . E b e l ­
m e n , t h e b lack oc tahedra l c rys ta l s h a v e a sp . g r . 5-309, a n d t h e y a r e h a r d e r t h a n 
q u a r t z . G. Via rd gave 5*29 for t h e sp . gr. a t 13°. L . Pas se r in i c a l c u l a t e d 4-436 
for t h e sp . gr. from t h e l a t t i ce d a t a ; a n d found t h e l a t t i c e h a s t h e side a=8-280 A. ; 
S. Holgersson gave a = 8-323 A. W . Bi l tz a n d co-workers d i scussed t h e m o l . vo l . 
E . W . Flosdorf a n d G. B . K i s t i a k o w s k y e x a m i n e d a m i x t u r e of c h r o m i c a n d zinc 
ox ides as a ca ta lys t . 

M. Gr6ger prepared violet -brown zinc 1P entoxyhe.ocachrom.it C9 5ZnO. 3Zn(CrO 2 ) 2 , b y bea t ing 
potass ium zinc chromate, and extract ing t h e product w i th water ; G. Viard obta ined zinc 
oxydichromite, ZnO.Zn(CrO2)2 , b y calcining a m m o n i u m zinc chromate ; zinc oxytetra,-
chromite9 ZnO.2Zn(CrO2)2 , b y calcining a mixture of zinc chloride and potas s ium chromate ; 
a n d zinc oxydecachromite, ZnO.5Zn(CrO2)2 , b y calcining at a red-heat a m i x t u r e of z inc 
ox ide a n d potass ium dichromate. 

Gr. V i a r d o b t a i n e d c a d m i u m chromite , b y pass ing t h e v a p o u r of c a d m i u m 
chlor ide , in a c u r r e n t of n i t rogen or c a r b o n dioxide , over p o t a s s i u m c h r o m a t e a t 
a w h i t e - h e a t ; a lso b y h e a t i n g c a d m i u m c h r o m a t e t o du l l r edness , o r l ikewise b y 
h e a t i n g a m i x t u r e of c a d m i u m oxide a n d p o t a s s i u m d i c h r o m a t e . K . F i s c h b e c k 
a n d E . E i n e c k e m a d e i t a s in t h e case of t h e m a g n e s i u m sa l t . M. L . H u g g i n s 
s h o w e d t h a t t h e c rys t a l s a re of t h e spinel t y p e a n d h e d iscussed t h e e lec t ronic 
s t r u c t u r e . B. Ho lge r s son g a v e a~8-60 A. for t h e l a t t i ce p a r a m e t e r , a n d 5-84 for 
t h e s p . gr. Accord ing t o G. V ia rd , t h e b l ack , o c t a h e d r a l c ry s t a l s h a v e a sp . gr. of 
5-79 a t 17° ; t h e y s c r a t c h glass b u t n o t q u a r t z ; a n d t h e y a re s t ab l e in ac ids . 

I i . Pas se r in i f o u n d t h a t c h r o m i c ox ide fo rms a series of solid soln. when i t is h e a t e d 
w i t h a l u m i n a , b u t no a l u m i n i u m c h r o m i t e is fo rmed ; t h e l a t t i ce c o n s t a n t s of t h e 
sol id soln. r a n g e f rom « = 4 * 9 5 0 A. for C r 2 O 3 t o 4-740 A. for Al 2 O 3 , a n d c—6-806 A. t o 
6-478 A. S. Veil h e a t e d compressed m i x t u r e s of eerie a n d c h r o m i c oxides , a n d de te r ­
m i n e d t h e e lec t r ica l conduc t iv i t i e s a n d coeff. of m a g n e t i z a t i o n of t h e m i x t u r e s . T h e 
r e s u l t i n g c u r v e s i n d i c a t e d t h e ex i s t ence of eerie d ichromite , CeO 2 -Cr 2 O 3 ; eerie 
tritoctochromite, 3Ce0 2 .4Cr 20 3 ; eerie tetrachromite, CeO2.2Cr2O3, or Ce(CrO2J4 ; 
a n d eer ie deeaehromi te , CeO 2 . 5Cr 2 O 3 ; a n d t h e p r o b a b l e ex i s t ence of eer ie 
pentitadichromite, 5CeO2-Cr2O3 ; eerie heptitoctochxomite, 7CeO2.4Cr2O3 ; and 
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eerie oe todeeaehromi te , CeO 2 . 9Cr 2 O 3 . Gr. Chance l m i x e d a lka l ine soln. of l e ad 
a n d c h r o m i c oxides , a n d o b t a i n e d a g reen p r e c i p i t a t e of l ead c h r o m i t e , P b ( C r 0 2 ) 2 . 
S. H . C. Br iggs o b t a i n e d a n t i m o n y o x y c h r o m i t e , 2Sb 2 O 3 -Cr 2 O 3 , b y h e a t i n g 3*5 
g r m s . of a n t i m o n y oxych lo r ide , 2SbOCLSb 2 O 3 , w i t h 8 g r m s . of c h r o m i c t r i ox ide 
a n d 8 c.c. of "water in a sea led t u b e for 5 h r s . a t 200°. T h e b r o w n p o w d e r w a s 
t h o r o u g h l y w a s h e d a n d dr ied . I t w a s inso luble in a lka l i - lye , w a t e r , ac ids , a n d 
a q u a regia . S. H . C. Br iggs h e a t e d a m i x t u r e of 5 g r m s . of b i s m u t h oxych lo r ide , 
6 g r m s . c h r o m i c t r i o x i d e , a n d 6 c.c. of w a t e r in a sea led t u b e a t 200° for 5 h r s . 
T h e b r o w n p r o d u c t , b i s m u t h o x y c h r o m i t e , 3Bi 2 O 3 . 2Cr 2 O 3 , r e sembled a n t i m o n y 
o x y c h r o m i t e . F o r tungfstic e h r o m i t e , vide infra, c h r o m i u m t u n g s t a t e . C. F . R a m -
melsbe rg o b t a i n e d w h a t w a s t h o u g h t t o b e a ye l lowi sh -b rown p r e c i p i t a t e of u r a n i u m 
ehromi te m i x e d w i t h c h r o m a t e b y t r e a t i n g u r a n i u m t e t r a c h l o r i d e w i t h p o t a s s i u m 
c h r o r a a t e . 

J . J . E b e l m e n o b t a i n e d m a n g a n e s e ehromi te , Mn(CrO 2 ) 2 b y h e a t i n g a m i x t u r e 
of m a n g a n o u s a n d c h r o m i c ox ides a n d bor ic ox ide in a porce la in oven , a n d wash ing 
t h e p r o d u c t w i t h h o t , cone , h y d r o c h l o r i c ac id . K . F i s c h b e c k a n d E . E i n e c k e m a d e 
i t as in t h e case of t h e m a g n e s i u m sa l t . M. G e r b e r o b t a i n e d i t b y m e l t i n g a m i x t u r e 
of a n h y d r o u s m a n g a n e s e ch lor ide a n d p o t a s s i u m d i c h r o m a t e . M. L . H u g g i n s 
s h o w e d t h a t t h e c r y s t a l s a r e of t h e spinel t y p e a n d h e d iscussed t h e e lec t ronic 
s t r u c t u r e . J . J . E b e l m e n found t h a t t h e i ron-grey , o c t a h e d r a l c rys t a l s h a v e a 
sp . gr . of 3-87. S. Ho lge r s son gave for t h e space - l a t t i ce a—8-487 A. J . J . E b e l m e n 
found t h a t t h e c r y s t a l s s c r a t c h glass ; t h e y res is t a t t a c k b y ac ids , a n d a r e ox id ized 
b y m o l t e n p o t a s s i u m h y d r o x i d e a n d p o t a s s i u m n i t r a t e — v i d e infra, m a n g a n e s e 
c h r o m a t e . 

T h e d i scove ry of ferrous ehromi te , F e ( C r 0 2 ) 2 , or FeO-Cr 2 O 3 , b y L . N . V a u q u e l i n 2 

h a s b e e n p r e v i o u s l y d iscussed . T h e occu r r ence a n d some ana lyses of t h e mine ra l 
h a v e also been i n d i c a t e d . 

Analyse s h a v e been reported b y H. Abich , E . Becb i , E . Berthier, O. M. Bock , J. C. B o o t h 
arid C. Lea, L. H . Borgs trom, A . Chris tomanos , F . W . Clarke, E . Divers , L. JJuparc and 
S. P . de Rubie s , T . H . Garrett , A . Hilger, A. H o f m a n n , O. C. H o f m a n n , K. v o n J o h n and 
C. F . Eiehle i tner , M. Z. Jovic ic , E . Kaiser , A . K n o p , F . Kovar , H . E . K r a m m , A. Lacroix, 
A. Langier, A . Livers idge, W . GL Maynard , GL P . Merrill, A . Moberg, H . Pember ton , 
T. Petersen , J . H . Prat t , G. T. Prior, C. F . Rammel sberg , L. E . R-ivot, F . R y b a , H . Seybert , 
E . V. Shannon, E . S. S impson, J . L . Smi th , W . Tass in , H . Traube, G. Tschermak, F . W . Voi t , 
T. W a d a , W . Wal lace and R. B. . Clark, M. W e b s k y , a n d A. E . V. Zeal ly . 

The fo rmula w a s d i scussed b y C F . R a m m e l s b e r g , P . Niggli , E . S. S impson , 
N . F e d e r o w s k y , a n d A. L a c r o i x . Li. W . F i s h e r found t h a t p u r e e h r o m i t e h a s been 
found on ly in m e t e o r i t e s ; w i t h o t h e r va r i e t i e s t h e r e is a w ide v a r i a t i o n in t h e 
p r o p o r t i o n s of ac id a n d base . N e a r l y al l t h e c h r o m i t e s w h i c h h a v e b e e n a n a l y z e d 
show one o r m o r e ox ides in excess . Th i s m a y be d u e t o i n c o m p l e t e s e p a r a t i o n 
of e h r o m i t e a n d g a n g u e . C o n s e q u e n t l y , i t s c o m p o s i t i o n can s e ldom b e r ep re sen t ed 
b y a def ini te f o r m u l a . C h r o m i t e is a m e m b e r of t h e spinel fami ly , b u t all t h e fami ly 
c a n n o t b e r e p r e s e n t e d in def ini te i s o m o r p h o u s series. 

T h e m i n e r a l w a s ca l led iron-chrome, o r r a t h e r Eisenchrom b y P . Meder , a n d 
D . L . Gr. K a r s t e n ; siderchrom, b y J . J . N . H u o t ; chromoferrite, b y E . J . C h a p m a n ; 
and ehromi te , b y W . H a i d i n g e r . A l t h o u g h t h e compos i t i on a p p r o x i m a t e s Fe(CrO 2 J 2 , 
t h e i ron m a y b e in p a r t r ep l aced b y m a g n e s i u m t o f o r m magnochromite or magnesio-
chromite {q.v.)9 s p e c i m e n s of wh ich were descr ibed b y A. B r e i t h a u p t , M. W e b s k y , a n d 
U. M. B o c k . S o m e of t h e c h r o m i u m m a y b e r ep l aced b y a l u m i n i u m a n d b y ferric 
i ron as in t h e chromopicotite f rom t h e D u n Mt . , N e w Zea land , desc r ibed b y T. P e t e r ­
sen. C h r o m i t e t h u s m e r g e s b y g r a d a t i o n s i n t o spinel—e.g . picotite. A . L a c r o i x 
descr ibed a b l a c k m i n e r a l f rom M a d a g a s c a r t o w h i c h h e g a v e t h e n a m e chromo-
hercynite, a n d i t s c o m p o s i t i o n a p p r o x i m a t e d F e ( C r 0 2 ) 2 . ( F e , M g , M n ) ( A 1 0 2 ) 2 , 
a n d i t s s p . g r . 4-415. A c c o r d i n g t o H . A r s a n d a u x , t h e c h r o m i t e of Mow Dje t i , 
Togo, is a chromiferous ferropicotite, ( M g , F e , M n ) 0 . ( C r , A l , F e ) 2 0 3 . T h e mitchellite 
of J . H . P r a t t c a n be r e p r e s e n t e d b y (Fe 5Mg)O.(Cr 9Al) 2O 3 . T h e m i n e r a l chromitite 
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o b t a i n e d b y M. Z. Jov ic ic f rom W e s t e r n Siber ia is poss ib ly a m i x t u r e of c h r o m i t e 
a n d m a g n e t i t e . T h e i ncomple t e ana lys i s co r responds w i t h Fe 2 O 3 -Cr 2 O 8 , b u t 
ferric and ferrous oxides a r e n o t d i s t ingu i shed in t h e ana lys i s . T h e s p . gr . is 3-1 . 
H . Fo re s t i e r a n d G. C h a u d r o n found t h a t ferric a n d ch romic oxides fo rm solid 
soln. 

The special occurrence of chromite was discussed b y A. Arzruni. E . Berwerth, E . Cohewi 
and E . Weinschenk, L. Colomba, J. S. Diller, C. Doelter, E . v o n Federoff a n d W . N ik i t in , 
L. Caacuel, A. C. Gill, S. G. Gordon, H . S. Harper, R. Helmhacker , V. Hi lber a n d I . I p p e n , 
F. C. B o c h s t e t t e r , C. Hut ter , E . Jvaiser, P . ICato, J. IA. Lewis , A . Liversidge, L. F . Lubo-
^etzky, R. W . E . Mac lvor , H . B . Maufe a n d co-workers, M. P . Melnikoff, A. Michel -Levy, 
.X. K. Prat t , A. Rocat i , B . Simmerebach, E . V. Shannon, A . Stella, O. Stutzer, P . A. Wagner , 
W. Wal lace a n d R. M. Clark, O. Weiss , H . E . Wil l iams, E . Zirkel, e tc .—v ide supra, t h e 
occurrence of chromium. 

T h e or igin of c h r o m i t e was discussed b y B . B a u m g a r t e l , F . Beysch l ag a n d co­
worke r s , C. Camsel l , A. H i m m e l b a u e r , A. de L a u n a y , J . H . P r a t t , F . R y b a , 
G. M. S c h w a r t z , E . S a m p s o n , Li. W . F isher , F . E . K e e p , C. S. Ross , J . T. S ingewald , 
J . H . L . Vogt , a n d P . A. W a g n e r . The occur rence of c h r o m i t e in m e t e o r i t e s w a s 
desc r ibed b y E . Cohen, A. Da i ib rce , A. E b e r h a r d , L.. F l e t c h e r , H . B v o n F o u l l o n , 
W . Ha id inge r , O. W . H u n t i n g t o n , G. F . K u n z , A. Laug ie r , N . S. Maske lyne , 
C. F . R a m m e l s b e r g , G. Rose , C. U . Shepa rd , J . L . S m i t h , F . S t r o m e y e r , 
G. T s c h e r m a k , T. N . TschernyscholT, R . D . M. Veerbeck , V. W a r t h a , a n d F . W o h l e r . 

J . J . E b e l m e n ob t a ined black o c t a h e d r a l c rys ta l s b y h e a t i n g in a porce la in 
o v e n a m i x t u r e of chromic a n d ferric oxides , t a r t a r i c acid , a n d bor ic ox ide ; 
S. Meunie r , b y h e a t i n g a m i x t u r e of i ron filings, ferrous c a r b o n a t e a n d p o t a s s i u m 
d i c h r o m a t e , or a m i x t u r e of a l u m i n a , co lco thar , ch romic oxide , a n d cryol i te , o r 
a m i x t u r e of c h r o m e oxide , fer rous chlor ide , in a c ruc ib le l ined w i t h c ryo l i t e ; 
a n d M. Gerber , b y m e l t i n g a m i x t u r e of a n h y d r o u s ferrous chlor ide a n d p o t a s s i u m 
d i c h r o m a t e . Ch romi t e was also p r e p a r e d b y J . A. H e d v a l l , a n d X . F i s c h b e c k 
a n d E . E i n e c k e , b y h e a t i n g a n i n t i m a t e m i x t u r e of t h e c o m p o n e n t ox ides ; a n d 
b y S. Meunier , b y h e a t i n g chlor ides of i ron a n d c h r o m i u m in h y d r o g e n , a n d af ter­
w a r d s i n s t e a m . J . H . P r a t t found a pe r ido t i t i c m a g m a , c o n t a i n i n g a n excess of 
magnes i a , a n d a l i t t le a l u m i n i u m a n d ch romic oxides , in which c rys t a l s of c h r o m i t e 
were p r e s e n t ; a n d J . H . L . Vog t obse rved t h a t c h r o m i t e a n d p i c o t i t e s eem t o 
s e p a r a t e first f rom such m a g m a s . J . Clouet , a n d F . F o u q u e a n d A. Miche l -Levy 
desc r ibed c rys t a l s of a p r o d u c t w i t h c rys t a l s l ike t hose of ch romi t e , b u t w i t h t h e 
c o m p o s i t i o n ferrous oxychromi te , F e O . F e ( C r 0 2 ) 2 ; t h e y were o b t a i n e d b y a d d i n g 
a m m o n i a t o a m i x e d soln. of i ron a n d c h r o m i u m su lpha te s , a n d h e a t i n g t h e prec ip i ­
t a t e "with b o r a x . C. S a n d o n n i n i obse rved t h a t no ferr i te is fo rmed w h e n a m i x t u r e 
of fe r rous a n d c h r o m i c h y d r o x i d e s is oxidized. 

C h r o m i t e c o m m o n l y occurs in g r a n u l a r or c o m p a c t masses of a n i ron-b lack 
or b r o w n i s h - b l a c k colour, which , accord ing t o J . Thou le t , m a y be yel lowish- or 
b r o w n i s h - r e d w h e n v iewed b y t r a n s m i t t e d l igh t in t h i n sec t ions . C h r o m i t e a lso 
occu r s in o c t a h e d r a l c rys t a l s descr ibed b y E . H u s s a k . J . Kon igsbe rge r p r o v e d 
t h a t t h e c rys t a l s a r e i so t ropic . G. S u k k o w found some c rys t a l s t w i n n e d acco rd ing 
t o t h e sp ine l l aw ; a n d A. K n o p observed some c h r o m i t e c rys t a l s w i t h g r o w t h s 
of r u t i l e a n d z i rcon. F e r r o u s a n d m a g n e s i u m ch romi t e s form solid soln. ; so 
a l so d o fe r rous c h r o m i t e a n d fe r rous a l u m i n a t e . T h e r e is a lso ev idence t h a t s o m e 
fer r i tes a n d c h r o m i t e s fo rm solid soln. L . W. F i s h e r found t h a t m e m b e r s of t h e 
sp ine l f ami ly a r e n o t a l w a y s i s o m o r p h o u s , b u t t h a t t hese series a r e so : (i) spinel , 
m a g n o c h r o m i t e , a n d c h r o m i t e ; (ii) m a g n e t i t e , k r e i t t o n i t e , dys lu i t e , a n d j a h r i t c ; 
(iii) sp ine l , magnes io fe r r i t e , a n d m a g n e t i t e ; a n d (iv) g a h n i t e , spinel , a n d f rank l in i t e . 
P i F . K e r r s t u d i e d t h e X - r a d i o g r a m s ; a n d P . E . W r e t b l a d , a n d L . Pas se r in i found 
t h a t ferr ic a n d c h r o m i c ox ides fu rn i sh a c o m p l e t e series of solid soln. w i t h cells 
h a v i n g a x i a l r a t i o s a n d dens i t i e s w h i c h a r e l inear func t ions of t h e compos i t i on . T h e 
s u b j e c t w a s d i scussed b y G. G r e n e t . X«. T o k o d y found t h a t t h e cub ic l a t t i ce of 
c h r o m i t e h a s a = 8 - 0 5 A., a n d e i g h t mols . pe r u n i t l a t t i c e ; a n d S, Holgersson g a v e 
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« = 8 - 3 1 9 A. P . Niggl i d i scussed t h e l a t t i ce s t r u c t u r e which is t a k e n t o be t h a t of t h e 
spinels—vide m a g n e t i t e . H . S c h n e i d e r h o h n discussed t h e m i c r o s t r u c t u r e of 
pol i shed sec t ions of t h e mine ra l . L . W . F i she r sa id t h a t t h e colour of t h e s e sec t ions 
co r re sponds r o u g h l y w i t h t h e chemica l compos i t ion . W i t h a low- p r o p o r t i o n of 
ch romic ox ide as i n p ico t i t e , t h e colour is ye l lowish-brown ; a n d w i t h a h igh 
p r o p o r t i o n of c h r o m i c ox ide t h e colour is deep cher ry - red or coffee-brown. 
A n a s t o m o s i n g b lack , o p a q u e l ines t r a v e r s i n g t r a n s l u c e n t g ra ins a r e d u e t o t h e 
p resence of a foreign s u b s t a n c e p r e s e n t e i the r as a solid soln., or depos i t ed a s a 
c e m e n t a long n a r r o w or inc ip ien t f rac tu res . T h e sp . gr. of t h e m i n e r a l r a n g e s 
f rom 4-1 t o 4-9 ; E . F . H a r r o u n a n d E . Wi l son gave 3-88 t o 4-15. J . J . E b e l m e n ' s 
artificial c h r o m i t e h a d a sp . gr. of 4-97—vide infra. T h e less t h e p r o p o r t i o n of i ron, 
t h e smal le r t h e sp . gr. , a n d t h e h a r d e r t h e m i n e r a l on t h e o c t a h e d r a l face. T h e 
h a r d n e s s is a b o u t 5*5. P . J . H o l m q u i s t o b t a i n e d t h e following resu l t s for t h e c u t t i n g 
h a r d n e s s on t h e o c t a h e d r a l faces w h e n t h e h a r d n e s s of q u a r t z is 1000. T h e 
ha rdnesses of t h e s amp le s w i t h a n as te r i sk a r e m e a n va lues for all t h e faces. 

Sp. gr. . 
Hardness 

. 3-6 
1779 

3 2 
1621 

3-6 
1531* 

4 1 1 6 
1232* 

4-283 
1031* 

4-283 
806* 

The h a r d n e s s decreases from t h a t spinel p rope r , M g ( A l O 2 ^ 5 ^ 8 t h e p r o p o r t i o n of 
i ron a n d c h r o m i u m increases . Y . T a d o k o r o found t h e coeff. of t h e r m a l expans ion 
a n d sp . gr . of c h r o m i t e b r icks t o be : 

20° 100° 250° 500° 750° 050° 
Sp. gr. . . 2-982 2-978 2-966 2-945 2-925 2-910 
Cooff. expans ion 0-Oa70 0 0 5 9 7 0-0590 0-0688 0-O59O 

The t h e r m a l expans ions of c h r o m i t e f rom different sources , b e t w e e n 20° a n d 1000°, 
in oxid iz ing a n d r e d u c i n g a t m . , were : 

Oxidizing. !Reducing. 
Rhodes ian . . . . . . 7-29 X 10~ e 17-45 x l O ~ 6 

African . . . . . . 8-51 X Kh"6 3 9 O l X IO~6 

Grecian . . . . . . 8-32 X 10~ 6 10-00 X 10~6 

Ind ian . . . . . . 7-29 X 10~« 15-91 X 10"6 

F . H . N o r t o n gave for t h e t h e r m a l c o n d u c t i v i t y : 
200° 400° 600° 800° 1000° 1200° 1400° 

H e a t c o n d u c t i v i t y . 0 0 0 3 4 0-O037 O-O039 0 0 0 4 0 0 0 0 4 0 0 0 0 4 1 0-0041 

H . K o p p found t h e sp . h t . of c h r o m i t e t o be 0-159 b e t w e e n 16° a n d 47°. E . D . Clark, 
a n d Gr. Spezia found t h a t c h r o m i t e fuses in t h e o x y h y d r o g e n f lame. A. B r u n found 
samples of c h r o m i t e w i t h m . p . , r espec t ive ly , 1670° a n d 1850°. C. Doe l t e r cons idered 
these resu l t s t o o h igh a n d g a v e 1450° for t h e m . p . of a s ample from K r a u b a t h 
a n d a d d e d t h a t t h e m i n e r a l was l iqu id a t 1600°. T h e m . p . of t h e mine ra l n a t u r a l l y 
d e p e n d s on t h e p r o p o r t i o n of i ron , e t c . E . S. L a r s e n found t h e i ndex of ref rac t ion 
t o be 2-08 t o 2-10. W . W . Coblen tz obse rved t h a t t h e u l t r a - r ed reflecting power 
of c h r o m i t e is un i fo rmly 4 p e r cen t , b e t w e e n wave- l eng ths lft a n d llyu,. A. de 
G r a m o n t s t u d i e d t h e s p a r k s p e c t r u m . W . T. W h e r r y found c h r o m i t e t o be a 
good r ad io -de t ec to r . T . W . Case sa id t h a t c h r o m i t e is a poo r e lec t r ica l conduc to r , 
a n d t h e c o n d u c t i v i t y is n o t affected b y exposu re t o l ight . K . F i schbeck a n d 
E . E i n e c k e f o u n d t h e res i s t ance t o be a b o u t 22 X 10 4 ohms . R . D . H a r v e y s tud i ed 
th i s sub jec t . C h r o m i t e is n o t m a g n e t i c , b u t i t m a y a p p e a r t o be m a g n e t i c if 
c o n t a m i n a t e d w i t h m a g n e t i t e . E . F . H e r r o u n a n d E . Wilson gave 79 X 10—6 mass 
un i t s for t h e m a g n e t i c suscep t ib i l i t y ; a n d F . S t u t z e r a n d co-workers gave 244 X 1 0 - 6 

uni t s for t h e coeff. of m a g n e t i z a t i o n . H . A. J . Wi lkens a n d H . B . C. N i t ze d iscussed 
t he m a g n e t i c s e p a r a t i o n of c h r o m i t e . E . v o n Federoff obse rved p s e u d o m o r p h s 
of haemat i te a f te r c h r o m i t e . Accord ing t o E . Za l insky , ac ids a re w i t h o u t ac t ion 
on c h r o m i t e ; finely p o w d e r e d m a g n e t i t e w a s d issolved b y hydrof luor ic ac id 
u n d e r c o n d i t i o n s w h e r e c h r o m i t e w a s n o t a t t a c k e d . O n t h e o t h e r h a n d , G. P io l t i 
said t h a t 200 c.c. of s u l p h u r i c ac id , m i x e d w i t h a n equa l vol . of w a t e r , d issolved 
13-42 p e r cen t , of c h r o m i t e i n a b o u t 56 h r s . ; a n d a soln. of oxal ic ac id in t h e s a m e 
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t i m e f o r m e d a green soln. Y . K a t o a n d R . I k e n o d iscussed t h e processes for decom­
pos ing c h r o m i t e . 

R . J . E l l io t o b t a i n e d d a r k g reen cobalt chromite , Co(Cr02)2> D y p r e c i p i t a t i n g 
a m i x e d soln. of equ imo la r p a r t s of c h r o m e - a l u m a n d coba l t chlor ide b y s o d i u m 
c a r b o n a t e . T h e p r o d u c t is n o n - m a g n e t i c . G. N a t t a a n d Lr. Passe r in i o b t a i n e d 
c o b a l t ch romi t e a n d found t h a t t h e l eng th of u n i t cell of t h e spinel t y p e is a = 8 - 3 1 A . ; 
t h e vo l . is 5 7 4 x 1 0 — 2 4 c.c. ; a n d t h e sp . gr . 5-14. J . A. H e d v a l l h e a t e d a m i x t u r e 
of coba l t a n d chromic oxides a n d o b t a i n e d o c t a h e d r a l c rys t a l s of coba l t c h r o m i t e 
wh ich a re b u t l i t t le a t t a c k e d b y acids . K . F i s chbeck a n d E . E i n e c k e p r e p a r e d 
c o b a l t ch romi t e b y s in ter ing a m i x t u r e of t h e c o m p o n e n t oxides ; a n d s imi la r ly 
also w i t h n icke l chromite , Ni (CrO 2 )2- R- J- E l l io t a lso o b t a i n e d n ickel c h r o m i t e 
b y a process ana logous t o t h a t u sed for t h e coba l t sa l t . T h e grey ish-green n ickel 
c h r o m i t e is non -magne t i c . S. Veil found t h a t t h e m a g n e t i z a t i o n coefE. of m i x t u r e s 
of t h e c o n s t i t u e n t oxides show m a x i m a c o r r e s p o n d i n g w i t h t h e p u r e ch romi t e s . 
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119, 1 8 5 5 ; O. C. Hoffmann, ib., (4), 13 . 242, 1 9 0 2 ; F . H . Nor ton , Journ. Amer, Ger. Soc., 
10. 30, 1927 ; R. £>. Harvey , Econ. Oeol., 28. 778, 1928 ; G. N a t t a and Ii . Passerini , Oazz. Chim. 
Ital., 59. 280, 1929 ; J . L. Smith , Gompl. Bend., 92. 981 , 1881 ; Amer. Journ. Science, (3), 2 1 . 
461 , 1881 ; C. TJ. Shepard, ib., (2), 2. 382, 1846 ; (2), 15. 365. 1853 ; G. F . K u n z , ib., (3), 34 . 
477, 1887 ; E . Zalinsky, Centr. Min., 647, 1902 ; N . Federowsky , ib., 76, 1927 ; R . B r a u n s , 
ib., 266, 1927 ; J . Konigsberger, ib., 565, 597, 1 9 0 8 ; A. K n o p , Ber. Oberrh. Oeol. Ver., 22. 10, 
1889 ; 23 . 2(), 189O ; Neues Jahrb. Min., 697, 1877 ; T . W a d a , Minerals of Japan, Tokyo , 1904 ; 
K. Divers, Chem. News, 44. 217, 3881 ; H . Pember ton , ib., 6 3 . 46, 1891 ; R . W . E . Mac lvor , 
ib., 57. 1, 1888 ; L. E . R ivo t , Ann. Chim. Phys., (3), 30 . 20, 185O ; P . Ber thier , ib., (3), 17. 50 , 
1846 ; (3), 33. 34, 1851 ; L,. Oasciiel, Ann. Mines, (9), 20. 5, 1901 ; F . K o v a r , AbJtand. Bohm, 
Akad., 27, 190O ; A. Livorsidge, Proc. Roy. Soc. New South Wales, 16. 39, 1800 ; 20 . 73, 1887 ; 
K. von J o h n and C. F . Eiohleitcr, Jahresb. geol. Reichsanst. Wien, 5 3 . 481 , 1903 ; F . W . Clarke, 
BuIL U.S. Geol. Sur., 419, 1910 ; E . 8. Larsen, ib.. 679, 1921 ; J . H . Lewis, ib., 725, 1922 ; 
A. C. Gill, ib., 742, 1922 ; G. P . Merrill, Journ. Washington Acad., 2. 4 1 , 1912 ; L . H . Borgs t rom, 
Geol. For. Forh. Stockholm. 30. 331, 1908 ; P . J . Holmqiris t , ib., 42 . 303, 1923 ; 44 . 485, 1922 ; 
G. T . Prior , Min. Mag.; IB. 1, 1916; E . S. Simpson, ib., 19. 99, 1 9 2 0 ; W. Tassin, Proc. U.S, 
Nat. Museum, 34. 685, 1908 ; A. E . V. Zeally, Trans. Geol. Soc. South Africa, 17. 72, 1914 ; 
P . A. Wagner , ib., 26. 1, 1923 ; H . S. Harger , ib., 6. 110, 1905 ; L,. W. Fisher , Amer. Min., 14. 
341 , 1929 ; Econ. Geol., 24. 621, 1929 ; F . E . K e e p , ib., 2 5 . 219, 425, 1930 ; C. S. Ross, ib., 24 . 
632, 1929 ; J . E . Singewald, ib., 24. 632, 1929 ; C. Sandonnin i , Gazz. ChIm. Ital., 60 . 321, 1930 ; 
Anon. , Journ. Franklin Inst., 210. 382, 1930 ; Y. K a t o and R . Ikeno , Journ. Japan. Soc. Chem. 
Ind., 33 . 225, 193O ; G. Grenet, Ann. Physique, (1O), 13 . 263, 1930 ; G. M. Schwar tz , Econ. Geol., 
24. 592, 1929 ; E . Sampson, ib., 24. 632, 1929 ; A. Hilger, Neues Jahrb. Min., 385, 1866 ; 
L*. Passerini , Gazz. Chim'. Ital., 60. 544, 1930 ; S. Holgersson, Lunds Univ. Arsshr., (2), 2 3 . 9, 
1929 ; Fys. SeIJc. Handl., 38. 1, 1929 ; F . S tu tzer , W . Gross and K . Bornemann , Metall Erz, 6. 
1, 1918 ; E . F . Herroun and E . Wilson, Proc. Phys. Soc., 33 . 196, 1921 ; P . E . Wre tb lad , Zeit. 
anorg. Ghent., 189. 329, 1930. 

§ 12. Intermediate Chromium Oxides 
A n u m b e r of oxides, wi th compos i t ions i n t e r m e d i a t e b e t w e e n t h o s e of c h r o m i c 

oxide , Cr 2 O 3 , a n d chromic a n h y d r i d e , CrO 3 , h a s b e e n r e p o r t e d . These ox ides 
inc lude Cr 5 O 9 , Cr 3 O 5 , Cr 3O 6 , Cr 5 O 1 3 , C r 5 O 1 2 , a n d C r 6 O 1 5 . T h e y a re s o m e t i m e s 
r ep re sen t ed as chromium chromates. The i r i n d i v i d u a l i t y is n o t well e s t ab l i shed . 
K . H o n d a h e a t e d c h r o m i u m t r iox ide in a n a p p a r a t u s r eco rd ing t h e losses in w e i g h t 
in t e r m s of t h e m o v e m e n t of a n ind ica to r on a scale. T h e r e is first t h e expu l s ion 
of mo i s tu r e , a n d , a t a b o u t 300°, C r 6 O 1 5 is fo rmed ; t h e n , a t 420°, C r 5 O 9 ; a n d , a t a b o u t 
450°, ch romic oxide, Cr 2 O 3 . T h e resu l t s agree w i t h t h e m a g n e t i c o b s e r v a t i o n s 
of K . H o n d a a n d T. Sone , 1 who found t h a t a t a b o u t 280° , C r 6 O 1 5 is fo rmed a n d a t 
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420°, C r 2 O 3 ; whi le b e t w e e n 300° a n d 400°, t h e s t rong ly p a r a m a g n e t i c C r 6 O 1 5 , 
a n d t h e f e r romagne t i c C r 6 O 9 a re p r e s e n t as a m i x t u r e . A. S imon a n d T. S c h m i d t 
cou ld n o t o b t a i n t he se oxides . T h e y obse rved on ly t w o i n t e r m e d i a t e oxides , a s 
i l l u s t r a t e d b y Fig- 22, n a m e l y , c h r o m i u m pentitatridecoxide, Cr 5 O 1 3 , a n d c h r o m i u m 
p e n t i t a d o d e c o x i d e , C r 5 O 1 2 . T h e o t h e r i n t e r m e d i a t e oxides r e p o r t e d in t h e l i t e r a t u r e 
e i t h e r d o n o t ex i s t or a r e t o o u n s t a b l e t o a p p e a r u n d e r these cond i t ions . 

T h e first m e m b e r , c h r o m i u m pent i tenneaoxide , C r 5 O 9 , or 2Cr 2 O 3 .CrO 3 , w a s 
o b t a i n e d b y F . W o h l e r b y pass ing t h e v a p o u r of c h r o m y l ch lor ide t h r o u g h a t u b e 
a t a t e m p , b e t w e e n 300° a n d dul l r edness . If t h e t e m p , be t o o h igh , free c h r o m i c 
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oxide is f o r m e d ; a n d A. G e u t h e r a n d V. Merz sa id t h a t if i t b e t o o low, free 
c h r o m i c a n h y d r i d e will b e p r e s e n t . A. G e u t h e r a n d V. Merz also o b t a i n e d a 
smal l y ie ld of t h i s ox ide b y h e a t i n g c h r o m i c a n h y d r i d e a lone , o r in a c u r r e n t of 
o x y g e n . A c c o r d i n g t o O. P o p p , a n enneahydrate, 2 C r 2 O 3 . C r O 3 . 9 H 2 O , is p r o d u c e d 
as a b r o w n m a s s w h e n a soln. of s o d i u m t h i o s u l p h a t e , w i t h p o t a s s i u m d i c h r o m a t e 
is boi led . E . K o p p sa id t h a t t h i s p r o d u c t is t h e C r 8 0 1 5 - o x i d e . A c c o r d i n g t o 
L . B l a n c , if p r e c i p i t a t e d c h r o m i c ox ide , Ct-Cr2O3, b e h e a t e d t o 230° for s o m e t i m e 
i t pas ses i n t o c h r o m i u m d iox ide , C rO 2 , a n d if t h i s p r o d u c t be h y d r o l y z e d , i t fo rms 
a m o r p h o u s o r Ct-Cr5O9 ; a n d if t h i s p r o d u c t b e h e a t e d b e t w e e n 350° a n d 40O°, 
i t fo rms a m i x t u r e of c rys t a l l i ne o r ^S-Cr5O9, a n d /3-Cr2O3 . A t 450°, t h i s r eac t i on 
is i n s t a n t a n e o u s w i t h t h e e v o l u t i o n of m u c h h e a t . A t 300°, t h e r eac t i on 
2 c t - C r 5 O 9 + O 2 - > 1 0 C r O 2 occurs ; a n d a t 350°, 1 0 C r O 2 - > 2 C r 5 O 9 + O 2 . Accord ing 
t o L . B l a n c , if a s a l t of t e r v a l e n t a l u m i n i u m , i ron , or c h r o m i u m be a d d e d t o a soln. 
of a n e u t r a l c h r o m a t e , a n d t h e p r e c i p i t a t e b e w a s h e d w i t h boi l ing wa te r , yellow 
a l u m i n i u m c h r o m a t e , 2Al 2 O 3 -CrO 3 ; o r b r o w n ferric c h r o m a t e , 2Fe 2 O 3 -CrO 3 ; 
or b r o w n c h r o m i c c h r o m a t e , 2Cr 2 O 3 -CrO 3 , is f o rmed as t h e case m a y be . I t is 
therefore in fe r red t h a t t h e p e n t i t a - e n n e a o x i d e is a c h r o m i c c h r o m a t e . L1. B l anc 
a n d G. C h a u d r o n a s s u m e d t h a t t h e r e a r e t w o fo rms of C r 5 O 9 w i t h a t r a n s i t i o n t e m p . 
a t 440°—vide supra, c h r o m i c ox ide . A. G e u t h e r a n d V. Merz obse rved t h a t t h e 
C r 5 0 9 - o x i d e furn ishes r h o m b i c p r i s m s p a l e r in co lour t h a n c h r o m i c oxide , a n d h a v i n g 
a v io le t t i n g e . T h e sp . gr . is 4-0 a t 10° ; a n d t h e y cons ide red t h a t F. W o h l e r \s 
a m o r p h o u s , b l a c k p o w d e r w a s p r o b a b l y t h e i m p u r e oxide . F . W o h l e r sa id t h a t 
t h e c o m p o u n d is m a g n e t i c , b u t , a d d e d E . W e d e k i n d a n d K . F e t z e r , n o t so m a g n e t i c 
as m a n g a n e s e p h o s p h i d e . W h i l e F. W o h l e r t h o u g h t t h e m a g n e t i c ox ide of 
c h r o m i u m is Cr 3 O 4 ; A. G e u t h e r a n d V. Merz, C r 5 O 9 ; a n d I . Schukoff, C r 4 O 9 , 
L . Blanc showed t h a t t h e m a g n e t i c ox ide is p r o b a b l y a n u n s t a b l e v a r i e t y of C r 5 O 9 
i n t e r m e d i a t e b e t w e e n t h e ct- a n d ^S-forms. T h e m a g n e t i c suscep t ib i l i t y w i t h 
be tween O a n d 2OO gauss is n e a r l y e q u a l t o t h a t of m a g n e t i t e . J£. H o n d a a n d 
T. Sone g a v e for t h e m a g n e t i c suscep t ib i l i ty , x> w i th a field of s t r e n g t h H g aus s : 

H 294 646 1306 2012 3064 6682 9260 
X 718 640 487 408 300 137 99 

Accord ing t o I . SchukofT, t h e i n t e r m e d i a t e ox ides o b t a i n e d b y h e a t i n g c h r o m y l 
chloride or c h r o m i c a n h y d r i d e a r e m a g n e t i c or no t , a cco rd ing t o t h e cond i t ions . 
Tf t h e d e c o m p o s i t i o n is con t ro l l ed so t h a t t h e t e m p , does n o t r ise a b o v e 500°, 
t he oxides o b t a i n e d a r e o n l y feebly m a g n e t i c . O n h e a t i n g , however , t o 5O0° 51 (>°, 
13—14 pe r cen t , of o x y g e n is evo lved , a n d t h e b l ack m a s s , w h i c h h a s t h e compos i t i on 
2CrO 3 .Cr 2 O 3 , is s t r o n g l y m a g n e t i c . A n ox ide of t h e s a m e compos i t ion , b u t 
p r e p a r e d a t 450°, w a s v e r y feebly m a g n e t i c . A c rys ta l l ine m a g n e t i c oxide was 
o b t a i n e d b y t h e d e c o m p o s i t i o n of c h r o m y l ch lor ide ; w h e n ign i ted , i t loses on ly 
3-4—4 p e r cen t , of o x y g e n . Acco rd ing t o F . Wohle r , t h e O r 5 0 9 - o x i d e is r e d u c e d 
to ch romic ox ide w h e n h e a t e d in h y d r o g e n ; a n d w h e n h e a t e d in air , i t fo rms green 
chromic ox ide , a n d is t h e n n o longer m a g n e t i c . A. G e u t h e r a n d V. Merz also 
found t h a t t h e ox ide is s lowly r e d u c e d t o c h r o m i c oxide w h e n h e a t e d in a i r ; 
i t is insoluble in h y d r o c h l o r i c a n d n i t r i c ac ids , in a q u a regia , a n d in a m i x t u r e 
of n i t r i c a n d hydrof luor ic ac ids ; boi l ing a lkal i - lye s lowly decomposes i t i n t o 
chromic ox ide a n d c h r o m i c a n h y d r i d e ; a n d i t is eas i ly d e c o m p o s e d b y fused 
alkal i h y d r o x i d e s . 

According to M. Traube , 2 when chromic anhydride is exposed on a. glass plate, it dries 
to a brown crust which is insoluble in water, and adheres strongly to the glass. I t s com­
position agrees wi th chromium octitapentadecaoxide, Cr8O1 5 , or 2Cr2O3.3CrO3 ; and it is 
supposed to be produced b y t he act ion of the dust in the air. I t can be obtained by 
treating a moderately dil. soln. of chromic acid a t ordinary temp, with an excess of alcohol, 
and heat ing t he mix ture after t h e evolution of aldehyde has ceased. P a r t of the oxide 
settles quickly and pa r t remains in suspension for some -weeks. The precipitate is 
boiled unt i l the smell of acetic is evident, then agitated with "water, and lastly with alcohol 
until nothing is dissolved out by either liquid. The dried product is a greenish -brown 
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powder ; before drying, the product is readily dissolved in hydrochloric a n d nitric acids , 
a n d alkali-lye, but less readily in acetic acid. A m m o n i a precipitates h y d r a t e d chromic 
ox ide from t h e soln. in acids. A. Simon a n d T. Schmidt observed t h a t w h e n C r 8 0 1 5 . n H 2 0 
is heated, water and oxygen are s imultaneously g iven off be tween 100° and 400°. T h e 
brown powder obtained by C. F . Rammelsberg b y m i x i n g soln. of chrome-a lum a n d potas­
s ium dichromate was considered t o be the enrteaht/drate, 2Cr2O3 .3CrO3 .9H8O ; but C. W . E l io t 
and F. H . Storer showed that it is probably a mixture . 

Li. N . Vauque l in 3 p r e p a r e d b r o w n oxide of c h r o m i u m , or c h r o m i u m dioxide , 
Cr2O3-CrO3 , or Cr 2O 4 , or CrO 2 , or chromyl chromate, (CrO) 2 CrO 4 , b y h e a t i n g c h r o m i c 
n i t r a t e un t i l all t h e n i t r ic ac id is expel led, r e p e a t i n g t h e t r e a t m e n t w i t h n i t r i c 
acid, a n d finally h e a t i n g t h e p r o d u c t s h o r t of r edness ; F . B r a n d e n b u r g e m p l o y e d 
a s imilar process . M. Z. J o v i t s c h i t s c h h e a t e d t h e n i t r a t e t o 290° ; a n d L . B l a n c 
h e a t e d a m o r p h o u s chromic oxide t o 280°—vide supra. A . Maus a d d e d t h a t t h e 
t e m p , r equ i r ed t o expel all t h e n i t r i c ac id r e su l t s in t h e f o r m a t i o n of c h r o m i c 
oxide . T h e p r o d u c t ob t a ined b y h e a t i n g h y d r a t e d c h r o m i c oxide be low redness , 
in a i r — t o 200°-250°, according t o H . Lowel—is , acco rd ing t o M. Kr t ige r , c h r o m i u m 
dioxide b u t C. W . Elliot a n d F . H . S torer , a n d M. S iewer t sa id t h a t t h i s p r o d u c t 
is only a m i x t u r e . H . Moissan, a n d W . M a n c h o t p r e p a r e d th i s ox ide b y h e a t i n g 
h y d r a t e d chromic oxide t o 330°~440° in a c u r r e n t of o x y g e n ; M. Z. J o v i t s c h i t s c h 
sa id t h a t a n h y d r o u s c h r o m i u m c h r o m a t e c a n n o t be p r e p a r e d b y h e a t i n g t h e 
h y d r a t e d oxide since decompos i t ion occurs before t h e l a s t m o l . of w a t e r is expel led . 
G. N . Kidley ob ta ined i t b y h e a t i n g ch romic a n h y d r i d e t o 250° ; b y pass ing s u l p h u r 
d ioxide over h e a t e d chromic a n h y d r i d e ; a n d b y g e n t l y h e a t i n g a m i x t u r e of 
ch romic a n h y d r i d e a n d p h o s p h o r u s i n a crucible u n t i l al l t a k e s fire. E . Moles 
a n d F . Gonzalez p r e p a r e d t h e dioxide b y h e a t i n g a m m o n i u m d i c h r o m a t e t o 225° ; 
a n d E . Maumene , b y hea t ing a m m o n i u m c h r o m a t e t o 204° . 

A n u m b e r of h y d r a t e s of c h r o m i u m d iox ide h a s been r e p o r t e d . Acco rd ing 
t o C. W . E l io t a n d F . H . Storer , t h e c o m p o u n d is n o t p r o d u c e d b y boi l ing a n a q . 
soln. of a m m o n i u m c h r o m a t e ; no r as i n d i c a t e d b y L . N . Vauque l in , a n d H . Moser, 
b y pass ing chlor ine t h r o u g h a soln. of a ch romic sa l t , a n d p r e c i p i t a t i n g w i t h p o t a s h -
lye ; nor , a s ind ica ted b y H . SchifE, b y t r e a t i n g h y d r a t e d c h r o m i c oxide , o r v iole t 
ch romic chlor ide w i th b leaching powder . K . S e u b e r t a n d J . Ca r s t ens a s s u m e d 
t h a t c h r o m i u m dioxide is formed as a n i n t e r m e d i a t e s t age in t h e r e d u c t i o n of 
ch romic a n h y d r i d e b y a n iodide, or b y h y d r a z i n e ; b u t K . L u t h e r a n d T . F . K u t t e r 
p re fe r red t h e a s s u m p t i o n t h a t t h e r educ t i on p roceeds t h r o u g h s t ages invo lv ing 
sexi- , qu inque - , quadr i - , a n d t e r -va l en t c h r o m i u m . T h e r e a c t i o n w a s also d iscussed 
b y W . Li. Miller. Accord ing t o A. Maus , h y d r a t e d c h r o m i u m d iox ide is fo rmed 
b y d iges t ing h y d r a t e d chromic oxide w i t h a soln. of ch romic a c i d — n o t i n excess . 
A. M a u s o b t a i n e d i t b y d iges t ing a h o t soln. of p o t a s s i u m c h r o m a t e w i t h c h r o m i c 
chlor ide , A . Bensch , w i t h ch romic s u l p h a t e , a n d C. W . E l i o t a n d F . H . S to re r , 
w i t h c h r o m e - a l u m . E . Schwei tzer , P . Grouvel le , a n d C. W . E l i o t a n d F . H . S t o r e r 
t r e a t e d a soln. of p o t a s s i u m d i c h r o m a t e w i t h n i t r i c oxide ; O. P o p p , a n d E . K o p p , 
w i t h s o d i u m t h i o s u l p h a t e ; G. N . Kidley , w i t h s t a n n o u s ch lor ide ; A. Vogel , 
a n d I J . Godefroy, w i t h a lcohol ; J . W . S w a n , w i t h o rgan ic s u b s t a n c e s ; a n d H . Schiff, 
w i t h oxal ic ac id . T . E . T h o r p e o b t a i n e d i t b y t r e a t i n g a soln. of c h r o m i u m 
h e x o x y d i c h l o r i d e w i t h a m m o n i a . P . A. Mee rbu rg found t h a t col loidal c h r o m i u m 
d iox ide is f o r m e d w h e n a soln. of ch romic ac id is t r e a t e d w i t h p o t a s s i u m iod ide . 
T h e colloid is s lowly modif ied w i t h a dec reased a b s o r p t i v e power . T h e a m o u n t 
of w a t e r a b s o r b e d ove r cone , su lphu r i c a c id a t o r d i n a r y t e m p , is g r e a t e r t h a n a t 
100°. A r ise of t e m p , ove r 100° increases t h e loss of wa te r , a n d decreases t h e 
a b s o r p t i v e p o w e r . 

Acco rd ing t o A . Vogel , t h e p r o d u c t d r i ed a t 100° is t h e dihydrate, 0 r O 2 . 2 H 2 O , 
whi le L». Godefroy r e p r e s e n t e d i t a s a hemitrihydrate, C r O 2 - I J H 2 O , w h i c h h e s y m ­
bol ized (HO) 3 =S=Cr- O — C r ^ ( O H ) 3 . W . M. H o r t o n f o u n d t h a t b y h e a t i n g 
a m m o n i u m d i c h r o m a t e in a i r be low 190° a hemihydrate, 2 C r O 2 - H 2 O , is f o rmed 
a s a b l a c k p o w d e r . J . J . Berze l ius s u p p o s e d t he b r o w n ox ide p r e p a r e d b y 
L . N . V a u q u e l i n t o be a defini te ox ide ; T . T h o m s o n , a n d J . M. G o d o n de S t . 
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Menin seem t o h a v e r e g a r d e d i t as a m i x t u r e of c h r o m i c ox ide a n d ch romic 
a n h y d r i d e ; a n d J . F . J o h n , C. W . E l i o t a n d F . H . S to re r , J . W . Dobere ine r , 
a n d A. Maus , a s a feeble c o m p o u n d of g reen c h r o m i c ox ide a n d c h r o m i c a c i d — 
n a m e l y , c h r o m i u m c h r o m a t e . Acco rd ing t o M. Z. J o v i t s c h i t s c h , w h e n a soln. 
of ch romic ox ide in n i t r i c ac id is e v a p o r a t e d un t i l excess of ac id is r e m o v e d a n d 
t h e r e s idue is d i s so lved in w a t e r a n d t r e a t e d w i t h a m m o n i a , a d a r k b r o w n , a l m o s t 
b lack p r o d u c t is o b t a i n e d , ana ly se s of w h i c h a re in a g r e e m e n t w i t h t h e fo rmula , 
C r 2 ( O H ) 8 - H 2 O , or C r O 3 . C r 2 O 3 . 7 H 2 O . T h e loss of I H 2 O over s u l p h u r i c ac id , of 
2 H 2 O a t 105°, a n d of 6 H 2 O a t 205° is m o r e r ead i ly exp l a ined b y t h e former , b u t 
t h e c h r o m i u m c o n t e n t a n d p a r t i c u l a r l y t h e poss ib i l i ty of t h e p r e p a r a t i o n of 
a n h y d r o u s c h r o m i u m c h r o m a t e f rom t h e s u b s t a n c e , f avour t h e fo rmu la 
Cr 2 O 3 .C rO 3 . 7H 2 O. T h e a n a l y t i c a l d a t a agree e q u a l l y well w i t h t hose r e q u i r e d 
for t h e p e r o x i d e , C rO 2 , b u t t h e r ead ines s w i t h w h i c h t h e s u b s t a n c e is c o n v e r t e d 
b y a m m o n i a , a lka l i c a r b o n a t e , or h y d r o x i d e or b y boi l ing w a t e r i n t o c h r o m i u m 
h y d r o x i d e a n d c h r o m a t e is i n t e r p r e t e d in f avou r of a sa l t - l ike c o n s t i t u t i o n . 
W . M a n c h o t a n d H . K r a u s sa id t h a t t h e p r o d u c t o b t a i n e d b y h e a t i n g ch romic 
h y d r o x i d e t o 320° t o 345° for severa l h r s . is a hygroscop ic , b l ack p o w d e r con­
t a i n i n g 6 t o 7 p e r c e n t , of w a t e r . I t s gene ra l p r o p e r t i e s a re those of a pe rox ide 
a n d n o t of a c h r o m i c c h r o m a t e , a n d t h e fo rmu la is p r o b a b l y O : Cr : O. I t t h u s 
differs f rom t h e pe rox ide , O : Cr .O.O.Cr : O, w h i c h a p p e a r s as t h e p r i m a r y p r o d u c t 
of t h e a u t o x i d a t i o n of c h r o m o u s ox ide . T h e ex i s tence of th i s c h r o m i u m dioxide is 
r e g a r d e d a s ev idence in f avour of t h e v iew t h a t c h r o m i u m is q u a d r i v a l e n t in 
c h r o m i u m t r i o x i d e . A . S imon a n d T. S c h m i d t obse rved t h a t o x y g e n is g iven off, 
a n d t h e d iox ide passes i n t o c h r o m i c ox ide a t 380°. E . Moles a n d F . Gonzalez 
g a v e for t h e m a g n e t i c suscep t ib i l i ty 42-2 X 10~~6 u n i t s . 

C h r o m i u m d iox ide is a d a r k grey , a l m o s t b l ack , solid which gives off o x y g e n 
a t 300° fo rming g reen c h r o m i c ox ide . L . a n d P . W o h l e r sa id t h a t t h e decompos i ­
t ion of c h r o m i u m d iox ide in v a c u o beg ins a t a b o u t 280°. W h e n p r e p a r e d by igni t ing 
h yd r a t e d c h r o m i c ox ide , W . M a n c h o t a n d R . K r a u s found t h a t i t c o n t a i n e d 
6 or 7 p e r cen t , of w a t e r wh ich is evo lved a long w i t h o x y g e n a t a r e d - h e a t , a n d 
chromic oxide r e m a i n s . E . H i n t z found t h a t w h e n h e a t e d w i t h chlor ine , a t a b o u t 
250°, i t fo rms c h r o m i c a n d c h r o m y l ch lor ides ; w h e n t r e a t e d w i t h water , i t forms 
no ch romic ac id ; b u t M. M a r t i n o n found t h a t w i t h hydrogen dioxide, oxygen is 
r ap id ly e v o l v e d a t 68°, a n d t h e a d d i t i o n of a few d r o p s of s u l p h u r i c ac id re su l t s 
in t h e f o r m a t i o n of b lue p e r c h r o m i c ac id . Th i s agrees w i t h t h e h y p o t h e s i s t h a t 
t he d iox ide is c h r o m i u m c h r o m a t e . H . Moissan , a n d W . M a n c h o t a n d R . K r a u s 
found t h a t i t r e a c t s s lowly w i t h hydrochlor ic acid l i be ra t i ng chlor ine ; a n d i t 
l ikewise r e a c t s w i t h h y d l i o d i c acid l i b e r a t i n g iod ine . M. Kr i ige r sa id t h a t w i t h a 
m i x t u r e of p y r o s u l p h u r i c ac id a n d s o d i u m chloride, ch lor ine a n d n o t c h r o m y l chlor ide 
is fo rmed ; a n d w i t h cone , s u l p h u r i c ac id a n d s o d i u m chlor ide , C. W . El io t a n d 
F . H . S to r e r o b t a i n e d c h r o m y l ch lor ide . H . Moissan, O. P o p p , e tc . , found t h a t i t is 
solul)le in su lphuric acid. W . M a n c h o t a n d R . K r a u s found t h a t w h e n w a r m e d w i t h 
sulphur dioxide , s u l p h u r t r i o x i d e is fo rmed ; a n d w a r m su lphurous acid is con­
v e r t e d i n t o s u l p h u r i c ac id . C. W . E l i o t a n d F . H . S torer , O. P o p p , e tc . , obse rved 
t h a t c h r o m i c d iox ide r e a d i l y dissolves in dil . nitric acid ; t h e soln. is r edd i sh -
b rown , a n d g ives a d i r t y g reen p r e c i p i t a t e w i t h a m m o n i a . W . M a n c h o t a n d 
R . K r a u s found t h a t cone , n i t r i c ac id c o n v e r t s t h e d ioxide i n t o ch romic ac id . 
E . H i n t z f o u n d t h a t i t is sca rce ly a t t a c k e d b y phosphorus pentachloride a t 250°. 
A. Maus s t a t e d t h a t a l i t t l e arsenic ac id c o n v e r t s t h e d iox ide i n t o ch romic a r s e n a t e , 
which is so luble i n a n excess of a r sen ic acid . T h e d iox ide is insoluble in e ther, 
acetone , a n d o t h e r o rgan ic l iqu ids ; a n d O. P o p p sa id t h a t t h e d iox ide dissolves 
wi th difficulty in ace t i c ac id . M. Kr i iger , W . M a n c h o t a n d R . K r a u s , e t c . , obse rved 
t h a t boi l ing p o t a s s i u m o r s o d i u m hydroxide c o n v e r t s t h e d ioxide i n t o a soln. of 
alkali c h r o m a t e , a n d a p r e c i p i t a t e of h y d r a t e d ch romic oxide . Th i s s i m u l t a n e o u s 
ox ida t ion a n d r e d u c t i o n fu rn i shes a n i l l u s t r a t ion of t h e acidic a n d bas ic p r o p e r t i e s 
of c h r o m i u m d iox ide . A . M a u s found t h a t w h e n d iges ted w i t h l ead acetate in 
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t h e p resence of ace t ic acid, lead c h r o m a t e a n d c h r o m i c a c e t a t e a r e fo rmed . 
E . M a u m e n e said t h a t t h e b r o w n oxide is soluble in aq . c h r o m i c acid, or in so ln . 
of fl.11ra.1f d ichromates , a n d when t h e b r o w n soln. a r e d i lu t ed w i t h wa te r , t h e b r o w n 
oxide is re -prec ip i ta ted . 

I . Schukoff * h e a t e d c h r o m i c a n h y d r i d e t o 500°—510° a n d o b t a i n e d chromium tetrita-
enneaoxide, Cr 4 O 0 , o r Cr 2 O 8 . 2CrO 3 . T h e m a g n e t i c qua l i t i e s of t h i s s u b s t a n c e d i s a p p e a r a t 
120°—130°, a n d r e a p p e a r o n cool ing . F o r Cr 2 O 3 . 6CrO 3 , vide infra, c h r o m i u m d i c h r o m a t e . 
F o r chromium pentitatrldecoxide, C r 6 O 1 3 , vide supra. T h e h e a t i n g c u r v e of A . S i m o n 
a n d T . S c h m i d t is s h o w n in F i g . 22, a n d t h e d i s soc i a t i on p ress , i n F i g . 2 3 . A c c o r d i n g 
t o JT. W . J>obereiner, a n d M. T r a u b e , chromium pentltadodecoxlde, C r 6 O 1 2 , o r Cr 2 O 3 . 3CrO 3 , 
i.e. n o r m a l chromium chromate, o r chromic chromate, Cr 2 (CrO 4 ) 3 , is f o r m e d w h e n c h r o m i c 
a n h y d r i d e is h e a t e d t o a b o u t 250°. B y bo i l ing t h e p r o d u c t w i t h -water, o r a f t e r s t a n d i n g 
a long t i m e i n c o n t a c t -with t h a t l iqu id , i t is c o n v e r t e d i n t o a so luble modi f i ca t ion . T h e 
o t h e r r eac t i ons r e semble t h o s e o b t a i n e d w i t h t h e p r e c e d i n g ox ide . A . S i m o n a n d 
T . S c h m i d t ' s h e a t i n g c u r v e is s h o w n in F i g . 22, a n d t h e d i s soc ia t ion press , c u r v e in F i g . 2 3 . 
O. R o t h a u g ' s obse rva t i ons were d i scussed i n c o n n e c t i o n w i t h t h e o x i d a t i o n of c h r o m i c 
ox ide . S. T a k e g a m i obse rved t h a t c h r o m i c c h r o m a t e is s o m e t i m e s d e p o s i t e d in a col loidal 
fo rm on t h e c a t h o d e d u r i n g t h e e lec t ro lys i s of so ln . of c h r o m i c ac id . T h i s occur s w h e n t h e 
r a t i o of t e r - t o sex iva len t chroirdum. is 1 : 0 - 5 . O b s e r v a t i o n s w e r e p r e v i o u s l y m a d e b y 
E . Mul le r a n d co-workers w h o rega rd t h e film a s C r 2 ( O H ) 4 C r O 4 vide swpra, t h e depos i t i on 
of c h r o m i u m . A. M a u s found t h a t chromium heocitaperitadecaoxide, C r 6 O 1 5 , o r Cr 2 O 3 . 4CrO 3 , 
is f o r m e d w h e n a h y d r a t e d ch romic ox ide or c h r o m i c c a r b o n a t e is d i s so lved i n a cold, a q . 
so ln . of ch romic acid, a n d t h e soln. e v a p o r a t e d . T h e b r i t t l e , h o r n y p r o d u c t is p e r m a n e n t 
in a i r , a n d dissolves w i t h o u t c h a n g e in a lcoho l ; t h e soln . m a y b e e v a p o r a t e d a n u m b e r of 
t i m e s a t 100° w i t h o u t decompos i t ion , b u t A. A. H a y e s o b s e r v e d t h a t if k e p t for a long t i m e 
a t t h a t t e m p , t h e c o m p o u n d becomes inso luble . K . H o n d a a n d c o - w o r k e r s o b t a i n e d t h i s 
p r o d u c t by h e a t i n g c h r o m i u m t r i o x i d e t o 280°, a n d t h e y s a i d t h a t i t s m a g n e t i c suscep t i ­
b i l i t y a t r o o m t e m p , is 14*2 X 10—6. C. D . B r a u n t r e a t e d a cone . a q . so ln . of p o t a s s i u m 
f e r rocyan ide wi th p o t a s s i u m d i c h r o m a t e , a n d OJI e v a p o r a t i o n o b t a i n e d a res inous m a s s of 
t h e dodecethydrate, C r e 0 1 5 . 1 2H 2 ( ) . 

C. W . E l io t a n d F . I I . S torer s u m m e d up t h e resu l t of t he i r e x a m i n a t i o n of 
t h e s e i n t e r m e d i a t e oxides by saying : " The re is n o t a pa r t i c l e of ev idence of t h e 
ex i s t ence of a n y c h r o m a t e of c h r o m i u m con ta in ing m o r e t h a n one e q u i v a l e n t of 
c h r o m i c a c i d . " The pos i t ion is v e r y nea r ly t h e s a m e t o - d a y . 

Acco rd ing t o J . H e i n t z e , 5 by pass ing a slow c u r r e n t of a m m o n i a i n t o a di l . 
ch loroform soln. of ch romyl chloride a n d b y e v a p o r a t i n g t h e so lvent , t h e r e r e m a i n s 
brown ammonium chromochxomate, NH4O.CrO2 .0.Cr.O.CrO2 .ONH4 , which loses 
wate r a n d a m m o n i a w h e n hea t ed , forming chromic oxide . T h e sa l t forms a 
b rownish-ye l low soln. w i th wa te r , b u t i t is insoluble in alcohol , e the r , ch loroform, 
a n d glacial ace t ic ac id ; i t dissolves in cone, acids , a n d t h e ac id soln. , w h e n d i l u t ed 
w i t h w a t e r , depos i t s t h e original sa l t as a b r o w n powder . T h e sa l t is d e c o m p o s e d 
b y soda- lye , g iv ing off a m m o n i a . J . H e i n t z e p r e p a r e d po tass ium chxomochxomate 
in a n ana logous m a n n e r , b u t ne i the r A. Lieist, no r A. W e r n e r a n d A. Kle in could 
verify this. D . Tommasi reported potassium chromic hydroxychromate, 
K 2 CrO 4 . 2Or (OH) CrO 4 , ^ 0 J^6 f o r m e ( j ^ y ^ e a c t i on of n i t r i c oxide on a soln. of one 
p a r t of p o t a s s i u m d i c h r o m a t e in 2 p a r t s of fuming n i t r i c acid , a t 70° ; e v a p o r a t i n g 
t h e p r o d u c t t o d r y n e s s on a w a t e r - b a t h ; e x t r a c t i n g w i t h h o t w a t e r ; a n d d r y i n g 
a t 150°. T h e v io le t -b rown, a m o r p h o u s p o w d e r is w i t h o u t t a s t e or smel l ; i t s 
sp . gr . a t 14° is 2-28 ; i t m e l t s a t 300°, a n d decomposes : K 2 C r O 4 . 2 C r ( O H ) C r O 4 
= 2 C r 2 0 3 + K 2 C r 0 4 - f - H 2 0 - f ~ 3 0 . W h e n mixed wi th p o t a s s i u m ch lo ra t e i t does 
n o t d e t o n a t e b y percuss ion , b u t i t b u r n s v igorously w h e n h e a t e d . I t is inso luble 
in w a te r , a lcohol , a n d ace t i c ac id ; cone , n i t r i c ac id h a s v e r y l i t t le a c t i o n in t h e 
cold, b u t w h e n h e a t e d t h e s a l t is p a r t i a l l y oxidized. T h e sa l t is n o t a t t a c k e d 
b y cold, cone, su lphu r i c acid, b u t t h e h o t ac id forms a g reen soln. ; a n d w i t h h o t , 
cone , hyd roch lo r i c ac id , ch lor ine is evo lved . 
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5 J . Hointze, Journ. prakt. Chem., (2), 4. 212, 1871 ; A. Leist, ib., (2), 5. 332, 1871 ; A. Werner 
and A. Klein, Zeit. anorg. Chem., 9. 294, 1895 ; D . Tommasi , Bull. Soc Chim., (2), 17. 396, 1872 

§ 13. Chromium Trioxide, and Chromic Acid 
The ox ida t ion of ch romic oxide , or h y d r a t e d chromic oxide furnishes c h r o m i u m 

trioxide, or chromic anhydride, C r O 3 ; i t w a s discovered b y A. Muss in-Puschkin , 1 

a n d a f t e rwards i nves t i ga t ed b y L. N . Vauque l in , H . Moser, a n d J . B . R i c h t e r . 
Chromic oxide is oxid ized t o c h r o m i u m t r iox ide , as previously indica ted , by hea t ing i t 
in t h e presence of bases in air . J . Mi lbauer found t h a t w i t h oxygen afc 12 a t m . press . , 
a n d 300°, on ly a p a r t i a l convers ion of chromic oxide t o c h r o m i u m t r iox ide occurs ; 
a n d t h e convers ion is c o m p l e t e a t 460° a n d 12 a t m . press , in t he presence of t h e 
oxides of silver, m a g n e s i u m , zinc, c a d m i u m , a n d lead. The ox ida t ion occurs more 
readi ly t h a n w i t h o x y g e n if ch romic oxide be h e a t e d w i t h oxidizing agents—e .g . 
alkali n i t r a t e , ch lo ra t e , d ibx ide , e t c . A. Mailfert found t h a t ozone conve r t s 
chromic h y d r o x i d e i n t o c h r o m i u m t r iox ide . I n alkal ine soln., chromic oxide or 
hydrox ide is oxid ized t o t h e t r iox ide b y chlor ine or hypoch lor i t e (A. J . B a l a r d , 
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H . Vohl) , fluorine (F . F i c h t e r a n d E . B r u n n e r ) , b r o m i n e ( F . H . S tore r , F . Melde) , 
iod ine (E . Lenssen) , h y d r o g e n d ioxide or a lka l i d iox ide ( E . Lenssen ) , p o t a s s i u m 
p e r s u l p h a t e ( H . Marshal l , a n d D . M. Yos t ) , p o t a s s i u m fe r r icyanide ( E . Lenssen ) , 
p o t a s s i u m p e r m a n g a n a t e (A. R e y n o s o , S. Cloez a n d E . Gu igne t , a n d E . Bohl ig ) , 
perchlor ic acid ( J . J . Ldchtin), lead d iox ide (G. Chancel ) , m a n g a n e s e d iox ide 
( F . H . Storer) , mercur ic ox ide ( F . H . S tore r ) , coppe r ox ide (O. W . Gibbs ) , a n d si lver 
ox ide (D. Meneghini) . I n ac id ic soln., a cco rd ing t o F . H . S to re r , A. Te rn i , a n d 
M. Salinger, chromic ox ide is ox id ized b y p o t a s s i u m p e r m a n g a n a t e , or b y lead or 
manganese d iox ide ; a n d , acco rd ing t o M. H o l z m a n n , b y eerie n i t r a t e . O. S t u m m 
found t h a t ch romic sa l t s in a lka l ine soln. c a n b e ox id ized b y molecu la r o x y g e n , 
us ing m a n g a n e s e h y d r o x i d e , copper h y d r o x i d e , c e r i u m h y d r o x i d e , s i lver ox ide a n d 
iodide, a n d a m a l g a m a t e d coppe r a s c a t a l y t i c agen t s . F o r t h e e lec t ro ly t i c o x i d a t i o n , 
vide supra, t h e e x t r a c t i o n of c h r o m i u m . 

K . F i schbeck a n d E . E i n e c k e found t h a t t h e ca thod i c po la r i za t ion of fer rous , 
cuprous , ca lc ium, a n d m a g n e s i u m ch romi t e s p roduces ch romic acid, whi l s t t h e o t h e r 
chromi tes a re unaffected, a n d n a t u r a l c h r o m e i rons tone b e h a v e s in a l ike m a n n e r , 
b u t o the r commerc ia l ch romi t e s a r e r e d u c e d on ca thod i c po la r iza t ion , a n d yield 
chromic acid on anod ic po la r i za t ion . Chromi te s b e h a v e as a n i n t e r m e d i a t e elec­
t r o d e . O. U n v e r d o r b e n obse rved t h a t c h r o m y l fluoride, p r e p a r e d b y h e a t i n g a 
m i x t u r e of f luorspar, l ead c h r o m a t e , a n d su lphur i c acid , w h e n pa s sed i n t o w a t e r , 
furnishes an aq . soln. of th i s oxide . T h e soln. was t r e a t e d w i t h s i lver n i t r a t e , a n d 
t h e washed p rec ip i t a t e of si lver c h r o m a t e d e c o m p o s e d b y hydroch lo r i c ac id . 
A. Maus said t h a t a n h y d r o u s su lphur i c ac id or fuming su lphu r i c ac id is n o t su i t ed 
for t h e p r e p a r a t i o n because of i t s vo la t i l i za t ion w i t h t h e c h r o m y l f luoride. 
J . J . Berzelius employed a s o m e w h a t s imi lar process us ing e i the r lead or b a r i u m 
c h r o m a t e . A. Maus t r e a t e d a h o t soln. of p o t a s s i u m d i c h r o m a t e w i t h insufficient 
hydronuosi l ic ic acid t o p r e c i p i t a t e all t h e p o t a s s i u m ; t h e filtered soln. w a s 
e v a p o r a t e d a n d aga in t r e a t e d w i t h hydronuos i l i c ic acid, a n d e v a p o r a t e d t o d r y n e s s 
in a p l a t i n u m dish. T h e res idue w a s t a k e n u p w i t h a l i t t le wa te r , filtered, a n d 
e v a p o r a t e d for chromic a n h y d r i d e . D . G. F i t z g e r a l d a n d B . C. Molloy prec ip i ­
t a t e d the po ta s s ium as p o t a s h - a l u m b y a d d i n g a l u m i n i u m s u l p h a t e , a n d r e m o v e d 
t h e su lphur ic acid by igni t ion . J . F r i t z sche a d d e d a w a r m soln. of p o t a s s i u m 
dichromate* t o a n excess of cone , s u l p h u r i c ac id ; t h e c h r o m i c a n h y d r i d e s e p a r a t e s 
in smal l red c rys ta l s . The l iqu id is d r a i n e d f rom t h e c rys ta l s , wh ich a re t h e n 
dr ied on a porous t i le over su lphur ic acid . T h e c rys ta l s a re t h e n recrys ta l l i zed 
f rom a n aq . soln. P . A. Bol ley sa id t h a t t h e c h r o m i c a n h y d r i d e so p r e p a r e d 
c o n t a i n s a l i t t le su lphur ic ac id as i m p u r i t y a n d t h e Meta l s P r o t e c t i o n Corpora t ion 
r e m o v e d t h e su lpha t e b y m e a n s of b a r i u m h y d r o x i d e , c a r b o n a t e , or c h r o m a t e . 
R . B u n s e n , A. V. R a k o w s k y , A . Dalzel l , F . D ie t ze , O. F i c inus , H . Moissan, 
A. Schafar ik , M. T r a u b c , J . Voisin, G. Vu lp ius , K . W a r i n g t o n , a n d E . Z e t t n o w 
employed modif icat ions of these processes . 

G. P . B a x t e r a n d co-workers purified c h r o m i u m t r iox ide su i t ab l e for a t . w t . de t e r ­
m i n a t i o n s b y r epea t ed fi l tration, a n d r ec rys t a l l i za t ion f rom a q . soln. M. S iewer t 
t r e a t e d b a r i u m c h r o m a t e w i th n i t r ic acid, c rys ta l l ized o u t t h e b a r i u m n i t r a t e ; 
r e m o v e d t h e n i t r i c acid by e v a p o r a t i o n t o d r y n e s s ; a n d rec rys ta l l i zed t h e p r o d u c t . 
E . Duvi l l i e r used a s imi lar process , a n d a f t e rwards s u b s t i t u t e d l ead c h r o m a t e for 
b a r i u m c h r o m a t e . K . F . W . Meissner, F . K u h l m a n n , J . W . Dobe re ine r , a n d 
W . A . Howel l t r e a t e d b a r i u m c h r o m a t e w i t h su lphur i c ac id ; a n d A. Schxot te r , 
l e ad c h r o m a t e . T h e filtered l iqu id in each case w a s e v a p o r a t e d for c rys t a l l i za t ion ! 
J . Thorn sen, a n d J . K r u t w i g s imi lar ly t r e a t e d si lver c h r o m a t e w i t h h y d r o c h l o r i c 
ac id . A . Mailfer t found t h a t c h r o m i u m t r iox ide is fo rmed w h e n soln . of c h r o m i c 
s a l t s or c h r o m i c ox ide a re t r e a t e d w i t h ozone. M. P r u d ' h o m m e a n d F . B i n d e r 
o b s e r v e d t h a t if b a r i u m chlor ide is a d d e d t o a soln. of b a r i u m d i c h r o m a t e , n o r m a l 
b a r i u m c h r o m a t e is p r e c i p i t a t e d , a n d p o t a s s i u m chlor ide a n d c h r o m i c ac id r e m a i n 
in soln . I n p r e p a r i n g c h r o m i c acid, V. V. P o l y a n s k y first o b t a i n e d ca l c ium c h r o m a t e 
b y a d d i t i o n of ca l c ium h y d r o x i d e p a s t e , followed b y ca l c ium ch lor ide soln. , t o 
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aqueous sodium dichromate ; the mixture is concentrated on the water-bath, the 
precipitate of calcium chromate being collected and dried. Two parts of the aq. 
soln. is treated with one part of sulphuric acid (sp. gr. 1-84), kept on the water-bath, 
decanted, and this procedure repeated until no more calcium sulphate is precipitated, 
when chromic anhydride is crystallized. The product is treated with nitric acid 
(sp. gr. 1-4), and dried at 60°-100°. 

For the electrolytic oxidation of soln. of chromic salts to chromic acid or the 
chromates, vide su/pra. According to E. Muller and M. Soller, a soln. of chrome-
alum in 2V-H2SO4 is not appreciably oxidized to chromic acid with a smooth platinum 
anode, but when traces of a lead salt are present in the soln., lead dioxide is deposited 
on the anode, and oxidation then occurs. About one-third of the oxidation which 
occurs with a lead dioxide anode occurs when an anode of platinized platinum is used. 
With a lead dioxide anode, the oxidation occurs quantitatively in fairly cone. soln. 
of chrome-alum, when the current density is not too high—about 0-005 amp. per 
sq. cm. is suitable. The difference in the results is not due to the lead dioxide 
anode having a higher potential than the platinum anode, since the reverse is rather 
the case. The effect is attributed to the catalytic action of lead dioxide which 
oxidizes the chrome-alum chemically. P. Askenasy and A. Revai showed that in 
regenerating soln. of chromic sulphate, at first, when the cone, of the chromic acid 
is small, it is better to use low-current densities at the cathode, and to increase the 
current density as the cone, of chromic acid increases. Temp, has little influence 
on the process. The addition of magnesium sulphate prevents a reduction at the 
cathode when dil. soln. and low current densities are employed, but if there is only 
a small percentage of chromic acid present it has the opposite effect, and if high 
current densities are used, it has no effect. The influence of chromium sulphate is 
to prevent reduction with both high and low-current densities except in soln. which 
contain very little chromic acid. The addition of sodium and potassium sulphates 
is without influence on the reaction. Dilution is favourable to the oxidation under 
all circumstances, but more especially with high-current densities and in the presence 
of magnesium sulphate when low-current densities are employed. A high cone, 
of sulphuric acid has a slightly favourable action. A. R. y Miro found that the 
presence of potassium fluoride favours the electrolytic oxidation of chrome-alum 
to potassium dichromate. 

It is doubtful if hydrated chromium trioxide has been prepared in the solid 
state. H. Moissan 2 s a i d t h a t if a n a l m o s t s a t . a q . s o l n . of c h r o m i u m t r i o x i d e b e 
k e p t fo r s e v e r a l h r s . a t a b o u t 9 0 ° , a n d t h e n c o o l e d b e l o w 0 ° , s m a l l r e d c r y s t a l s of 
C h r o m i c a c i d , H 2 C r O 4 , c o l l e c t o n t h e w a l l s of t h e c o n t a i n i n g v e s s e l . T h i s d o e s n o t 
a g r e e w i t h J . J . B e r z e l i u s ' s o b s e r v a t i o n s , w h i l e F . M y l i u s a n d R . F u n k , T . C o s t a , 
a n d E . F i e l d w e r e u n a b l e t o c o n f i r m H . M o i s s a n ' s o b s e r v a t i o n . H . C. J o n e s s h o w e d 
t h a t t h e f . p . of a q . s o l n . of c h r o m i u m t r i o x i d e a g r e e d w i t h t h e a s s u m p t i o n t h a t 
t h e s o l v a t i o n fo r s o l n . w i t h m m o l s of C r O 3 p e r l i t r e , c a n b e r e p r e s e n t e d b y t h e m o l s 
of w a t e r i n c o m b i n a t i o n w i t h a m o l of C r O 3 : 

Mols C r O , p e r l i t r e . 0 1 0 0-5O 1 0 0 2 0 0 3 0 0 4*00 
Mols H 2 O p e r m o l C r O 3 . 27-8 20-0 1 9 1 7 13*95 11*65 10*41 

T h e c r y s t a l s a r e c h r o m i u m t r i o x i d e , C r O 3 , n o t c h r o m i c a c i d , H 2 C r O 4 . T h e 
S o l u b i l i t y of c h r o m i u m t r i o x i d e i n w a t e r w a s m e a s u r e d b y R . K r e m a n n w h o f o u n d 
t h a t s a t . s o l n . a t d° c o n t a i n e d S g r m s . of C r O 3 p e r 1 0 0 g r m s . of s o l n . 

— 7 4 0 ° —64*0° - 5 2 - 0 ° —430° —28-3° —10-3° - 2 - 0 ° 
5 . 55'OO 54OO 520O 49*10 40*80 30*20 8 0 0 

There is a eutectic at —105° with 57-2 per cent, of CrO3. E. H. Biichner and 
A. Prins gave —155-0° for the eutectic with 60-5 per cent, of CrO3. At higher temp. 
J* Koppel and R. Blumenthal, F. Mylius and R. Funk, and R. Kremann found : 

0° 15° 30° 50° 82° 1000° 1270° 
6 61*82 62-40 62*52 64*60 66*00 67*40 71*20 
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F i o . 2 4 . S o l u b i l i t y C u r v e of 
C H r o m i u m T r i o x i d e . 

T h e resu l t s of E . H . Bi ichner a n d A. P r i n s a re p l o t t e d in F ig . 24 ; t h e r e is no sign 
of t h e fo rma t ion of a definite h y d r a t e . C E . H u t t i g a n d B . K u r r e also failed t o 
find a n y evidence of t h e fo rmat ion of a n y definite h y d r a t e . Ana lyses of c h r o m i u m 

t r iox ide b y I*. N . Vauque l in , S. M. Godon de S t . 
Menin, C. F . R a m m e l s b e r g , J . J . Berzel ius , a n d 
A. Sch ro t t e r a re in a g r e e m e n t w i t h t h e empi r i ca l 
fo rmula CrO3 . W . Os twa ld ' s obse rva t ions on t h e 
electr ical conduc t iv i ty , a n d t h e lower ing of t h e 
f .p. i nd ica te t h a t t he molecular w e i g h t in a q . soln. 
of c h r o m i u m t r iox ide cor responds w i t h d ichromic 
acid, H 2 C r 2 O 7 ; a n d th i s is i n a g r e e m e n t w i t h a 
compar i son of t h e abso rp t i on spec t r a of a q . soln. 
of c h r o m i u m t r iox ide a n d p o t a s s i u m d i c h r o m a t e , 
for H . Se t t ega s t found these spec t r a a r e v e r y 
m u c h al ike. According t o R . Abegg a n d A. J . Cox, 
t h e electrical c o n d u c t i v i t y a n d f.p. of soln. of t h e 

d i c h r o m a t e s agree wi th t h e a s s u m p t i o n t h a t d ichromic acid , H 2 C r 2 O 7 , ch romic 
acid, H 2 C r O 4 , a n d c h r o m i u m t r iox ide a re p resen t . E . Sp i ta l sky , however , in t e r ­
p r e t e d t h e resul ts of his observa t ions on t h e ioniza t ion of t h e aq . soln. t o m e a n 
t h a t t h e soln. is ionized H 2 C r 2 O 7 ^ i J H * + C r 2 O 7 " . The resolu t ion of t h e d i c h r o m a t e 
i n t o c h r o m a t e ions was n o t observed wi th a mol of CrO 3 in 58OO l i t res . E . F i e ld ' s 
obse rva t ions on t h e rais ing of t h e b . p . of aq . soln. ind ica te a mol . w t . of 171*85 
w h e n H 2 C r O 4 requires 118*4, a n d H 2 C r 2 O 7 r equi res 218-8. T . Cos ta ' s ebull iscopic 
m e a s u r e m e n t s show t h a t soln. which are n o t t oo concen t r a t ed , a t 100° con ta in 
H 2 C r 2 O 7 , n o t H 2 C r O 4 ; a n d t h a t a soln. of chromic acid h a s t h e s a m e electr ical 
c o n d u c t i v i t y when cooled t o 0° e i ther d i rec t ly or after h e a t i n g t o 100°, so t h a t n o 
ch romic acid, H 2 C r O 4 , is formed in soln. K . S e u b e r t a n d J . Cars tens exp la ined 
t h e ac t ion of hyd raz ine on t h e a s s u m p t i o n t h a t t h e soln. con t a ined H 2 C r 2 O 7 , or 
C r 2 O / •ions. M. S. Sherri l l found t h a t t h e f.p. of soln. of a m m o n i u m c h r o m a t e 
ag reed w i t h t h e a s s u m p t i o n t h a t H C r 0 4 ' - i o n s a re p re sen t . W . V. B h a g w a t a n d 
N . R . D h a r , N . R . D h a r , a n d F . A u e r b a c h a s s u m e d t h e ex is tence of H 2 C r O 4 i n 
a q . soln. H . Xiessheim a n d co-workers , a n d P . Niggli d iscussed t h e e lec t ronic 
s t r u c t u r e . 

T h e general ly accep ted view—vide supra—is t h a t c h r o m i u m is sex iva len t in 
t h e t r iox ide ; b u t W. M a n c h o t supposed t h a t i t is q u a d r i v a l e n t : 

Quadrivalent Cr 

h e s u p p o r t e d t h i s hypo thes i s b y c o m p a r i n g t h e reac t ions of t h e t r i ox ide w i t h those 
of t h e pe rox ides , b u t R . L u t h e r a n d T . F . R u t t e r d id n o t agree . A. G e u t h e r 
supposed t h a t t h e p o l y c h r o m a t e s a re sa l t s of h y p o t h e t i c a l po lychromic ac ids : 

O : Cr%o 
Sexivalent Or 

o=o< 

0 V ^ 0 X - P r / ° H 

O / ^ N O / ^ X O H 
."Dichromic acid. 

l O / ^ V O / i ^ X O H 
Tricliromic acid. Tetrachromic acid. 

A . Miola t i r ep re sen ted ch romic ac id on t h e co -o rd ina t ion t h e o r y b y H 2 [CrO 4 ] , 
a n d t h e p o l y c h r o m i c ac ids b y H 2 [Cr (CrO 4 )O 3 ] , in -which t h e oxygen a t o m s of t h e 
0 3 - g r o u p a re r ep laced b y Cr0 4 - r ad ic les : 

Dichromate, - H 2 O r 8 O 7 

H 
Trichromate, 

Kr*'-] 
-H8CTaO1 

H,[crg*°*>»] 
Tetrachromate, - H 2 C r 4 O 1 3 . 

I n a d d i t i o n t o a n u m b e r of i no rgan ic p o l y c h r o m a t e s , R . W e i n l a n d a n d H . S tae l in 
p r e p a r e d d i c h r o m a t e s of qu inol ine a n d guan id ine ; a n d t r i c h r o m a t e s of quinol ine , 
p y r i d i n e a n d guan id ine . A. W e r n e r r ep resen ted d ichromic ac id as a de r iva t ive 
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of d imolecu la r c h r o m i u m t r i ox ide ( C r 0 3 ) 2 , a n d on his co -o rd ina t ion t h e o r y , d i ch romic 
ac id becomes : 

r o o i 
OCr . . . OCr . . . O H 2 

Lo o J 
The physical properties of chromium trioxide.—The evaporation of the aq. 

soln. of c h r o m i u m t r i ox ide furnishes a d a r k r e d m a s s . T h e colour w a s found b y 
F . R i n n e 3 t o d a r k e n w i t h a r ise of t e m p . , a n d t o be r e s to red on cooling. W h e n t h e 
t r iox ide is c rys ta l l ized in t h e presence of su lphur i c acid, d a r k red , needle- l ike crysta ls 
a r e formed, which , accord ing t o A. E . Nordensk jo ld , a r e r h o m b i c b i p y r a m i d s w i t h 
t h e ax ia l r a t i o s a : b : c = 0 - 6 9 2 : 1 : 0 6 2 8 . T h e fused t r i o x i d e furnishes a h a r d , 
b r i t t l e , cora l - red , c rys ta l l ine m a s s , w h i c h fo rms a sca r le t - red p o w d e r . L . P l ay fa i r 
a n d J . P . J o u l e gave 2-676 for t h e specific grav i ty of t h e c rys ta l l i zed t r i ox ide ; 
C. H . D . B o d e k e r gave 2-737 a t 14°, a n d for t h a t wh ich h a d b e e n fused, 2-629 a t 
14°, while A. Bchafar ik g a v e 2-819 a t 20° ; W . A. R o t h a n d G. Becker , 2-80 a t 21° ; 
a n d E . Z e t t n o w , 2-775 t o 2-804. H . C. J o n e s a n d H . P . B a s s e t t m e a s u r e d t h e 
sp . gr . of soln. w i th f rom 0-10 t o 4-00 mols of CrO 3 pe r l i t re wi th t h e idea of cal­
c u l a t i n g t h e so lva t ion of c h r o m i u m t r i o x i d e in soln .—vide supra. T h e sp . gr. of 
aq . soln. of t h e t r i ox ide were d e t e r m i n e d b y U . J . Mendeleefr, a n d E . Z e t t n o w ; t h e 
following a re ave rages of t h e t w o se t s of o b s e r v a t i o n s , a t 15 u : 

CrOa . 5 
S p . g r . . 1 0 3 6 5 

1 0 
1 - 0 7 6 0 

15 2 0 
1 - 1 1 8 5 1 - 1 6 4 0 

H . R . Moore a n d W . B l u m found t h e s p . 
t a i n i n g a t 25°, C mo l s of C r O 3 pe r l i t r e : 
a 
S p . g r . 

. 1 2 3 4 5 
1 0 1 2 5 1 1 3 8 3 1*2041 1 - 2 6 9 9 1-

g r . 

3 3 5 8 

3O 
1-

a t 

6 
1 

2 6 3 0 

2 5 ° 

4Ol 6 

4O 
1-378O 

of soln. 

7 
1 - 4 6 7 4 

5 0 6 0 p e r 
1 - 5 1 1 0 1 6 5 6 

of c h r o m i c ac id 

8 
1 - 5 3 3 2 

c e n t . 

con-

9 10 
1 - 5 9 9 0 1 - 6 6 4 8 

W . Bi l t z d i scussed t h e mo l . vo l . ; a n d C. de l F r e s n o , t h e c o n t r a c t i o n in vol . which 
occurs w h e n t h e c o m p o u n d is fo rmed . T h e v i scos i ty , -q ( w a t e r u n i t y ) d y n e s pe r 
c m . for aq . soln. of c h r o m i u m t r iox ide c o n t a i n i n g <u g r m . C r O 3 p e r 100 g r m s . of 
w a t e r , is : 

o° 

18° 

2 5 ° 

4 0 ° 

S <o 
I V 
S co 
I V 
S co 
t V 
S <*> 
> V 

1 1 1 - 4 
1 - 4 8 2 

9 8 - S 
1 - 5 1 1 6 

1 4 7 - 4 
2 * 3 3 6 0 

1 1 1 - 4 
1 -328 

7 2 - 8 6 
1 -195 

7 1 O l 
1 - 2 8 4 9 

89-4O 
1 - 4 8 8 0 

7 2 - 8 6 
1 -164 

5 1 - 3 8 
l - l l O 

3 5 - 9 2 
1 - 1 0 1 7 

4 2 - 6 8 
1-136O 

5 1 - 3 8 
1 1 0 5 5 

2 9 - 5 9 
1-G57 

1 6 - 7 1 
1 - 0 3 4 9 

1 2 - 0 5 
1 0 2 4 

1 6 - 5 5 
1 0 2 7 

S. A. M u m f o r d a n d L . F . G i lbe r t f ound t h e sp . gr . of soln. of c h r o m i c ac id c o n t a i n i n g 
M mols p e r l i t r e a t 25°/4°, t o be : 
M 
S p . g r . . 

1 0 - 7 1 3 
1 - 7 0 4 2 

7 - 2 8 8 
1 - 4 8 3 5 

5 1 7 6 
1 - 3 4 7 9 

2 - 3 2 2 
1-153O 

0 - 8 4 2 
1 0 6 0 2 

0 - 2 0 6 
1 - 0 1 1 9 

0 - 0 6 0 
1 -0012 

0 0 1 3 
0 - 9 9 8 1 

a n d a t 45° /4 c 

M 
S p . g r . 

1 0 - 7 6 8 
1 - 6 9 5 4 

7 - 0 3 4 
1 - 4 5 9 3 

5 - 8 9 0 
1 - 3 8 1 3 

2 - 8 2 9 
1 1 8 3 1 

2 0 6 9 
1 1 3 0 6 

1 -082 
1 0 5 9 9 

0 - 4 5 9 
1 - 0 2 2 6 

0 - 2 2 6 
1 - 0 0 6 3 

Gr. G. a n d I . N . Long inescu c a l c u l a t e d t h e sp . gr . of t h e soln. cons ide red as a b i n a r y 
m i x t u r e . C. de l F r e s n o , a n d D . Balareff s t u d i e d t h e mo l . vo l . R . D u b r i s a y 
m e a s u r e d t h e surface t e n s i o n d u r i n g t h e progress ive n e u t r a l i z a t i o n of ch romic acid 
soln. b y soln. of s o d i u m h y d r o x i d e , a n d b y a m m o n i a , a n d f o u n d t h a t ch romic acid 
differs f rom a s t r o n g d ibas ic ac id , s u c h as su lphu r i c ac id , in exh ib i t i ng a c o n s t a n t 
surface t ens ion on ly u n t i l t h e first ac id func t ion is neu t r a l i zed , a f te r wh ich t h e 
surface t en s ion decreases g r a d u a l l y b u t s l ight ly un t i l t h e second is neu t ra l i zed , 
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w h e n , as usua l , a g r e a t decrease occurs . T . G r a h a m m a d e o b s e r v a t i o n s o n t h e 
r a t e of diffusion of c h r o m i u m t r i ox ide in aq . soln. 

T h e specific h e a t of a q . soln. of c h r o m i u m t r iox ide , b e t w e e n 21° a n d 53°, w a s 
m e a s u r e d b y J . C. G. d e M a r i g n a c * E . H . B u c h n e r a n d A. P r i n s g a v e for soln. w i t h 
t h e m o l a r r a t i o C r O 3 : n H 2 0 : 

rv . . 3-55 5 0 2 9*01 25-2 50 87-9 100-5 20O 
Sp . l i t . . 0-506 0-557 0-665 0-803 0-876 0-927 0-942 0-970 

T h e l a s t t w o se ts of d a t a a r e b y J . C. G. de Mar ignac . T h e s u b j e c t w a s d iscussed 
b y N . de Ko lossowsky . O. I J n v e r d o r b e n , J . J . Berzel ius , H . Moissan, E . H i n t z , 
a n d A. Schafa r ik obse rved t h a t w h e n c h r o m i u m t r iox ide is h e a t e d , i t b e c o m e s 
a l m o s t b l ack a n d t h e n m e l t s t o a r e d d i s h - b r o w n l iquid . M. T r a u b e gave 180°-190° 
for t h e me l t ing po int ; F . M. J a g e r a n d H . C. Germs , 198° ; a n d E . Groschufi sa id 
t h a t t h e t r i o x i d e m e l t s a t 196° w i t h a l i t t le decompos i t ion , a n d t h a t t h e m o l t e n 
m a s s can be easi ly under -coo led 26° ; E . Z e t t n o w g a v e 170°-172° for t h e f.p., a n d 
sa id t h a t on solidification, t h e t e m p , m a y rise t o 193° ; a n d t h a t t he re is a la rge 
c o n t r a c t i o n on solidification. T h e freez ing points of aq . soln. of c h r o m i u m t r iox ide 
a re i nd i ca t ed in F ig . 24. J . Koppe l a n d R . B l u m e n t h a l gave : 

CrO., . . . 2 3 1 28-G 44-4 5 0 0 54/5 per cent . 
Freezing point . —6° —9-3° —24° — 36° —51° 

a n d W . Os twa ld , a n d R . Abegg a n d A. J . Cox m a d e obse rva t ions on t h e mol . lower ing 
of t h e f .p. of aq . soln. H . C. J o n e s a n d H . P . B a s s e t t found t h a t w i t h soln. con­
t a i n i n g m mol of CrO 3 pe r l i t re , t h e lowering of t h e f.p. was : 

rn . . . . 0 1 0 IO 2-5 4-OO 
Fal l of f .p. . . . 5-26° 0-78° 9 0 0 ° 14-40° 

E . Cornec m e a s u r e d t h e lower ing of t h e f.p. of aq . soln. of chromic ac id d u r i n g 
i t s p rogress ive n e u t r a l i z a t i o n -with sod ium hyd rox ide . The re is a b r e a k in t h e 
c u r v e co r re spond ing w i t h t h e fo rma t ion of t h e d i c h r o m a t e , a n d a n o t h e r b r e a k 
c o r r e s p o n d i n g w i t h t h e c h r o m a t e . J . J . Berzel ius, A. Schafar ik , H . Moissan , a n d 
E . H i n t z no t i ced t h a t w h e n h e a t e d t o n e a r t h e b .p . of su lphur ic acid, c h r o m i u m 
t r i o x i d e vo lat i l i zes fo rming redd i sh fumes. O. U n v e r d o r b e n , A. Schafar ik , a n d 
J . J . Berze l ius obse rved t h a t c h r o m i u m t r iox ide decomposes a b o v e i ts m . p . i n t o 
o x y g e n a n d ch romic oxide w i t h a glow, b u t if t h e c h r o m i u m t r iox ide h a s been 
o b t a i n e d b y e v a p o r a t i o n n o g lowing occurs . H . A r c t o w s k y said t h a t d e c o m ­
pos i t i on occurs a t 200° ; a n d I . Schukofr a d d e d t h a t t h e t r iox ide d e c o m p o s e s 
w i t h def lagra t ion a t 300°, w i t h t h e evo lu t ion of oxygen . L*. a n d P . W o h l e r sa id 
t h a t be low 1200°, t h e r eac t ion 2CrO 3 = C r 2 O 3 + 3 O is no t revers ible a n d is p r o b a b l y 
e x o t h e r m a l ; b u t in t h e p resence of p o t a s s i u m s u l p h a t e , a t 1000°, t h e r e a c t i o n , 
2 K 2 S 0 4 + C r 2 0 3 + 3 0 ^ 2 ( K 2 S 0 4 . C r O 3 ) , is revers ib le , a n d a t 1009°, t h e press , of t h e 
o x y g e n is 878 m m . ; a t 1029°, 785 m m . A. S imon a n d T. S c h m i d t ' s h e a t i n g c u r v e , 
a n d d i s soc ia t ion p ress , c u r v e a re s h o w n in F i g . 22 . X . S. N a r g u n d a n d H . E . W a t s o n 
f o u n d t h a t 2 h r s / h e a t i n g a t 300° r e su l t ed in a 28 p e r cen t , decompos i t ion ; a t 350°, 
48 p e r c e n t . ; a t 400°, 52 pe r cen t . ; a t 550°, 100 pe r cen t . ; 9 h r s . a t 350°, 52 p e r 
c en t . , a n d 18 h r s . a t 350°, 55 p e r cen t . R . R e a d obse rved t h a t i n t h e n o n - l u m i n o u s 
f lame c h r o m i u m t r i ox ide decomposes w i t h a b r igh t , wh i t e incandescence . 
H . A r c t o w s k y n o t i c e d t h a t w h e n h e a t e d t o 125°, u n d e r 16 m m . press . , c h r o m i u m 
t r i o x i d e vola t i l izes fo rming a s u b l i m a t e of long, r e d needles . J . K o p p e l a n d 
R . B l u m e n t h a l obse rved t h e boi l ing points of a q . soln. of c h r o m i u m t r iox ide , 
a t d r d i n a r y p res s . : 

CrO8 . . 10-81 24-08 4 5 1 5 - 61-54 71-24 per cent. 

Boiling po in t 102° 102° 110-5° 120° 127° 

a n d T . C o s t a f o u n d t h e mo l . r ise of t h e b . p . of aq . soln. t o be : 

CJrO8 . . 1-5233 1-7886 3-8212 11-5159 per cent. 
Base of t e m p . . 15-6° 14-3° 14-1° 13-7° 
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O b s e r v a t i o n s were a lso m a d e b y E . F ie ld—v ide supra. W . G. Mix te r gave for 
t h e h e a t Of format ion of c h r o m i u m t r iox ide , CrO 3 , f rom i ts e l emen t s , 140 CaIs. ; 
a m o r p h o u s ch romic oxide , 36-2 CaIs. ; a n d from crys ta l l ine ch romic oxide 26-1 CaIs., 
whi ls t M. B e r t h e l o t gave 26-2 CaIs. W . A. R o t h a n d O. Becke r g a v e ( C r J O 2 ) = 147-1 
CaIs. ; a n d for t h e h e a t of r e d u c t i o n of C r O 3 t o Cr 2 O 3 , —6-1 CaIs. J . T h o m s e n gave 
for t h e h e a t of f o r m a t i o n in aq . soln., 18-913 CaIs., a n d M. Be r the lo t , 1O-6 CaIs. T h e 
sub jec t w a s discussed b y A. B e r k e n h e i m . Accord ing t o F . Morges , t h e h e a t of 
so lu t ion of CrO 3 in w a t e r is C r O 3 + H 9 O = H 2 C r O 4 + 5 8 0 cals . ; for H 2 C r 0 4 + H 2 0 , 
340 cals . ; for H 2 C r O 4 . H 2 O + H 2 O = 2 6 0 cals . ; for H 2 C r O 4 . 2 H 2 O + H 2 O , 135 cals . ; 
H 2 C r 0 4 . 3 H 2 0 + H 2 0 , 171 cals . ; H 2 C r 0 4 . 4 H 2 0 + H 2 0 , 80 cals . ; H 2 C r O 4 - S H 2 O 
+ H 2 O , 35 cals . ; H 2 C r 0 4 . 5 H 2 0 + 2 5 H 2 0 , 50O cals . ; a n d H 2 C r O 4 . 3 0 H 2 O + 2 5 H 2 O , 
210 cals . P . S a b a t i e r gave 1-9 cals . for t h e h e a t of soln. i n 40 t i m e s i t s we igh t of w a t e r 
a t 19°. E . H . B u c h n e r a n d A. P r i n s gave for t h e b e a t of d i lut ion f rom CrO3 . r?H2O 
t o CrO 3 . 80H 2 O 3 a n d t h e t o t a l h e a t of soln. w h e n t h e h e a t of soln. for a mol of solid 
CrO 3 and 80 mols of w a t e r is 24-67 cals. : 

ti 3-32 4-03 4-90 10*1 25-2 49-9 
Heat, di lution . 1447 U J l 860 4(>9 122 16 
H e a t solution . J 020 1356 16Ol 1998 2345 2451 

J . T h o m s e n gave for t h e heat of neutra l izat ion , (CrO 3 ,NaOH 1 4 n ) = 13-134 Cals . ; 
for ( C r 0 3 , 2 N a O H t t q )=-24-720 CaLs.; I \ S a b a t i e r g a v e ( 2 C r b 3 , K 2 O a q ) = 2 7 - 0 
C a l s . ; (2Cr0 3 ,2K,>O a q ) = 5 0 - 8 C a l s . ; whi le M. B e r t h e l o t gave ( 2 C r 0 3 , K 2 O a q . ) 
= 2 6 - 8 CaLs. ; \ 2 C r b 3 , 2 N H 3 a q ) = 2 4 - 0 Cals. ; for solid c h r o m i u m t r iox ide , ( C r 0 3 , K 2 0 ) 
—95-6 CaLs. ; ( 2 C r 0 3 . K * 6 ) — 106-8 CaLs., w h e n for solids ( S 0 3 , K 2 0 ) = 1 4 1 - 4 CaLs., 
a n d ( 2 S 0 3 , K 2 0 ) = 167-6 CaLs. 

E . Cornec m e a s u r e d t h e index of refract ion of a soln. of ch romic ac id d u r i n g i t s 
p rogress ive n e u t r a l i z a t i o n w i t h p o t a s s i u m h y d r o x i d e a n d wi th a q . a m m o n i a . 
T h e resu l t s show t h a t t h e a q . soln. of t h e acid first furnishes d i c h r o m a t e , a n d as 
t h e p r o p o r t i o n of base increases , c h r o m a t e is fo rmed . W . J. P o p e 5 g a v e 37-13 
for t h e ref rac t ion equ iva l en t of t h e CrO 4 - radic le . J . P i c c a r d a n d E . T h o m a s dis­
cussed t h e colour of c h r o m a t e a n d d i c h r o m a t e ions . T h e absorpt ion spec trum of 
aq . soln. of c h r o m i u m t r iox ide was e x a m i n e d b y J . H . G l a d s t o n e . 0 J . M. H i e b e n d a a l 
showed t h a t t h e g reen a n d b lue r a y s a re a b s o r b e d b y t h e soln. Accord ing t o 
A. lStard, t h e r e is a fine a b s o r p t i o n b a n d b e t w e e n A = 6 8 7 0 a n d 6800 w i t h cone , 
soln. ; b u t soln. of p o t a s s i u m c h r o m a t e a n d d i c h r o m a t e d o n o t show th i s b a n d . 
H . S e t t e g a s t m e a s u r e d t h e a b s o r p t i o n s p e c t r u m ; a n d P . S a b a t i e r found t h a t t h e 
coeff. of abso rp t ion , a,, for l igh t of different wave - l eng ths , A, is n o t sens ibly affected 
by t h e t h i ckness . A, of t h e l ayer of l iqu id t h r o u g h w h i c h t h e l igh t is passed . H e r e , 
I=I0IO-a^ w i t h l igh t of i n t e n s i t y I0 : 

A . . 545O 5480 5550 562O 5690 577O 585O 5930 
a . . 0-005 0 0 2 5 O-143 0-351 0-628 0-S12 0-900 0*950 

B e y o n d w a v e - l e n g t h 5450 t h e coeff. becomes p r a c t i c a l l y zero ; in v e r y dil . soln. , 
t h e coeff. for wave - l eng th 5180 is a b o u t 0*000013. T h e va lues a r e t h e s a m e for t h e 
acid as for t h e sa l t s , for solid p o t a s s i u m d i c h r o m a t e a s for i t s soln. , for t h e a m m o n i u m 
sa l t a s for t h e p o t a s s i u m sal t , a n d i t follows t h a t t h e a b s o r p t i o n e x e r t e d b y solid 
or d issolved a lka l ine d i c h r o m a t e s is sens ibly iden t ica l w i t h t h a t of t h e ch romic 
acid which t h e y c o n t a i n . W i t h soln. of p o t a s s i u m c h r o m a t e , t h e a b s o r p t i o n is in 
t h e blue a n d t h e v iole t , a n d w i t h d i lu t ion , t h e a b s o r p t i o n e x t e n d s m o r e in t h e 
d i rec t ion of t h e r ed . T h u s , O. K n o b l a u c h found t h a t in cone , soln. , t h e a b s o r p t i o n 
begins a t 490O, a n d in dil . soln. , a t 5100. W . BohlendorfT o b t a i n e d s imilar resu l t s ; 
while J . M. H i e b e n d a a l obse rved t h a t t h e a b s o r p t i o n beg ins a t 5050, a n d in dil . 
soln. a t 4770. K . V ie ro rd t , P . P o g a n y , F . G r u n b a u m , A. H a n t z s c h , P . Bovis , 
N . R . T a w d e a n d G. R . P a r a n j p e , G. J a n d e r a n d T. Aden , M. N . Saha , C. P . Snow 
a n d F . T. G. R a w l i n s , a n d H . S e t t e g a s t m a d e o b s e r v a t i o n s o n th i s sub jec t ; a n d 
P . S a b a t i e r found t h a t w i t h p o t a s s i u m c h r o m a t e soln. , t h e coeff. of t r ansmiss ion , a. 
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for s o l n . w i t h o n e e q . of Bait p e r l i t re , a n d , o,2, for s o l n . w i t h 2 e q . p e r l i t r e , 
w e r e : 

A . 4940 4990 5030 5060 5080 
a, . 0-06 O 18 0-325 0-44 
<z2 . 0 0 2 5 O-108 0-207 0-43 0-51 

5110 
O O l 
0-62 

513O 
0-69 
0-69 

5180 
0-85 
0-84 

6240 
0-92 
0-93 

The absorption is sl ightly greater in the more dil. soln., and this points to sl ight 
dissociation with formation of some dichromate, which, however, is only produced 
in very minute quantity . H. Becquerel found that soln. of potass im chromate are 
transparent for the ultra-red rays ; and G. Massol and A. Faucon studied the trans­
mission of ultra-violet rays. D . Brewster invest igated the absorption spectrum of 
soln. of ammonium chromate ; and J. H. Gladstone, soln. of metal chromates . 
H . v o n Halban and H. Siedentopf found that a soln. of potass ium chromate in 
0-052V-KOH had the extinction coeff., €, for l ight of wave- length, A, when 
J=:J010-""<Cfd, where C denotes the cone, in mols per litre. 

A 
€ x io— s 

2540 
2-35 

2650 
3 0 0 

2970 
0-927 

3130 
0 1935 

3340 
0-9850 

2800 
3-290 

2890 
2-086 

3600 
4-416 

4360 
0*3138 

/OOO 
SOO 

-fc SOO 
%% 7OO 

.^ fe SOO 
tj<b SOO 
-fe^ 4OO 

H . C. J o n e s a n d W . W . S t r o n g f o u n d t h a t t h e a b s o r p t i o n s p e c t r a of c o n e . s o l n . 
of p o t a s s i u m c h r o m a t e s h o w s a s t r o n g e r a b s o r p t i o n t h a n t h e v a l u e c a l c u l a t e d f r o m 
B e e r ' s l a w . G. R u d o r f d i s c u s s e d t h e a p p l i c a b i l i t y of B e e r ' s l a w . F. W e i g e r t , 
a n d H . v o n H a l b a n a n d H . S i e d e n t o p f s t u d i e d t h e a b s o r p t i o n of l i g h t b y m i x e d 
s o l n . of p o t a s s i u m c h r o m a t e a n d c o p p e r s u l p h a t e . O b s e r v a t i o n s o n t h e a b s o r p t i o n 
s p e c t r u m of s o l n . of p o t a s s i u m d i c h r o m a t e w e r e m a d e b y H . B r e m e r , P . G l a n . 
F . G r u n b a u m , H . C. J o n e s a n d W . W . S t r o n g , B . K . M u k e r j i a n d c o - w o r k e r s , 
F . M e l d e , J . Mul ler , P . P o g a n y , P . S a b a t i e r , H . S e t t e g a s t , C. P . S m y t h , G. J a n d e r 
a n d T . A d e n , a n d K . V i e r o r d t . A c c o r d i n g t o J . F o r m a n e k , a q . s o l n . of p o t a s s i u m 
d i c h r o m a t e a b s o r b t h e b l u e a n d v i o l e t r a y s , a n d w i t h d e c r e a s i n g c o n c e n t r a t i o n , t h e 
a b s o r p t i o n e x t e n d s in t h e d i r e c t i o n of t h e red r a y s . O. K n o b l a u c h f o u n d t h a t w i t h 
c o n e , s o l n . , t h e a b s o r p t i o n b e g i n s a t 5 2 0 0 , a n d is c o m p l e t e a t 4 9 4 0 , w h i l e w i t h d i l . s o l n . , 

a b s o r p t i o n b e g i n s a t 5 0 7 0 , a n d is c o m p l e t e a t 
4 8 4 0 . W . B o h l e n d o r f f g a v e for t h e l i m i t 5 0 0 0 , 
a n d J . M. H i e b e n d a a l , 5 2 5 0 . A . H a n t z s c h ' s 
o b s e r v a t i o n s are s u m m a r i z e d i n F i g . 2 5 . 
G. H a n t z s c h a n d R . H . Clark f o u n d t h a t s o l n . 
of c h r o m i u m t r i o x i d e i n w a t e r a n d i n a q . su l ­
p h u r i c a c i d are a t a l l c o n e , o p t i c a l l y i d e n t i c a l 
w i t h e a c h o t h e r a n d w i t h f e e b l y a c i d i c s o l n . 
of p o t a s s i u m d i c h r o m a t e . S o l n . of t h e l a t t e r 
i n w a t e r d e v i a t e v e r y s l i g h t l y i n t h e d i r e c t i o n 
of m o n o c h r o m a t e s o l n . S o l n . of m o n o c h r o -
m a t e s i n w a t e r , i n a lka l i s , a n d i n m e t h y l 
a l c o h o l , are a t al l c o n e , q u i t e d i f f erent f r o m 
d i c h r o m a t e a n d c h r o m i c a c i d s o l n . i n t h e i r 
o p t i c a l c h a r a c t e r i s t i c s , b u t are i d e n t i c a l a m o n g 
t h e m s e l v e s , e x c e p t for a s l i g h t d e v i a t i o n of 

t h e a q . s o l n . i n t h e d i r e c t i o n of t h e d i c h r o m a t e s o l n . T h e o p t i c a l c h a r a c t e r i s t i c s are 
i n d e p e n d e n t , n o t o n l y of t h e c o n e , a n d t h e s o l v e n t , b u t a l s o of t h e t e m p . T h e 
c h r o m o p h o r i c g r o u p i n a l l a c i d i c s o l n . i s t h e c o m p l e t e l y s a t u r a t e d c o m p l e x C r 2 O 7 ; 
i n a l l a l k a l i n e s o l n . t h e c o r r e s p o n d i n g c o m p l e x i s CrO 4 . F r o m t h e o p t i c a l p o i n t of 
v i e w , i t i s i m m a t e r i a l w h e t h e r t h e s e c o m p l e x e s are c o m b i n e d w i t h h y d r o g e n or 
a l k a l i m e t a l , i o n i z e d or n o n - i o n i z e d i t h e c o l o u r of t h e i o n s m u s t b e t h e s a m e a s 
t h a t of t h e n o n - i o n i z e d m o l e c u l e . A . H a n t z s c h a n d C S . G a r r e t t e x p l a i n t h e s l i g h t 
d i v e r g e n c e f r o m B e e r ' s l a w w i t h v e r y c o n e , a l k a l i n e s o l n . of c h r o m a t e s b y i n c o m p l e t e 
h y d r a t i o n r a t h e r t h a n hy i o n i z a t i o n c h a n g e s . A l l v a r i a t i o n s f r o m t h e c o l o r i m e t r i c 
l a w a r e a t t r i b u t e d e i t h e r t o e x p e r i m e n t a l errors , or t o c h e m i c a l c h a n g e s b e t w e e n 
s o l v e n t a n d s o l u t e . H . M. V e r n o n e s t i m a t e d t h e d e g r e e of i o n i z a t i o n f r o m t h e c o l o u r 
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of aq . so ln . of t h e t r i ox ide . E . V i t e rb i a n d G. K r a u s z m e a s u r e d t h e a b s o r p t i o n spec t r a 
of soln . of c h r o m i c acid , a n d of p o t a s s i u m c h r o m a t e a n d d i c h r o m a t e . T h e r e a r e seven 
feeble l ines in t h e u l t r a - v i o l e t s p e c t r a of ch romic ac id a n d p o t a s s i u m d i c h r o m a t e 
w h i c h d o n o t occur w i t h soln. of t h e c h r o m a t e . T h e b a n d s w i t h t h e c h r o m a t e soln. 
a re s h a r p e r t h a n t h o s e w i t h c h r o m i c ac id o r t h e d i c h r o m a t e . E x c e p t for a few 
m i n o r differences, t h e s p e c t r a of t h e d i c h r o m a t e a n d of ch romic ac id a r e s imi lar , 
a n d confo rm t o B e e r ' s l aw . H e n c e i t is a s s u m e d t h a t in t h e s e soln. , t h e c h r o m i u m 
is n e a r l y all p r e s e n t a s C r 2 O 7 " , wh ich h a s t h e s a m e a b s o r p t i o n s p e c t r u m e i the r a s 
a n ion or as a non- ion ized molecu le ; b u t p r o b a b l y w i t h dil . soln. of t h e d i c h r o m a t e , 
t h e r e is some dissocia t ion e i t he r as C r 2 0 7 " + H 2 0 ^ 2 C r 0 4 " + 2 H \ or as C r 2 0 7 " - f - H 2 0 
^ 2 H C r O 4 ' . Soln. of p o t a s s i u m c h r o m a t e do n o t follow Bee r ' s law, b u t t h e r e su l t s 
w i t h dil . soln . a p p r o a c h t h o s e w i t h soln. of t h e d i c h r o m a t e , owing, p r o b a b l y , t o a 
r eac t i on 2 C r O 4 " + H 2 O ^ C r 2 O 7 " + 2 O H ' ; a n d t h e a d d i t i o n of a l a rge p r o p o r t i o n 
of a lka l i d isplaces t h e e q u i l i b r i u m t o w a r d s t h e left a n d r e s to res t h e r e su l t s for t h e 
a b s o r p t i o n s p e c t r u m of t h e c h r o m a t e . R . R o b l o b s e r v e d b u t a f a in t luminescence 
in u l t r a -v io l e t l i gh t ; a n d A. K a r l f o u n d t h e c ry s t a l s t r i b o l u m i n e s c e n t . W . Spr ing 
found t h a t t h e r e is a s l ight c h a n g e of co lour w h e n soln. of p o t a s s i u m d i c h r o m a t e 
a r e a l lowed t o s t a n d . Th i s shows t h a t t h e r e is a c h a n g e in t h e c o n s t i t u t i o n of t h e 
soln. A. M. T a y l o r e x a m i n e d t h e u l tra-red s p e c t r u m ; I ) . M. Y o s t , t h e K - a b s o r p t i o n 
s p e c t r u m ; a n d N . Nisi , t h e R a m a n effect. 

B o t h H . Buff,7 a n d Li. B l e e k r o d e sa id t h a t m o l t e n c h r o m i u m t r i o x i d e is a good 
c o n d u c t o r of e lec t r ic i ty , b u t J . W . H i t t o r f showed t h a t t h e t r i o x i d e is a c o n d u c t o r 
on ly w h e n i t is c o n t a m i n a t e d w i t h i m p u r i t i e s , p a r t i c u l a r l y w a t e r ; t h e purif ied 
t r i o x i d e is a n o n - c o n d u c t o r . T h e e lectr ical conduct iv i ty of a q . soln . w a s m e a s u r e d 
b y R . L.enz, W . Os twa ld , R . A b e g g a n d A. J . Cox, E . Sp i t a l sky , H . C. J o n e s a n d 
H . P . B a s s e t t , e t c . P . W a l d e n f o u n d t h a t w i t h soln. c o n t a i n i n g a m o l of t h e sa l t 
in v l i t res of w a t e r a t 25°, t h e mo l . conduc t i v i t i e s , JJL, a r e : 

v . 1 6 3 2 0 4 1 2 8 2 5 6 5 1 2 1 0 2 4 
/x . 3 4 7 1 3 5 4 - 7 3 5 8 - 9 3 6 1 - 3 3 6 0 - 8 3 5 8 - 4 3 5 3 - 7 

H . C. J o n e s g a v e for t h e m o l a r c o n d u c t i v i t y , JUL, a t 0° , a n d t h e p e r c e n t a g e degree of 
ionization, a, 

v . 0 - 2 8 6 0-50O l-OOO 2-5OO 5-OO 10-OO 2 0 0 0 4 0 - 0 0 
/JL . 1 0 8 - 4 2 0 6 - 8 3 1 2 - 4 3 8 8 - 9 4 2 0 0 4 3 6 - 0 4 4 O O 4 5 2 0 
a . 2 0 - 7 3 9 - 3 5 9 - 7 7 4 - 3 8 0 - 3 8 3 - 4 8 4 1 8 6 - 4 

T h e c o n d u c t i v i t y a t infinite d i lu t ion is 523 . T h e a s s u m p t i o n t h a t t h e ion iza t ion 
is r e p r e s e n t e d by H 2 C r O4== H * + H C r O 4 ' ^ 2 H " + Cr O 4 " , does n o t e x p l a i n t h e 
fac t s . T h e n a t u r e of t h e molecu les f o r m e d in aq . soln. d e p e n d s on t h e compos i ­
t i on , c o n c e n t r a t i o n , a n d t e m p , of t h e soln. Th i s h a s b e e n t h e sub j ec t of m a n y 
i nves t i ga t i ons a n d t h e r e su l t s a r e u s u a l l y expressed in t h e l a n g u a g e of t h e ionic 
h y p o t h e s i s . W h a t e v e r b e t h e e q u i l i b r i u m cond i t i on , t h a t s t a t e is qu ick ly a t t a i n e d ; 
a n d t h e r e s u l t w a s s h o w n b y K . B e c k a n d P . S tegmii l le r , T. Costa , M. S. Sherr i l l , 
a n d P . W a l d e n t o be i n d e p e n d e n t of t h e m o d e of p r e p a r a t i o n of t h e soln. 
A. H a n t z s c h ' s op t i c a l m e a s u r e m e n t s s h o w t h a t i t is v e r y i m p r o b a b l e t h a t c h r o m i u m 
t r i o x i d e ex i s t s in a q . soln. as CrO 3 , o r i n t h e ionic f o r m C r O 4 " or H C r O 4 ' . H e 
the re fo re a s s u m e d t h a t in solid, a n d i n a q . soln. , t h e e q u i l i b r i u m c o n d i t i o n : 
n C r 0 3 + H 2 0 ^ ( C r 0 3 ) n . H 2 0 , is a l m o s t who l ly i n f a v o u r of t h e po lymer i zed p r o d u c t . 

W i t h t h e m o s t c o n c e n t r a t e d soln. of c h r o m i u m t r iox ide in wa te r , i t is p robab le 
t h a t t r i c h r o m i c a n d t e t r a c h r o m i c ac ids a r e fo rmed , b u t in m o r e d i lu t e soln., only 
m o n o c h r o m i c a n d d i c h r o m i c ac ids a r e i nvo lved ; t h e fo rmer m a y be ionized : 
H 2 C r O 4 ^ H " + H C r O 4 ' ==2H' + C r O 4 " , a n d t h e l a t t e r : H 2 C r 2 O 7 ^ H * + H C r 2 O 7 ' 
^ 2 H ' + C r 2 O 7 " . I t w a s , t he re fo re , in fe r red t h a t c h r o m i c acid, H 2 C r O 4 , exis ts 
in soln. , a n d t h a t i t b e h a v e s a s a m o n o b a s i c ac i# H ( H C r O 4 ) , ionizing : H 2 C r O 4 
= H " + H C r O 4 ' . R . A b e g g a n d A. J . Cox t o o k a s imi la r view, a n d a d d e d t h a t even 
w i t h soln . of t h e d i c h r o m a t e s , t h e r e is a r e l a t ive ly smal l p r o p o r t i o n of C r 2 O 7 " - i ons , 
a n d t h a t a s t h e t e m p , r ises, t h e C r 2 0 7 " - i o n s fo rm C r 0 4 " - i o n s a n d ch romic acid . 
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E . Carr iere a n d P . Castel s tud ied t h e ionic equ i l ib r ium 2 C r O 4 " + 2 H ^ C r 2 O 7 " + H 2 O 
a t 20° b y t h e convers ion of b a r i u m c h r o m a t e i n t o b a r i u m d i c h r o m a t e b y t h e a d d i ­
t ion of a measu red a m o u n t of hydroch lo r i c acid , t h e e n d - p o i n t be ing r e a c h e d -when 
t h e soln. becomes clear. T h e hydrogen- ion cone, of t h e equ i l i b r ium m i x t u r e w a s 
ca lcu la ted from t h e law of m a s s ac t ion appl ied t o t h e ions conce rned a s s u m i n g 
comple te ionizat ion, a n d good a g r e e m e n t w a s found b e t w e e n t h e obse rved a n d 
ca lcu la ted va lues for low cone. T h e cone, of ac id r e q u i r e d decreases w i t h t e m p . , 
a n d t he equi l ibr ium c o n s t a n t a t 18° is 3 XlO"" 1 5 . P . W a l d e n conc luded f rom t h e 
Small change in t h e electr ical c o n d u c t i v i t y of t h e soln. b e t w e e n t h e d i lu t ions v=32 
a n d v=~ 1024, t h a t a s t rong monobas ic ac id is i nvo lved a n d t h a t t h i s is a l m o s t 
comple te ly ionized wi th t h e d i lu t ion v—32. W . Os twa ld , however , conc luded t h a t 
t h e ac id exis ts in aq . soln., n o t as H 2 C r O 4 , b u t as H 2 C r 2 O 7 ; a n d in s u p p o r t of t h i s 
he showed t h a t a n aq . soln. which con ta ins a mol of a c o m p o u n d pe r k i l o g r a m 
lowers t h e f.p. —1-85°. Acet ic acid gives nea r ly t h e n o r m a l v a l u e —1-92° ; n i t r i c 
acid gives —3-70°, near ly twice t h e n o r m a l va lue , in a g r e e m e n t w i t h t h e a s s u m p t i o n 
t h a t i t is a lmos t comple te ly ionized in to H* a n d N O 3 ' ions ; su lphu r i c ac id gives 
—2-00" in ag r eemen t wi th t h e a s sumpt ion t h a t i t is ionized H 2 S O 4 ̂ - 2 H "-+-SO4" 
t o t h e e x t e n t of a b o u t 0-6 ; a n d chromic acid gives —1-34° in a g r e e m e n t w i t h t h e 
a s sumpt ion t h a t i t is comple te ly ionized H 2 C r 2 O 7 ^ 2 H " + C r 2 O 7 " , a n d t h i s is in 
accord wi th t h e observa t ions of P . W a l d e n . Accord ing t o W . C. D . W h e t h a m , t h e 
eq. conduc t iv i ty , A, of soln. of po t a s s ium d i c h r o m a t e con t a in ing m eq . p e r l i t re is : 

m . O-OOOOl 0 0 0 0 1 0 0 0 1 0 -01 0-1 0 -2 
A . 8 1 - 3 7 6 - 3 7 1 - 4 7 0 - 4 6 4 - 3 6 1 - 5 

T h e rise of t he c o n d u c t i v i t y wi th d i lu t ion u p t o m = O 0 0 0 1 is u n u s u a l l y smal l , a n d th i s 
is a t t r i b u t e d t o t h e hydro lys i s of t h e C r 2 0 7 " - i o n s t o t h e s low-moving H C r 0 4 ' - i o n s . 
T h e u n u s u a l l y large rise in t h e conduc t i v i t y when t h e soln. is d i lu ted from m — O 0 0 0 1 
t o m = 0 - 0 0 0 0 l , is a t t r i b u t e d t o t h e ion iza t ion H C r O 4 ' ^ H " + CrO 4 ' ' or poss ib ly 
H C r 2 O 7 ^ H * + C r 2 O 7 " . H . R . Moore a n d W . B l u m found t h e electrical con­
d u c t i v i t y K m h o s of soln. of C mols of ch romic acid per l i t re a t 25° t o b e : 

C . . 1 2 3 4 5 6 7 8 9 1 0 
( 0 ° . 0 - 2 1 9 0 - 3 4 2 0 4 1 8 0 - 4 4 0 0 - 4 3 5 0 - 4 2 0 0 - 3 8 7 0 3 4 5 0 - 2 8 9 0 - 2 2 5 

K \ 2 5 ° . 0 - 3 1 5 0 - 5 1 3 0 - 6 1 0 0 - 6 5 7 0 - 6 6 2 0 - 6 4 1 0 - 6 0 0 0 - 5 4 5 0 - 4 7 7 0 - 4 0 2 
( 4 5 ° . 0 - 3 8 9 0 - 6 3 2 0 - 7 6 3 0 - 8 1 8 0 8 3 1 0 - 8 1 7 0 - 7 6 9 0 - 7 0 8 0 - 6 2 5 0 - 5 2 8 

T h e r e su l t i ng cu rves show a m a x i m u m for a b o u t 4iW-soln. a t 0° ; for 4-8ikf-soln. 
a t 25° ; a n d for 5-(XM-soln. a t 45°. This shift is g rea t e r t h a n can be exp la ined b y 
t h e c h a n g e in sp . gr. or in vol . cone , caused b y t h e difference in t e m p . ; i t m u s t 
the re fo re i nvo lve a difference in t h e degree or t y p e of d issocia t ion of t h e ch romic 
ac id . I i . N . J . Saal found t h e equ i l i b r ium c o n s t a n t of t h e r eac t ion C r 2 O 7 " 
+ H 2 0 ^ 2 H C r 0 4 ' t o b e 0*019. T h e decompos i t i on of d i c h r o m a t e t o c h r o m a t e 
m a y occur (i) in t h e a lka l ine reg ion : C r 2 O 7 " - j - O H ' - > C r O 4 " + H C r O / ; (ii) in 
t h e ac id ic a n d n e u t r a l region : C r 2 O 7 " - j - H 2 0 - ^ 2 H C r 0 4

/ ; a n d (iii) d i lu t ing t h e 
soln. w i t h ac id a n d w a t e r : C r 2 O 7 " + H " + H 2 O ( ^ H C r 2 O 7 ' + H 2 0 ) - > 2 H C r 0 4 ' + H \ 
N . R . D h a r s t ud i ed t h i s sub jec t . Accord ing t o E . Sp i t a l sky , t h e hydrogen- ion 
concentra t ion , [H"J, in di l . soln. of ch romic ac id of [Cr], is : 

[Cr] . O 0 0 2 4 4 0 0 0 0 1 2 1 8 0 - 0 0 0 6 0 9 0 0 0 0 6 0 2 0 0 0 0 3 4 4 0 0 0 0 1 7 2 
[ M - ] . 0 0 0 2 4 9 0 - 0 0 1 2 1 0 0 0 0 6 0 6 0 0 0 0 5 9 5 O O O 0 3 4 2 0 0 0 0 1 6 6 

so t h a t t h e r a t i o [H*] : [Cr] is n e a r l y u n i t y in h a r m o n y w i t h t h e a s s u m p t i o n t h a t 
w i t h d i l . soln . of c h r o m i c acid , t h e ion iza t ion is : H 2 C r O 4 ^ H " + H C r O 4 ' . T h e 
e l e c t r o m e t r i c t i t r a t i o n of c h r o m i c ac id soln. w a s m a d e b y A. Miolat i a n d E . Masce t t i , 
N . H . F u r m a n , R . N . J . Saa l , Y . K a t o a n d T. M u r a k a m i , W . S. H u g h e s , N . W e s t b e r g ' 
a n d I i . Marga i l l an . H . T . S. B r i t t o n o b t a i n e d t h e resu l t s s u m m a r i z e d i n F i g . 26, b y 
m e a n s of t h e h y d r o g e n e l ec t rode ; a n a l o g o u s r e su l t s were o b t a i n e d w i t h t h e oxygen 
e l ec t rode . I t fol lows t h a t c h r o m i c ac id ionizes as a n o r m a l d ibas ic acid. T h e 
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r eac t ion H 2 C r O 4 ^ H * + H O r O 4 ' is a l m o s t comple t e in dil . soln., whe reas t h e reac t ion 
H C r 0 4 ' ^ H * + C r 0 4 " is e x t r e m e l y smal l . A. Miolat i a n d E . Masce t t i m e a s u r e d t h e 
c o n d u c t i v i t y of soln. of ch romic ac id d u r i n g i ts progress ive n e u t r a l i z a t i o n wi th 
s o d i u m h y d r o x i d e ; E . Cornec m a d e 
ana logous obse rva t i ons w i t h r e spec t ^ . ~ /'# i 
t o t h e f .p. , a n d indices of re f rac t ion 
of soln. of ch romic ac id be ing 
neu t r a l i zed w i th sod ium, p o t a s ­
s ium, or a m m o n i u m h y d r o x i d e ; 
b y Li. Margai l lan , on t h e e.m.f. of 
hydrogen ized p l a t i n u m a n d t h e 
soln. a g a i n s t a m e r c u r y c a t h o d e ; 
a n d b y R . D u b r i s a y , o n t h e surface 
t ens ion of t h e soln. I n genera l , 
t h e soln. first fo rms t h e d i c h r o m a t e , 
a n d a s m o r e base is a d d e d , t h e 
c h r o m a t e a p p e a r s . Th i s agrees 
w i t h t h e a s s u m p t i o n t h a t t h e a q . 
soln. con ta ins d ich romic ac id ; a n d 
t h e resu l t was conf i rmed b y t h e 
obse rva t ions of A . K . D a t t a a n d N . R . D h a r w i t h r e spec t t o t h e i ndex of refract ion, 
a n d mol . vol . in soln. ; b y T. Costa , w i t h r e spec t t o t h e b . p . of t h e soln. ; a n d by 
H . C. J o n e s a n d H . P . Basse t t , w i t h respec t t o t h e f.p. of t h e soln. 

M. S. Sherr i l l a t t e m p t e d t o reconcile t h e oppos ing h y p o t h e s i s as t o t h e n a t u r e 
of t h e ions in aq . soln. T h e depress ion of t h e f.p. of dil . soln. of ch romic acid a n d 
p o t a s s i u m d i c h r o m a t e co r responds w i t h t he i r comple t e ion iza t ion i n t o C r 2 O 7 " - , 
a n d II*- or K."-ions, b u t t h e presence of some H C r 0 4 ' - i o n s w a s a s sumed . T h e 
ionizat ion cons tant for 2 H C r O 4 ^ C r 2 O 7 " + 2 H * , was ^ T 1 = [ C r 2 O 7 " 3 / [ H C r O 4

7 P , where 
K1 = 27 w i t h ch romic acid soln. , a n d 61 wi th soln. of p o t a s s i u m d i c h r o m a t e . F r o m 
obse rva t ions w i t h a m m o n i u m c h r o m a t e in dil . soln. in t h e presence of enough 
a m m o n i a t o p r e v e n t hydro lys i s , / r 2 = [ H " ] [ C r 0 4 ' ' ] / [ H C r 0 4 ' ] , where K2^=5-7 X 10 _7 

a t 18° ; a n d from t h e p a r t i t i o n of a m m o n i a b e t w e e n a q . soln. of a m m o n i u m 
c h r o m a t e , a n d chloroform, Z T 2 - 6-2 X \0~7 a t 18°, a n d 7-4 X 1 0 ~7 a t 25°, so 
t h a t t h e s t r e n g t h of chromic acid is a b o u t r ^ t h of t h a t of ace t ic ac id . 
H . T . S. B r i t t o n g a v e 4 4 x 1 O - 7 for t h e second ion iza t ion c o n s t a n t a t 18° ; 
N . R . U h a r gave /T2 = 5 x 1 0 - 8 ; a n d W . 8. H u g h e s , /5T2 = IO-* . W . V. B h a g w a t 
a n d N . R . D h a r s t u d i e d t h e sub jec t . F o r H . Moissan ' s , a n d E . H . Riesenfeld and 
H . E . Wohle r ' s obse rva t i ons on t h e e lectrolysis of soln. of c h r o m i c acid, vide infra, 
p e r c h r o m i c acid . 

A t t e m p t s h a v e been m a d e t o find t h e s t r e n g t h of ch romic ac id re la t ive ly wi th 
those of o t h e r acids . H . S e t t e g a s t showed spec t roscopica l ly t h a t chromic acid 
is d isp laced f rom c h r o m a t e s b y su lphur ic , formic, ace t ic , b u t y r i c , a n d t a r t a r i c acids . 
P . S a b a t i e r showed color imet r ica l ly t h a t su lphur ic , hydroch lor ic , phosphor ic 
H ( H 2 P O 4 ) , a n d t r i ch lo race t i c ac ids comple t e ly displace ch romic acid from 
c h r o m a t e s . W i t h ace t ic ac id a n d t h e t h r e e equa l acidic h y d r o g e n a t o m s of citric 
acid, t h e ac t ion does n o t p roceed q u i t e so far. I t is sti l l less w i th t h e first acidic 
h y d r o g e n of ca rbon ic ac id a n d t h e second acidic h y d r o g e n of phosphor i c acid, whi ls t 
t h e second acidic h y d r o g e n of ca rbon ic ac id , bor ic ac id , a n d t h e t h i r d acidic hydrogen 
of p h o s p h o r i c ac id h a v e v e r y l i t t l e a c t i on a t all . If t h e n o r m a l c h r o m a t e is t r e a t e d 
w i t h a n excess of solid bor ic acid , t h e r e is cons iderab le fo rma t ion of d i ch roma te , 
owing t o t h e p r o d u c t i o n of a n insoluble ac id b o r a t e , t h e p rec ip i t a t ion of which 
t e n d s t o m a k e t h e ac t ion comple t e . F r o m t h e r m a l d a t a : ( K 2 C r O 4 , H C l ) = 2 - 4 CaIs. ; 
a n d ( K 2 C r 2 O 7 ^ H C l ) = — 0 - 2 CaL, M. B e r t h e l o t showed t h a t hydrochlor ic acid 
shou ld c o n v e r t c h r o m a t e s i n t o d i c h r o m a t e s . H e also found (K 2 CrO 4 ,6HySO 4 ) =0*76 
C a L ; (K 2 CrO 4 9 CH 3 COOH) = 1 - 5 C a I s . ; a n d ( K 2 C r 0 4 , C 0 2 ) = —0-4 C a L ; a n d 
a d d e d tha t in soln. of n e u t r a l p o t a s s i u m c h r o m a t e , s t rong ac ids cause t h e to ta l , 
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and weak acids the partial displacement of one of the two potassium-atoms, potas­
sium dichromate being formed at the same time. This displacement is due not so 
much t o the smaller heat of formation of the chromates compared with other acids 
capable of displacing chromic acid, as to the fact that the heat of formation of the 
dichromate is much greater than that of the neutral chromate, and that hence there 
is always a great tendency to the formation of the dichromate. This tendency 
renders the one potassium-atom in the neutral chromate easily replaceable—vide 
infra, the action of acids on potassium chromate. W. V. Bhagwat and N . R. Dhar 
favoured the view that chromic acid exists in soln. as H2CrO4 , and potassium 
dichromate as KHCrO4 . 

E . Spitalsky measured the catalytic effect of soln. of chromic acid on the decom­
position of ethyl diazoacetate by G. Bredig's process. DiL soln. of chromic acid 
contain almost exclusively the dibasic acid H2Cr2O7 , which in a dilution of 500 
litres is dissociated almost completely into H*- and Cr2O7 "-ions. DiI. soln. of 
potassium dichromate contain almost exclusively the ions of the normal salt, 
K2Cr2O7 . In accordance with this view, dil. soln. of potassium chromate, K2CrO4 , 
behave like alkalies to chromic acid, inasmuch as the Cr04"-ions are changed almost 
quantitatively into Cr207"-ions, and the soln. remains neutral. Cone. soln. of 
potassium dichromate are slightly acid, probably owing to slight hydrolysis accord­
ing to the equation : C r 2 0 7 ' ' + H o 0 ^ 2 C r 0 4

/ ' 4 - 2 H * ; the corresponding equilibrium 
constant K1 =[CrO4'']

2[H*]2/[Cr267"] is 5 - 1 x 1 0 - 1 2 . J n a <>1 molar soln. of the 
dichromate, the Cr207"-ions are hydrolyzed to the extent of 0-13 per cent, and in a 
0-017 molar soln. to 0-28 per cent, so that the degree of hydrolysis does not alter 
much with dilution. Besides the hydrolysis, another reaction represented by the 
equation CrO4"-f-H'^HCrO4 ' takes place to some extent in dichromate soln. ; 
the corresponding constant A^—CCrO^'lLH'J/CHCrO^] is 2 -7x lO~7 . There is no 
evidence of the existence in dichromate soln. of complex ions such as Cr3O10". 
J. Sand and K. Kastle showed that the acid resulting from the hydration of 
chromium trioxide is of medium strength, and suggested that in dichromate soln. 
there is the hydrolytic equilibrium : C r 2 0 7 " + H 2 0 ^ 2 C r 0 4 " + 2H', and in that 
case, from observations on a mixture of potassium iodate and iodide, the reaction 
3 C r 2 0 7 " + 5 I ' f-I03 '=^6Cr04 ' ' -h3l2 is accelerated b y H"-ions. The value of 
/£—[Cr04 ' ']2[H*]2 /[Cr207 ' '] calculated from these results is only approximately 
constant, and amounts to about K=I -5 X 1 0 ~ 1 3 at 25° ; and hence it follows that 
0-IiV-K2Cr2O7 is hydrolyzed to the extent of about 0-18 per cent. The deviation 
from constancy is not due to the direct action of dichromate on potassium iodide, 
as the rate of reaction between these substances is much slower than the main 
reaction. The disturbance is probably due to the catalytic effect of some product 
formed during the reaction. 

J. Iiundberg studied the effect of chromate soln. on the hydrolysis of ethyl 
acetate. If the hydrolysis of potassium chromate proceeds : C r O 4 " + H 2 O = H C r O 4 ' 
+ OH', the equilibrium constant A^=[HCr0 4 ' ] [OH'] / [Cr0 4 "] ; and if 2 C r O 4 " + H 2 O 
= C r 0 7

/ / + 2 0 H ' , then / £ 2 ^ [ C r 2 0 7 " K O H ' ] / [ C r 0 4 " ] ; both values were too irregular 
to decide which is correct, but conductivity measurements favour the former, and 
for 0-IiV-K2CrO4, ^ = 1-368X 10~7, and 0-012 per cent, of the salt is hydrolyzed; 
and in a 0I iV-K 2 Cr 2 O 7 , containing chiefly HCr04 '- ions, the salt is hydrolyzed 
to the extent of 0-094 per cent, in accord with HCrO 4 '=H* +CrO 4 " . Unlike 
E . Spitalsky, J. Lundberg assumes that a comparatively large proportion of 
H0rO4 ' - ions is present "in aq. soln. of potassium dichromate. For the observations 
of V. K. Ia Mer and C. L. Read, vide infra, sodium dichromate. 

Observations on soln. of sparingly soluble chromates and dichromates have been 
made. Thus, R. Abegg and R. .J. Cox studied the hydrolysis of mercuric chromate ; 
M. S. Sherrill, silver chromate ; and K. Beck and P. Stegmuller, lead chromate 
From these results M. S. Sherrill calculated [H'XCr0 4"]/[HCr0 4 ' ]=8-4: X 10~7 at 
25° and [HCrO4 ' ]2/[Cr2O7"]=0-013 at 2 5 ° ; and K. Beck and P. Stegmuller, 
[H*][Cr04"]/[HCr04']===5-7 x 10~7 a t 18°, and [HCr0 4 ' ]2 / [Cr 2 0 7 ' ]=2-5 at 18°. 
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T r a n s p o r t e x p e r i m e n t s on p o t a s s i u m c h r o m a t e were m a d e b y J . F . Danie l l 
a n d W . A. Miller, J . W . Hi t tor f , R . Lenz , O. Masson, B . D . Steele, R . B . Denison , 
a n d A . C h a r p e n t i e r ; F . K o h l r a u s c h ca lcu la t ed 72 for t h e transport n u m b e r of 
^ C r O 4 " f rom t h e c o n d u c t i v i t y d a t a of ca lc ium c h r o m a t e ; a n d M. S. Sherr i l l , 76-7 
f rom t h e d a t a of a m m o n i u m c h r o m a t e ; a n d 40 for t h e HCrO 4 / - ion . W . Hi t tor f , 
E . H . Riesenfe ld , a n d A. C h a r p e n t i e r m a d e obse rva t i ons w i t h p o t a s s i u m d i c h r o m a t e ; 
a n d C. W . D . W h e t h a m found t h e ve loc i ty of m i g r a t i o n of t h e Cr 2 O 7 - ion t o be 
0-00047 c m . p e r sec. for a p o t e n t i a l difference of one vo l t ; a n d t h e t r a n s p o r t 
n u m b e r t o be 9 1 . 

F . Morges found t h a t t h e e lectrolys is of a q . soln. of c h r o m i u m t r iox ide furnishes 
o x y g e n a t t h e a n o d e , a n d h y d r o g e n a n d ch romic c h r o m a t e a t t h e c a t h o d e . 
E . H . Riesenfeld found t h a t in su lphu r i c ac id soln . a p e r c h r o m i c acid is fo rmed a t 
t h e c a t h o d e . Accord ing t o E . Liiebreich, t h e t h i n l aye r s of ox ide or h y d r o x i d e on 
t h e c a t h o d e , wh ich g ive rise t o t h e per iodic p h e n o m e n a o b s e r v e d d u r i n g t h e elec­
t ro lys i s of ch romic ac id a r e col loidal i n n a t u r e ; t h e ox ide is d r a w n t o t h e c a t h o d e 
j u s t so long as a n e g a t i v e t ens ion lies on i t . T h e a d d i t i o n of ch lor ides b r ings a b o u t 
a d i s p l a c e m e n t of t w o cu rves w h i c h m a k e u p t h e decompos i t i on v o l t a g e cu rve of 
c h r o m i c acid . Gr. S. F o r b e s a n d P . A . L e i g h t o n s t u d i e d t h e c a t h o d i c r educ t ion of 
ch romic ac id t o a ch romic sal t , a n d f o u n d t h e e lec t rochemica l y ie lds w i t h t h e 
c a t h o d e in l igh t were a b o u t half p e r cen t , g r e a t e r t h a n i n d a r k n e s s . P a r t or all 
t h i s c a n b e a t t r i b u t e d t o local h e a t i n g in t h e t h i n diffusion l aye r a b o v e t h e c a t h o d e . 
T h e absence of a n y inc rease in t h e p h o t o c h e m i c a l y ie ld in l i gh t is c o m p a t i b l e w i t h 
l ight -sens i t ive c h r o m a t e if t h e l a t t e r is equa l l y r e a c t i v e e lec t rochemica l ly before 
a n d af ter exc i t a t i on . G r a n t i n g t h a t t h e s l igh t ly g r e a t e r e l ec t rochemica l efficiency 
in l igh t is in p a r t d u e t o exc i t ed c h r o m a t e , a n y e s t i m a t e of t h e q u a n t u m yield 
r equ i res severa l a s s u m p t i o n s , especia l ly one conce rn ing t h e life of t h e exc i ted 
i nd iv idua l u p o n w h i c h i t s c h a n c e of r e a c h i n g t h e c a t h o d e d e p e n d s . T h e sub jec t 
was i nves t i ga t ed b y E . Mul ler a n d P . E k w a l l , D . T . E w i n g a n d co-workers , a n d 
A. Lo t t e r rnose r a n d H . W a l d e . E . L iebre ich showed t h a t t h e t h i n l aye r s of oxide 
or h y d r o x i d e , fo rmed in t h e c a t h o d e d u r i n g t h e e lect rolysis of soln. of c h r o m i c acid, 
a r e colloidal ; t h e y m a y g ive rise t o colloidal p h e n o m e n a ; a n d t h e a d d i t i o n of 
ch lor ides displaces t h e t w o cu rves wh ich m a k e u p t h e d e c o m p o s i t i o n vo l t age of 
c h r o m i c ac id . Accord ing t o G. P . Vincen t , t h e depola r iz ing ac t ion of a s a t . soln. 
of p o t a s s i u m d i c h r o m a t e on h y d r o g e n l i be r a t ed a t a s m o o t h p l a t i n u m e lec t rode 
c o m m e n c e s on ly w h e n a b o u t 0-28 p e r cen t , b y vo l . of cone , su lphu r i c ac id is p re sen t . 
W i t h a c lean m e r c u r y c a t h o d e , t h e n e u t r a l soln. shows 100 p e r cen t , depo la r i za t ion 
of t h e h y d r o g e n se t free. T h e cor ros ion of z inc , i ron , a n d copper b y sa t . soln. of 
p o t a s s i u m d i c h r o m a t e is p r o d u c e d on ly w h e n t h e soln. is acidified. N o corrosion 
occurs w i t h s a t . soln . of p o t a s s i u m d i c h r o m a t e w h e n c o p p e r is shor t -c i rcu i t ed wi th 
m e r c u r y o r p l a t i n u m ; or w h e n i ron is sho r t - c i r cu i t ed w i t h m e r c u r y . Zinc when 
shor t - c i r cu i t ed w i t h m e r c u r y co r rodes s l ight ly , a n d m o r e r a p i d l y in 0-02 pe r cen t , 
ace t i c ac id soln. t h a n in 0-02 p e r cen t , su lphu r i c ac id soln . 

T h e d a t a of L . Scherbakoff a n d O. E s s i n f avou r t h e v i ew t h a t in t h e electrolysis 
of cone , su lphu r i c ac id soln. of c h r o m i c ac id c h r o m i u m is depos i t ed b y t h e d ischarge 
of c h r o m i c ions , b u t , acco rd ing t o E . Liiebreich, w i t h soln. in di l . ac ids , t h e d a t a for 
c u r r e n t efficiencies f avou r t h e v i ew t h a t t h e m e t a l is depos i t ed b y t h e d ischarge of 
c h r o m o u s ions . S. T a k e g a m i s t u d i e d t h e a n o d i c o x i d a t i o n of ca thod ica l ly r educed 
c h r o m i c ac id . 

W . D . B a n c r o f t m e a s u r e d t h e ox idat ion potent ia l of p o t a s s i u m d i c h r o m a t e a n d 
c h r o m i c ac id r e spec t ive ly a t 16°—18°, a n d in 0-2J\f-soln. w i t h t h e following resu l t s : 
s t a n n o u s ch lor ide a n d p o t a s h - l y e , 1-37, a n d 1-70 v o l t ; s t a n n o u s ch lor ide a n d h y d r o ­
chlor ic acid , 0-57, a n d 0-90 v o l t ; s o d i u m su lph ide , 1-15, a n d 1-49 v o l t ; h y d r o x y l -
a m i n e a n d po t a sh - lye , 1*12, a n d — v o l t ; h y d r o x y l a m i n e a n d hyd roch lo r i c acid, 0-43, 
a n d — v o l t : c h r o m o u s a c e t a t e , 0-70, a n d 1-03 v o l t ; c h r o m o u s a c e t a t e a n d alkal i- lye, 
1-09, a n d j — v o l t ; pyroga l lo l a n d po t a sh - lye , 0-98, a n d 1-32 v o l t ; h y d r o q u i n o n e a n d 
potasl i - rye, 0-83, a n d 1-17 v o l t ; s o d i u m h y p o s u l p h i t e , 0*78, a n d 1-12 v o l t ; sod ium 
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t h i o s u l p h a t e , 0-49, a n d 0-89 v o l t ; s o d i u m su lph i t e , 0-48, a n d 0-81 v o l t ; s o d i u m 
h y d r o s u l p h i t e , 0*40, a n d 0-73 vo l t ; s u l p h u r o u s acid , 0-35, a n d 0-68 vo l t ; s o d i u m 
h y p o p h o s p h i t e , 0-55, a n d 0*88 v o l t ; s o d i u m p h o s p h i t e , 0*47, a n d 0*80 v o l t ; p o t a s s i u m 
a r sen i t e , 0*56, a n d 0*89 v o l t ; p o t a s s i u m fer rous o x a l a t e , 0*78, a n d — volt* p o t a s ­
s i u m fer rocyanide , 0-47, a n d 0*80 vo l t ; p o t a s s i u m fe r rocyan ide a n d p o t a s h - l y e , 0*59, 
a n d 0-93 vol t ; iodine a n d po ta sh - lye , 0-57, a n d 0*91 v o l t ; ferrous s u l p h a t e a n d sul­
phu r i c acid, O-27, a n d O-6O v o l t ; fe r rous s u l p h a t e , O*43, a n d O-76 v o l t ; a n d c u p r o u s 
chloride, 0-50, a n d 0*84 vo l t . B . N e u m a n n m e a s u r e d t h e potent ia l of t h e c h r o m a t e 
e lect rode t o w a r d s a n o r m a l e lec t rode , a n d found for .ZV-K2Cr2O7, O*79 v o l t ; a n d 
for i \ r - H 2 C r 2 0 7 , 1*11 vo l t . I t . IhIe gave for su lphur i c ac id soln. , —1-44 vo l t , a n d for 
a lkal ine "soln., —0*46 vo l t ; W . Hi t tor f , 1-2 vo l t ; a n d F . Cro tog ino , 1-1 t o 1*2 vo l t . 
The sub jec t w a s inves t i ga t ed b y K . F . Ochs . Accord ing t o G. S. F o r b e s a n d 
E . P . B a r t l e t t , ce r t a in r educ ing a g e n t s increase t h e ox ida t i on p o t e n t i a l of d i c h r o m a t e 
ions on p l a t i n u m b y a m o u n t s u p t o 0-2 vol t—e .g . fer rous sa l t s ; a n d , accord ing t o 
L . Lioimaranta , iodides. T h e p h e n o m e n o n w a s discussed b y R . Abegg , a n d R . L u t h e r . 

R . I j u the r emphas i zed t h e fac t b r o u g h t o u t b y t h e o b s e r v a t i o n s of W . D . B a n ­
croft , a n d B . N e u m a n n , t h a t t h e p o t e n t i a l of ch romic acid, a n d d i c h r o m a t e s is 
a u g m e n t e d b y increas ing t he a c i d i t y of t h e soln. Thus , if [H*] d e n o t e s t h e cone , 
of t h e h y d r o g e n ions, t h e n , t h e ox ida t i on po t en t i a l s , E vo l t , referred t o t h e 
h y d r o g e n e lec t rode , a re : 

[ H ] . 1 0 1 0 0 1 O-0O1 0 0 0 0 1 0 0 0 0 0 1 OOOOOOl 
JS . 1-29 1 0 5 0*91 0 - 8 6 0 - 8 1 0 - 7 5 0 - 6 6 

T h e ch romic ox ide-chromic ac id p o t e n t i a l g iven b y H . Abegg a n d co -worke r s 
for C r " + 4 H 2 O + 3 ® ^ H C r O 4 ' + 7 H " is n e a r l y 1-3 vo l t . I n "alkaline soln. , t h e 
p o t e n t i a l referred t o t h e n o r m a l e lec t rode for C r ( 0 H ) 3 B ( > i i c l + 5 0 J I ' + 3 ( + J ^ C r O 4 ' ' 
+ 4 H 2 O , is —0-1 vol t , a n d E . Mullcr g a v e 0-908 for t h e e.m.f. of t h e cell P t I H 2 , 
0 0 1 2 V - K O H 10-012V-KOH, 0 -025K 2 CrO 4 | P t . E . Sp i t a l sky found t h e p o t e n t i a l of 
a d i c h r o m a t e soln. t o be a b o u t 0-85 vo l t in t h e presence of a n H"-ion c o n c e n t r a t i o n 
of I O " 3 t o IO"""4. R . L u t h e r obse rved t h a t t h e ox ida t ion of c h r o m i u m , a n d bi-
a n d t e r - v a l c n t c h r o m i u m t o c h r o m a t e ions y ie ld a n e.m.f. co r r e spond ing w i t h 
0-6 vo l t for Cr inc ,tai—>Cr04 ' ' a g a i n s t a n o r m a l e lec t rode ; 1-1 v o l t for C r " - > C r 0 4 " ; 
a n d 1-5 vo l t for C r " " - ^ C r O 4 " . I n acidic soln. , t h e C r 0 4 " - i o n p l ays on ly a s e c o n d a r y 
p a r t . I n t h e case of H C r 0 4 ' - i o n s , t h e e.m.f. a re 0-4 v o l t for C r m r t a l + 4 I L > 0 
+ 6 © - * H C r 0 4 ' + 7 H " ; 0-9 vo l t for C r " + 4 H 2 0 + 4 © - > H C r 0 4 ' + 7 H ; ' a n d f-3 
v o l t for C r " * + 4 H 2 0 + 3 © - > H C r 0 4 ' + 7 H \ These changes furnish C r m e t a l - > C r " , 0-3 
v o l t ; Crm e t a i-->Cr*", 0-2 v o l t ; C r " ->Cr*" , O-l vo l t . If a n i n t e r m e d i a t e o x i d a t i o n 
c o m p o u n d ex is t s u n d e r t h e cond i t ions of obse rva t ion , t h i s c o m p o u n d is a s t r onge r 
ox id iz ing a g e n t t h a n t h e h ighes t ox ida t ion p r o d u c t , a n d a s t r onge r r educ ing a g e n t 
t h a n t h e lowes t o x i d a t i o n p r o d u c t . 

H . Moissan 8 sa id t h a t a q . soln. of c h r o m i u m t r iox ide a re photosens i t ive , for t h e y 
d e c o m p o s e w i t h t h e evo lu t i on of oxygen , w h e n exposed t o l ight . M. P o n t o n found 
t h a t a l t h o u g h c h r o m a t e s a r e s t a b l e in l ight , t h e y a re r a p i d l y r e d u c e d if o rgan ic 
s u b s t a n c e s be p resen t—e .g . a m m o n i u m or p o t a s s i u m d i c h r o m a t e in c o n t a c t w i t h 
p a p e r . J . M. E d e r obse rved t h a t glue, a l b u m i n , g u m a rab i c , d e x t r i n e , cane - sugar , 
g r ape - suga r , g lycerol , casein, a lcohol , e tc . , a c t in t h i s w a y . E . K o p p sa id t h a t 
c h r o m i c ox ide is fo rmed . T h e r eac t i on w a s obse rved b y W . H . F . T a l b o t , A. P o i t e -
v in , a n d J . C. S c h n a u s s . E . Go ldbe rg sa id t h a t t h e r eac t ion b e t w e e n qu in ine 
a n d c h r o m a t e s is a c t i v a t e d b y l i gh t ; b u t R . L u t h e r a n d G. S. F o r b e s showed t h a t 
t h e p h o t o a c t i v a t i o n of t h e c h r o m a t e is negl igibly sma l l in c o m p a r i s o n w i t h 
t h a t of t h e qu in ine . T h e sub jec t w a s d iscussed b y J . Plotnikoff, H . C. W i n t h e r 
E . J . B o w e n a n d C. W . B u n n , H . Zocher a n d K . Coper, B . ' K . Muker j i a n d 
N . R . D h a r , F . We ige r t , G. S. F o r b e s a n d co-workers , M. Schiel , F . S c h o m m e r 
G. S. F o r b e s a n d P . A . L e i g h t o n , a n d R . E . L iesegang . J . Plotnikoff f o u n d t h a t 
t h e c h r o m a t e of a m m o n i u m , p o t a s s i u m or s o d i u m suffers n o decompos i t i on w h e n 
e x p o s e d t o t h e m o s t i n t ense s u n l i g h t p r o v i d e d subs t ances c a p a b l e of o x i d a t i o n 
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a r e a b s e n t ; if o rgan ic s u b s t a n c e s a re p resen t , r e d u c t i o n occurs even in t h e l igh t 
f rom a n e lec t r ic a rc ; t h e r e d u c t i o n r e su l t s in t h e f o r m a t i o n of a b r o w n p rec ip i t a t e 
or of a g reen soln. acco rd ing t o t h e n a t u r e of t h e o x y g e n a c c e p t o r ; a n d gas m a y 
b e evo lved in some cases—e.g. a m m o n i a f rom a m m o n i u m c h r o m a t e . T h e p h o t o -
sens i t iveness of m i x t u r e s of ge la t ine or g lue a n d c h r o m a t e s is of i n d u s t r i a l i m p o r t ­
a n c e — t h e o rgan ic s u b s t a n c e becomes insoluble a n d t h e c h r o m i u m t r i ox ide is 
r e d u c e d . J . M. Elder showed t h a t in t h i s r e spec t , t h e d i c h r o m a t e s a r e m o r e sens i t ive 
t h a n t h e c h r o m a t e s . A. P o p o v i c k y sugges t ed t h a t t h e s u b s t a n c e o b t a i n e d w h e n 
ge l a t i n t r e a t e d w i t h a d i c h r o m a t e is e x p o s e d t o sun l igh t is t h e c o m p o u n d , 
4Cr 2 O 3 -SCrO 3 ; t h e t a n n i n g ac t i on on ge la t in is a t t r i b u t e d t o t h i s c o m p o u n d . 
J . M. Elder found t h a t t h e ac t ion of l i gh t o n c h r o m a t e d ge la t in begins a t 550/z/x, 
r eaches a m a x i m u m b e t w e e n 470/x/x a n d 430/x/x, a n d becomes v e r y s l ight b e y o n d 
380/u/x. Th i s is in c o n t r a s t w i t h J . P lo tn ikoff ' s r e su l t w i t h collodion sensi t ized 
w i t h p o t a s s i u m d i c h r o m a t e a n d cresyl -b lue in w h i c h t h e a c t i o n w a s found t o 
beg in in t h e yel low a t 595/w/x, a n d r e a c h e d a m a x i m u m in t h e g reen b e t w e e n 540/LC/U, 
a n d 5SOfJLfJL. A p h o t o g r a p h i c r e p r o d u c t i o n process is b a s e d on t h e r eac t ion ; a n d 
c h r o m a t e d a n d i n so l a t ed g lue c a n in some cases b e u sed as a s u b s t i t u t e for wood, 
l ea the r , or cel luloid. Acco rd ing t o T. Swensson , t h e p o t e n t i a l of j3oln. of p o t a s s i u m 
d i c h r o m a t e a g a i n s t a p l a t i n u m e lec t rode , a n d exposed t o t h e u l t r a -v io l e t l igh t of a 
m e r c u r y l a m p , rises r a p i d l y , a n d on r e m o v i n g t h e l ight , i t s lowly falls. T h e s a m e 
re su l t is o b t a i n e d w h e t h e r or n o t t h e p l a t i n u m e lec t rode is i l l u m i n a t e d . A soln. 
w i t h 4 mol s of su lphur i c ac id a n d a mo l of p o t a s s i u m d i c h r o m a t e p e r l i t re , g ives a n 
increase of p o t e n t i a l of 0-2280 v o l t b y i l l u m i n a t i o n . T h e cause of t h e l a rge change 
in p o t e n t i a l is in some w a y d u e t o a m u t u a l a c t i o n of t h e d i c h r o m a t e a n d su lphur i c 
ac id , s ince b o t h p o t a s s i u m d i c h r o m a t e soln. a n d su lphu r i c ac id w h e n s u b m i t t e d 
a lone t o t h e a c t i o n of t h e l ight on ly give a lower ing of t h e p o t e n t i a l , w h e r e a s ch romic 
ac id soln. g ives a s l ight increase . T h e increase of p o t e n t i a l is i n d e p e n d e n t of t h e 
cone , of t h e soln. E . Muller s t u d i e d t h e p o t e n t i a l - c u r r e n t cu rves of 30 p e r cen t , 
soln. of c h r o m i u m t r i ox ide , f rom w h i c h i t is in fe r red t h a t a film of c h r o m i c oxide 
is fo rmed a t c a t h o d e p o t e n t i a l s n o t exceed ing 0-3 vo l t . Th i s film h i n d e r s t h e 
excess of c h r o m i u m ions, b u t is p e r m e a b l e t o h y d r o g e n ions . A t a b o u t —0-7 vol t , 
t h e film beg ins t o b e p e r m e a b l e a n d a n a l m o s t c o n t i n u o u s r e d u c t i o n of s ex iva l en t 
t o t e r v a l e n t c h r o m i u m se ts in ; a n d w i t h stil l m o r e n e g a t i v e va lues , t h e depos i t ion 
of c h r o m i u m begins , a n d t h e film d i s appea r s . I n t h e p resence of SO 4 - , NO 3 - , 
ClO4-, a n d S iF 6 - ions , t h e film is imper fec t a n d m a y be s w e p t a w a y b y t h e gaseous 
h y d r o g e n wh ich is e v o l v e d — h e n c e t h e p resence of s u l p h a t e s f avou r s t h e depos i t ion 
of b r i g h t , c o h e r e n t c h r o m i u m . T h e pe r iod ic p h e n o m e n o n in t h e electrolysis of 
c h r o m i c ac id w a s d iscussed b y J . E . L iebre ich , G. J . S a r g e n t , A . KlefEner, a n d 
K . O y a b u . A . V . PamfilofE d iscussed t h e role of c h r o m a t e s in t h e e lec t roy t ic 
p r o d u c t i o n of c h l o r a t e s ; a n d D . J . M a c N a u g h t a n a n d R . A. E . H a m m o n d , in t h e 
e l ec t rodepos i t i on of n ickel . 

Accord ing t o E . W e d e k i n d a n d C. H o r s t , 9 t h e m a g n e t i c susceptibi l i ty of 
c h r o m i u m t r i o x i d e is 0*75 x 10~° m a s s u n i t s ; K . H o n d a a n d T . Sone gave 0-51 X 1 O - 6 

a t 18°, a n d a t 225°, L . B l a n c , a n d I J . A . WeIo m a d e some o b s e r v a t i o n s on th i s 
sub jec t . P . P a s c a l g a v e —0-5 X 1 O - 5 for t h e m o l . m a g n e t i c suscep t ib i l i ty of 
c h r o m i c ac id . 
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§ 14. The Chemical Properties of Chromium Trioxide 
Accord ing t o J . J . Be rze l iu s , 1 a n d O. TJnverdorben, c h r o m i u m t r i ox ide h a s n o 

smel l ; i t t a s t e s first ac idic , t h e n h a r s h , b u t n o t me ta l l i c ; a n d i t s t a i n s t h e sk in 
y e l l o w — t h e s t a i n is n o t r e m o v e d b y w a t e r b u t i t is r e m o v e d b y a lkal ies . C h r o m i u m 
t r i o x i d e sol id or in aq . soln. , o r in s u l p h u r i c ac id soln. , o r in t h e f o r m of i t s sa l t s , 
is a s t r o n g oxid iz ing a g e n t , a n d is the re fo re r e d u c e d b y m a n y a g e n t s . E . L u d w i g 
o b s e r v e d t h a t h y d r o g e n q u i c k l y r e d u c e s a cone . soln. of c h r o m i u m t r iox ide , b u t 
a c t s on ly s lowly on a di l . soln. W . N . Ipatieff a n d co-workers found t h a t a n acidic 
n e u t r a l or a lka l ine soln. of c h r o m i u m t r i o x i d e a t 280° t o 300° is r e d u c e d b y h y d r o g e n 
u n d e r a press , of 200 a t m . t o f o r m c ry s t a l s of C r 2 O 3 - H 2 O . I n t h e p resence of free 
s u l p h u r i c ac id a t 300° a n d 80 a t m . , sma l l v io le t -g rey c rys ta l s , soluble in ne i t he r ac id 
n o r a lka l i , a r e f o r m e d a n d , i n t h e l a t t e r case , a p p e a r t o h a v e t h e compos i t ion R 2 O . 
2 C r 2 0 3 . 3 S 0 3 . H 2 0 . A t 280° a n d 150 t o 200 a t m . , t h e c o m p o u n d 2 C r 2 0 3 . 3 S 0 3 . 6 H 2 0 
is o b t a i n e d as d a r k g reen , cub ic c rys t a l s . I n t h e p re sence of fer rous o r ferric s u l p h a t e , 
c o m p l e x i s o m o r p h o u s m i x t u r e s c o n t a i n i n g i ron a n d c h r o m i u m a r e o b t a i n e d in t h e 
fo rm of d a r k green , cub ic c ry s t a l s . I r o n p y r i t e s f r e q u e n t l y a c c o m p a n i e s such mix ­
tu res—v ide supra, c h r o m i c o x y h y d r o x i d e . C. Li. R e e s e obse rved t h a t in t h e absence 
of a c a t a l y t i c a g e n t , a soln. of c h r o m i c ac id , a lone or in t h e p resence of 1 t o 15 p e r cen t . 
b y vo l . of s u l p h u r i c ac id , is n o t r e d u c e d b y h y d r o g e n below' 50° ; a n d on ly v e r y slowly 
below 100°. After 116 h r s . ' e x p o s u r e , a t 100°, 70 p e r cen t , of h y d r o g e n is oxid ized ; 
a n d a t 156°, w i t h 7 h r s . ' e x p o s u r e , 11 p e r cen t , of h y d r o g e n is ox id ized a n d m u c h 
o x y g e n is evo lved owing t o t h e decompos i t i on of t h e c h r o m i c acid . T h e o x i d a t i o n 
is n o t d e p e n d e n t on t h e t h e r m a l d e c o m p o s i t i o n of c h r o m i c ac id because i t occurs 
a t a t e m p , be low t h a t a t w h i c h o x y g e n is evo lved . A n a q . soln. of c h r o m i c acid is 
n o t r e d u c e d b y t h e h y d r o g e n evo lved b y pass ing a n e lec t r ic c u r r e n t t h r o u g h t h e 
l iquid , b u t if a t r a c e of s u l p h u r i c ac id or a s u l p h a t e be p r e sen t , r e d u c t i o n occurs 
un t i l a c e r t a i n l imi t is r eached , a n d t h i s is d e p e n d e n t on t h e cone , of t h e acid . 
A. C. C h a p m a n found t h a t ac idic soln. of c h r o m a t e s a re r e d u c e d t o c h r o m i c sa l t s 
b y h y d r o g e n i z e d p a l l a d i u m . J . H a r g r e a v e s a n d T. R o b i n s o n o b s e r v e d t h e r e d u c t i o n 
of c h r o m a t e s t o c h r o m i c ox ide w h e n h e a t e d in h y d r o g e n . Pur i f ied c h r o m i u m 
t r iox ide exposed t o air s lowly b e c o m e s mois t , a n d de l iquescen t . A. Mai l fer t found 
t h a t in t h e p resence of e the r , o z o n e furnishes p e r c h r o m i c ac id ; b u t H . Moissan 
cou ld n o t o b t a i n b lue p e r c h r o m i c ac id b y t h e a c t i o n of ozone on a soln. of ch romic 
ac id . C h r o m i u m t r i o x i d e w a s f o u n d b y H . R o s e t o dissolve in a sma l l p r o p o r t i o n 
of w a t e r f o rming a d a r k r e d d i s h - b r o w n soln. , a n d w i t h a l a rge r p r o p o r t i o n of wa te r , 
t h e co lour is l emon-ye l low. T h e a q . soln. r e d d e n s l i t m u s . F o r t h e so lubi l i ty in 
w a t e r , vide supra. A c c o r d i n g t o M. T r a u b e , in ac idic soln. , c h r o m i u m t r iox ide is 
r e d u c e d b y h y d r o g e n dioxide t o c h r o m i c oxide : 4CrO 3 H-SH 2 O 2 - J -GH 2 SO 4 
= 2 C r 2 ( S 0 4 ) 3 + 7 0 2 + 1 4 H 2 0 . L,. C. A. Bar reswi l o b s e r v e d t h a t a t r a n s i e n t blue 
co lour is p r o d u c e d before t h e evo lu t ion of oxygen begins—vide infra, p e r c h r o m i c 
ac id . T h e r e a c t i o n w a s d iscussed b y A. B a c h , E . Sp i t a l sky , A. v o n K e s s a n d 
E . E . Lede re r , E . S p i t a l s k y a n d !NT. Koboseff, a n d E . PI. Riesenfe ld a n d A. Wesch . 
T h e c a t a l y t i c d e c o m p o s i t i o n of p o t a s s i u m d i c h r o m a t e a n d h y d r o g e n d ioxide b y 
c o b a l t s a l t s is r e p r e s e n t e d : K 2 C r 2 O 7 + H 2 O 2 = 2 K C r O 4 + H 2 O , a n d 2 K C r 0 4 + H 2 0 2 
= K 2 C r 2 O 7 + H 2 O + O 2 . T h e ve loc i ty of t h e r e a c t i o n is p r o m o t e d b y copper , 
m a n g a n e s e , n ickel , a n d c e r i u m sa l t s . I n t h a t case , t h e r eac t i on 2 K C r O 4 + H 2 O 2 
= K 2 C r 2 0 7 + H 2 0 + 0 2 t h e n gives w a y t o t h e r a p i d r e a c t i o n 2 K C r 0 4 + C o C i 2 + 2 H 2 ( 5 
— H 2 C o O 3 + K 2 C r 2 0 7 + 2 H C l , a n d H 2 C o 0 3 + H 2 0 2 + 2 H C l = C o C l 2 + 3 H 2 0 + 0 2 , in 
a g r e e m e n t w i t h t h e o b s e r v a t i o n t h a t a definite H*-ion cone , is necessa ry for t h e 
p r o m o t i o n . T h i s e x p l a n a t i o n agrees w i t h t h e o b s e r v a t i o n t h a t a defini te h y d r o g e n -
ion cone , is necessa ry for t h e p r o m o t i o n . O x i d a t i o n of t h e c o b a l t is i n d i c a t e d b y a 
decrease i n t h e cone , of t h e p e r c h r o m i c ac id in t h e p r o m o t e d reac t ion . The 
coba l t m a y b e i n t h e t e r - o r q u a d r i - v a l e n t s t a t e d u r i n g t h e p r o m o t i o n . The 
c a t a l y t i c decompos i t i on of h y d r o g e n d iox ide b y p o t a s s i u m d i c h r o m a t e was s tud ied 
b y E . S p i t a l s k y a n d N . Kobosef f ; a n d i t s acce le ra t ion b y m a n g a n e s e sa l t s b y 
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A. C. R o b e r t s o n . Accord ing t o E . S p i t a l sky a n d N . Koboseff, d u r i n g t h e ca t a ly s i s 
of h y d r o g e n dioxide b y chromic ac id or b y acidified soln . of p o t a s s i u m d i c h r o m a t e 
t h e conduc t iv i t y a t first decreases s h a r p l y t o a v a l u e w h i c h r e m a i n s a p p r o x i m a t e l y 
c o n s t a n t du r ing the ma jo r p a r t of t h e r eac t i on a n d t h e n r e t u r n s t o i t s in i t i a l v a l u e 
a s t h e reac t ion app roaches comple t ion . These c h a n g e s a r e d u e t o t h e f o r m a t i o n 
a n d decomposi t ion of c a t a l y t i c i n t e r m e d i a t e c o m p o u n d s , a n d a re , a s is t h e ca t a ly s i s 
itself, comple te ly revers ible , so t h a t for e a c h in i t ia l cone , of t h e s u b s t r a t e a def ini te 
va lue is o b t a i n e d for t h e c o n d u c t i v i t y decrease a n d for t h e m i n i m u m c o n d u c t i v i t y . 
T h a t t h e c o n d u c t i v i t y changes afford a para l le l w i t h t h e c o m p l i c a t e d k ine t i c s of 
t he reac t ion in di l . ac id soln. is i nd i ca t ed b y t h e co inc idence of t h e m a x i m a of t h e 
ve loc i ty of ca ta lys i s a n d of t h e ve loc i ty of t h e c o n d u c t i v i t y c h a n g e . F r o m t h e 
decrease of t h e c o n d u c t i v i t y t h e e x t e n t t o wh ich t h e h y d r o g e n ions a r e u s e d u p in 
t h e fo rma t ion of i n t e r m e d i a t e c o m p o u n d s m a y b e c a l c u l a t e d ; t h e flat p o r t i o n of 
t h e ve loc i ty cu rves r ep resen t s t h e comple t e r e m o v a l of t h e h y d r o g e n ions , wh i l s t 
t h e ve loc i ty m a x i m u m expresses the i r l i be ra t ion n e a r t h e e n d of t h e r eac t i on . 
T h e re la t ionsh ips h a v e been d e t e r m i n e d a t c o n s t a n t s u b s t r a t e cone , of t h e r e a c t i o n 
ve loc i ty a n d of t h e conduc t i v i t y decrease w i t h (1) v a r i a t i o n of t h e d i c h r o m a t e cone , 
a t c o n s t a n t acid cone. ; (2) v a r i a t i o n of t h e acid cone, a t c o n s t a n t d i c h r o m a t e cone . ; 
a n d (3) v a r i a t i o n in c o n s t a n t r a t i o of b o t h t h e ac id a n d d i c h r o m a t e cone . I n t h e 
t h i r d case only t h e reac t ion ve loc i ty a n d t h e c o n d u c t i v i t y dec rease a r e inf luenced 
in t h e s a m e m a n n e r b y t h e cone, changes . T h e n a t u r e of t h e c u r v e s o b t a i n e d l e a d s 
t o t h e hypo the s i s t h a t d u r i n g t h e course of t h e r eac t i on t w o i n t e r m e d i a t e c o m p o u n d s , 
M1 a n d M2, a re formed revers ibly , -which requ i re no h y d r o g e n ions for t h e i r fo rma­
t i on a n d possess re la t ive ly smal l affinity c o n s t a n t s , t o g e t h e r w i t h a t h i r d c o m p o u n d 
M3, w h i c h is m u c h m o r e s tab le a n d requ i res h y d r o g e n ions for i t s f o r m a t i o n . F r o m 
t h e in i t ia l ac id a n d d i c h r o m a t e c o n c e n t r a t i o n s a n d t h e decrease of h y d r o g e n - i o n 
cone , d u r i n g t h e ca ta lys i s t h e m o s t p r o b a b l e n a t u r e of t h e m o r e s t ab l e c o m p o u n d 
M3 is g iven b y t h e e q u a t i o n : 2 C r 2 O 7 " + 2 H 2 O 2 + K + H = K H 6 C r 4 O 1 8 " , t h e 
affinity c o n s t a n t of t h e r eac t ion be ing 10 1 3 . T h e ve loc i ty c o n s t a n t s Jc1 = 4 2 , a n d 
&2—5*6. O n t h e flat po r t i on of t h e ve loc i ty cu rve , where , a t h i g h c o n c e n t r a t i o n s 
of h y d r o g e n perox ide , t h e m o r e s tab le a d d i t i v e c o m p o u n d M3 is b u t l i t t l e d is ­
soc ia ted , t h e ca ta lys i s is effected s imu l t aneous ly b y t w o i n t e r m e d i a t e c o m p o u n d s , 
v iz . , M3 a n d t h e c o m p o u n d JIf1, which is t h e a c t i v e a g e n t in t h e ca t a lys i s in n e u t r a l 
so ln . T o w a r d s t h e e n d of t h e reac t ion , as t h e h y d r o g e n pe rox ide cone , becomes 
v e r y smal l , M3 decomposes a n d releases t h e h y d r o g e n ions ; v e r y ac t i ve b u t sho r t ­
l ived i n t e r m e d i a t e c o m p o u n d s a re t h e n formed, a n d a c c o u n t for t h e s h a r p m a x i m u m 
in t h e r e a c t i o n ve loc i ty . F r o m t h e affinity c o n s t a n t s of M1 a n d M3, b ea r i ng in 
m i n d t h e poss ible ex i s tence of a n o t h e r s u b s t a n c e ilf 2 , t h e r e a c t i o n ve loc i ty cu rves 
ag ree fair ly well w i t h p a r t of t h e e x p e r i m e n t a l cu rves . 

Acco rd ing t o H . Moissan , 2 c h r o m i u m t r iox ide does n o t r e a c t w i t h chlor ine free 
f r o m h y d r o g e n ch lor ide ; a n d K . H . B u t l e r a n d D . M c i n t o s h obse rved t h a t t h e 
t r i o x i d e is inso luble in l iqu id chlor ine , a n d h a s n o effect on t h e b . p . of t h e l iqu id . 
A c c o r d i n g t o A . Michael a n d A. M u r p h y , a soln. of chlor ine in c a r b o n t e t r a c h l o r i d e 
i n a sea led t u b e a t 175° forms c h r o m y l a n d c a r b o n y l chlor ides . H . Moissan 
o b s e r v e d t h a t b r o m i n e h a s n o a c t i o n o n t h e t r i ox ide . I . WaIz f o u n d t h a t a cone , 
so ln . of c h r o m i u m t r iox ide , w h e n p o u r e d on iodine* r a p i d l y t u r n s b l a c k a n d a s s u m e s 
a s y r u p y cons i s t ency , a n d t h e l iqu id t h u s fo rmed does n o t r e s p o n d t o t h e t e s t s for 
free iod ic o r h y d r i o d i c ac id ; c h r o m i u m h y p o i o d i t e m a y b e formed. A m i x t u r e 
of s u l p h u r i c a c id a n d c h r o m i u m t r i o x i d e oxidizes iod ine t o iodic ac id . O. Ruff a n d 
H . K r u g f o u n d t h a t t h e t r i o x i d e is v igo rous ly a t t a c k e d b y ch lor ine trifiuoride. 
L . H e n r y s h o w e d t h a t h y d r o g e n chlor ide f o rms c h r o m y l ch lor ide : C r 0 3 - | - 2 H C 1 
= 0 r 0 2 C l 2 + H 2 0 . T h e w a t e r so f o r m e d r e a c t s w i t h t h e c h r o m y l ch lor ide p r o d u c i n g 
a d a r k oi ly l iqu id . W . A u t e n r i e t h a d d e d t h a t t h e r eac t i on w i t h d r y h y d r o g e n ch lor ide 
i s v i g o r o u s a n d c h r o m y l ch lor ide is fo rmed ; w i t h 35 t o 40 pe r cen t , hydrochlor ic ac id , 
3 5 per c e n t , of t h e ac id f o r m s c h r o m y l ch lor ide : C r O 3 + 2 H O l = C r O 2 C l 2 + H 2 O ; w i t h 
2 0 p e r c e n t , h y d r o c h l o r i c ac id , ch lor ine , a s well as c h r o m y l ch lor ide , is p r o d u c e d : 
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2 C r 0 3 + 1 2 H C l = 2 C r C l 8 + 3 C l 2 + 6 H 2 0 . F . P e n n y sa id t h a t w i t h boi l ing hydroch lor ic 
ac id ch romic chlor ide a n d ch lor ine a r e formed. J . W . T h o m a s found t h a t h y d r o g e n 
chlor ide r educes c h r o m a t e s a n d d i c h r o m a t e s . R . J . Meyer a n d H . Bes t ob t a ined 
c h r o m y l chlor ide b y t h e ac t ion of 
h y d r o g e n chlor ide on a n ace t ic 
ac id soln. of c h r o m i u m t r iox ide . 
H . Moissan found t h a t d r y h y d r o ­
g e n bromide does n o t a c t o n 
c h r o m i u m t r iox ide ; "while, accord­
ing t o F . P e n n y , boi l ing h y d r o -
bromic acid y ie lds b r o m i n e . 
M. B o b t e l s k y a n d A. R o s e n b e r g 
found t h a t t h e ve loc i ty m e a s u r e ­
m e n t s agreed w i t h t h e t y p i c a l 
fo rmula for a r eac t ion of t h e second 
o rde r ; a n d t h e effects of sa l t s on 
t h e speed of t h e r eac t ion a r e s u m ­
m a r i z e d in F i g . 27. T h e ac t i on of 
t h e sa l t s decreases in t h e o rde r : 
N i C l 2 > M g C l 2 > F e C l 3 > H C l > A l C l 3 

> CrCl3 ; a n d H g C l 2 > CdCl 2 
> ZnCl 2 , where t h e ac t ion of t h e 
mercur i c chlor ide is ca t a ly t i c , a n d 
zinc chlor ide e x e r t s a n e u t r a l s a l t 
effect. T h e sub jec t w a s also dis­
cussed b y M. B o b t e l s k y , a n d b y 
M. B o b t e l s k y a n d D . K a p l a n . 
L . LI. de K o n i n c k no t i ced t h a t 
w h e n p o t a s s i u m b r o m i d e is m e l t e d wi th a c h r o m a t e , b r o m i n e is l ibe ra ted . 

H . Moissan found t h a t d r y hydrogen iodide h a s n o ac t ion on c h r o m i u m t r iox ide ; 
a n d F . P e n n y , C. F . Mohr , E . D o n a t h , a n d M. M. R i c h t e r obse rved t h a t w i t h boil ing 
hydriodic acid, a n d iodides, iodine is se t free. Accord ing t o W . Os twa ld , t h e 
r eac t ion 2 C r 0 3 + 6 H I = 2 C r ( O H ) 3 + 3 I 2 is acce le ra ted b y t h e p resence of free acids 
p ropo r t i ona l l y w i t h t h e affinity c o n s t a n t s of t h e ac ids . R . E . de L u r y found t h a t 
t h e ve loc i ty of ox ida t i on of p o t a s s i u m iodide b y p o t a s s i u m d i c h r o m a t e is p ropor ­
t iona l t o t h e cone , of t h e d i c h r o m a t e , a n d t o t h e s q u a r e of t h e cone, of t h e acid 
employed . T h e t e m p , coeff. of t h e r eac t ion is a b o u t 1-4. T h e presence of ferric 
sa l t s s t rong ly acce le ra tes t h e r eac t ion . T h e t h e o r y of R . L u t h e r a n d co-workers is 
t h a t t h e i n d u c t i o n of t h e r eac t ion b e t w e e n ch romic ac id a n d iodides b y ferrous 
sa l t s is d u e t o t h e f o r m a t i o n of q u i n q u e v a l e n t c h r o m i u m b y t h e r eac t ion be tween 
ferrous ions a n d sex iva len t c h r o m i u m ions , t h e s e t h e n oxidiz ing o t h e r ferrous ions 
a n d also iodide ions . Accord ing t o C. W a g n e r a n d W . Preiss , t h e equ i l ib r ium 
Q r v r _ | _ ^ e i i ^ c r v _ j _ F e i i i ^3 es tab l i shed v e r y r ap id ly , a n d C. C. Benson , h a v i n g 
s h o w n t h a t t h e o x i d a t i o n of ferrous sa l t s b y ch romic ac id is p ropo r t i ona l t o t h e 
s q u a r e of t h e cone , of t h e ferrous sal t , sa id t h a t t h e r eac t ion b e t w e e n Cr v - ions a n d 
Fe*'-ions c a n p r i m a r i l y invo lve on ly one of t h e l a t t e r , s o m e w h a t as follows : 
C r v + 2 F e I I - > C r I I I - f - 2 F e 1 1 1 . T h e r eac t ion w i t h t h e iodide ion also proceeds in t w o 
s tages w i t h h y p o i o d o u s ac id a s a n i n t e r m e d i a t e p r o d u c t : C r v + I I + HO I —>Cr I J I 

+ H I O ; a n d H I O + H * + F - ^ I 2 + H 2 O . T h e va lues of t h e ve loc i ty c o s n t a n t s 
i nd ica t e t h a t t h e r e is a side r eac t i on involv ing t h e sp l i t t ing u p of some Cr v - ions 
poss ib ly i n t o Cr111- a n d Cr V I - ions . T h e r eac t ion w a s also s t ud i ed b y K . Seuber t 
a n d J . Cars tens , K . S e u b e r t a n d A. H e n k e , C. W a g n e r a n d W . Preiss , P . A. Meer-
burg , R . H . Clark , W . M a n c h o t a n d R . K r a u s , R . F . B e a r d a n d N . W . Taylor , 
W . Pre iss , A . Schttkareff, C. C. Benson , J . M. Bell , W . C. B r a y , R . A. Gor tner , 
R . L u t h e r a n d T. F . R u t t e r , M. H . Go lb lum a n d L.. Lew, M. Bobte l sky , a n d 
N . A. OrlofE. W . B . Morehouse found t h e X - r a y abso rp t ion of aq . soln. is g rea te r 

O /O ZO 30 4O SO 60 
TYme i/r /??//7£s£es 

F i a . 2 7 . — T h e Effect of Salts on the React ion : 
6 H B r + 2 C r 0 3 - C r 2 0 8 + 3 H 2 0 + 3Br 2 . 
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b y 0 2 5 pe r cent , af ter t h a n before t h e r e a c t i o n : K 2 C r 2 O 7 + 1 2 K I + 14HCl== 8 K C l 
+ 2 C r C l 3 + 3 I 2 + 6 K I + 7 H 2 0 . N . SchilofT s t u d i e d t h e c a t a l y t i c a c t i o n of c h r o m a t e 
ions on t h e react ion b e t w e e n p o t a s s i u m b r o m a t e a n d p o t a s s i u m iod ide . N . R . D h a r 
showed t h a t t h e speed of t h e r eac t ion b e t w e e n ch romic ac id a n d p o t a s s i u m iod ide 
is increased in sunl igh t ; a n d S. S. B h a t n a g a r a n d co-workers , t h a t i t is a cce l e r a t ed 
b y a magne t i c field. F . E . E . Ge r r aann a n d D . K . S h e n s t u d i e d t h e a c t i o n of 
chromic acid on silver iodide p h o t o g r a p h i c p la tes . 

H . Moissan 3 found t h a t w h e n c h r o m i u m t r iox ide is h e a t e d w i t h su lphur , t h e 
m i x t u r e inflames, forming s u l p h u r oxides a n d c h r o m i u m su lph ide , K . B r u c k n e r 
said t h a t ch romic oxide a n d a l i t t le su lph ide a r e formed. J . B . S e n d e r e n s o b s e r v e d 
t h a t w h e n t h e m i x t u r e is t r i t u r a t e d in t h e cold, s u l p h u r d iox ide a n d a b r o w n m u s h 
of ch romic c h r o m a t e a n d s u l p h a t e a r e formed—if w a t e r be p r e sen t , t h e r e a c t i o n does 
n o t occur in t h e cold. Accord ing t o O. H a r t e n , w h e n h y d r o g e n sulphide is p a s s e d 
over h e a t e d c h r o m i u m t r iox ide , decompos i t ion occurs w i t h i ncandescence : 2 C r O 3 
- + - 6 H 2 S = C r 2 S 3 + 6 H 2 O + 3 S . H . B . Dunnicliff a n d C. L . Soni s t u d i e d t h e 
m e c h a n i s m of t h e reac t ion , which t h e y r ep re sen ted : 2 H 2 C r 0 4 - | - 3 H 2 S = 2 C r ( O H ) 3 
+ 2 H 2 O +-3S. H . Hose foi.nd t h a t a n aq . soln. of ch romic ac id r e a c t s w i t h h y d r o g e n 
su lph ide forming wate r , su lphur , a n d h y d r a t e d ch romic ox ide ; a q . soln. of 
c h r o m a t e s mixed wi th ac id become green w h e n t r e a t e d w i t h h y d r o g e n su lph ide , 
a n d s u l p h u r is p rec ip i t a ted ; h o t soln. a re r a p i d l y d e c o m p o s e d fo rming su lphu r i c 
acid . M. T r a u b e found t h a t d r y sulphur dioxide does n o t r e a c t w i t h d r y c h r o m i u m 
t r iox ide a t 100°, a n d a t 180°, su lphu r t r i ox ide a n d ch romic c h r o m a t e a re s lowly 
formed. P . Ber th ie r said t h a t aq . soln. of p o t a s s i u m d ichrorna te a n d c h r o m a t e a re 
c h a n g e d r ap id ly in to a m i x t u r e of s u l p h a t e a n d d i t h i o n a t e ; w i t h t h e c h r o m a t e soln. , 
b r o w n c h r o m i u m hyd rox ide is first formed a n d t h e n dissolved a s m o r e s u l p h u r 
d iox ide is passed in to t he soln. According t o H . Basse t t , w h e n p o t a s s i u m d i c h r o m a t e , 
p o t a s s i u m c h r o m a t e , or ch romic acid is r e d u c e d b y s u l p h u r o u s acid , 94 t o 95 p e r 
c e n t , of s u l p h a t e is formed toge the r wi th 5 to 6 per cent , of d i t h i o n a t e , t h e a m o u n t 
of t h e l a t t e r p r o d u c e d be ing i n d e p e n d e n t of t h e t e m p . T h e freshly r e d u c e d soln . 
d o n o t g ive t h e reac t ions of c h r o m i u m or of S0 4 - ions , a n d a p p e a r t o c o n t a i n a 
c o m p o u n d (KSO 4 )Cr 2 (SO 4 J 2 (KSO 3 ) , or t h e co r re spond ing acid, wh ich s lowly 
decomposes i n t o chromic su lpha t e a n d p o t a s s i u m su lph i te . Tf su lphu r i c acid or 
p o t a s s i u m s u l p h a t e is a d d e d t o these soln., t h e reac t ions of S O 4 a r e n o t g iven b y 
t h e r e su l t ing m i x t u r e . I t seems possible t h a t one mol of c h r o m i u m s u l p h a t e m a y 
m a s k t h e reac t ion of as m a n y as six mols of su lphur ic acid . A. S k r a b a l said t h a t 
if c h r o m i c acid be r ap id ly r educed b y s u l p h u r d ioxide a n uns t ab l e , green ch romic 
s a l t is fo rmed ; a n d if slowly r educed w i t h a feebly acid soln., a v io le t 
c h r o m i c sa l t is formed. H . Rose found t h a t cone, su lphuric ac id dissolves 
c h r o m i u m t r iox ide forming, in t h e cold, a brownish-yel low soln. which g r a d u a l l y 
depos i t s c rys t a l s of c h r o m i u m t r iox ide ; if t h e soln. is h e a t e d t o t h e e v a p o r a t i o n 
t e m p , of su lphur i c acid, oxygen is evolved a n d chromic c h r o m a t e a n d s u l p h a t e a re 
fo rmed . A . W e s c h obse rved t h a t w h e n w a r m e d w i t h su lphur ic acid , c h r o m i u m 
t r i ox ide is decomposed m o r e t u r b u l e n t l y t h a n p o t a s s i u m d i c h r o m a t e — o x y g e n is 
evo lved b u t n o ozone. C. Wel tz ien , a n d C. T . K i n g z e t t obse rved t h a t w h e n cone , 
s u l p h u r i c ac id a n d p o t a s s i u m d i c h r o m a t e a r e h e a t e d toge the r , ozonized oxygen 
is evo lved ; J . C. G. de Mar ignac den ied t h i s . L . I . de N . I lo sva a t t r i b u t e d t h e 
r e a c t i o n t o t h e p resence of ch lor ine , n o t ozone, b u t H . K r a u s found t h a t w h e n 
p o w d e r e d p o t a s s i u m d i c h r o m a t e , free f rom chlor ine is t r i t u r a t e d w i t h cone , sul­
p h u r i c ac id , ozone is fo rmed. O. B r u n c k also obse rved a f o r m a t i o n of ozone . 
A . W . R a k o w s k y a n d D . N . Tarassenkoff m e a s u r e d t h e so lub i l i ty of c h r o m i u m 
t r i o x i d e i n su lphu r i c ac id b e t w e e n 0° a n d 100°, a n d t h e y sa id t h a t t h e s m o o t h cu rves 
w i t h h i g h c o n c e n t r a t i o n s of s u l p h u r t r i ox ide sugges t t h e ex is tence of on ly one solid 
p h a s e . A . S c h r o t t e r , a n d P . A . Bo l l ey o b s e r v e d t h e so lubi l i ty of c h r o m i u m t r i o x i d e 
ra s u l p h u r i c ac id r e spec t ive ly of sp . gr . 1-660 a n d 84-5 p e r cen t . ; a n d J . F r i t z s c h e 
f o u n d i t t o be v e r y so luble in su lphur i c ac id of s p . gr . 1-85. IL. JF. Gi lbe r t a n d 
co -worke r s found t h e so lub i l i ty expressed in m o l a r pe rcen t ages a t 25° t o be : 
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S O 3 

C r O 3 

O 
2 5 - 7 8 

1 - 4 7 
2 1 1 0 

1 6 - 4 1 
1 1 1 

3 2 0 4 
1 - 6 2 

3 3 1 7 
1 - 5 8 

3 7 - 7 9 
0 - 4 3 

3 8 - 9 7 
0 - 3 6 

4 5 - 8 0 
0 - 4 4 

5 8 - 9 4 
0 - 8 8 

So l id p h a s e CrO 8 C r 0 3 . S 0 3 C r 0 3 . S O a . H 2 0 

The resu l t s a re p l o t t e d in F ig . 75, in connect ion w i t h ch romyl su lpha t e . The 
solubili t ies a t 45° a re : 
S O 3 

C r O 3 

5 - 2 5 
1 3 - 7 9 

1 6 - 7 3 
1 O O 

2 2 0 1 
0 1 7 

3 1 - O S 
1 1 6 

3 3 - 5 5 
1*15 

3 4 - 6 7 
1 - 1 1 

3 7 0 7 
0 - 6 3 

4 2 - 2 6 
0 - 3 8 

So l id p h a s e CrOo C r O 3 S O 3 

4 5 - 6 7 
0 - 3 0 

C r 0 3 S O s . I T 2 0 

T h e resul t s of A. W . R a k o w s k y a n d D . N". TarassenkofE be tween 0° a n d 100°, a re 
p l o t t e d in F ig . 28 . The h y d r a t e SO 3 . 2H 2 O forms m e t a s t a b l e mixed crys ta ls w i th 
c h r o m i u m t r iox ide . J . F r i t z sch said 
t h a t t h e t r iox ide is s l ight ly soluble in a 
soln. of potass ium hydrosulphate. Ac­
cording t o O. Brunck , c h r o m i u m t r i ­
oxide a n d c h r o m a t e s are immed ia t e ly 
reduced by sodium hyposulphite at 
ord ina ry t e m p , forming chromic oxide 
or chromic sal ts . A . Longi a n d L. Bo-
n a v i a observed t h a t in t h e reac t ion be­
tween c h r o m i u m t r iox ide a n d th iosul -
phates , W . Diehl ' s e q u a t i o n : 4 K 2 C r 2 O 7 
+ 3 N a 9 S 2 O 3 + 1 3 H 2 S O 4 = 3 N a 2 S O 4 
+ 4 C r 2 ( S O 4 ) S + 4 K 2 S O 4 - M 3 H 2 O is n o t 
correct . On a d d i n g a minera l acid a n d 
po ta s s ium d i ch roma te t o a dil. soln. of 
sod ium th iosu lpha te , A. Liongi found 
t h a t t h e reac t ion : 2 H 2 C r O 4 + 6 H 2 S 2 O 3 
= 3 H 2 S 4 0 6 + 2 C r ( O H ) 3 + 2 H 2 0 , occurs ; 
s imul taneous ly formed in accordance w i t h 
+ 1 4 H 2 C r 0 4 + 1 6 H 2 0 = 1 2 H 2 S 0 4 + 7 C r 2 ( O H ) 6 . 

$$Cr0j 

F i a . 2 8 . T h e T e r n a r y S y s t e m : 
C r O 3 - S O 8 - H 2 O b e t w e e n ' 0 0 a n d 100° 

smal l quan t i t i e s of su lphur ic acid are 
t h e secondary reac t ion : 3 H 2 S 4 O 6 
H y d r o g e n su lphide is also pro­

duced, a n d b o t h sod ium th io su lpha t e a n d t e t r a t h i o n i c acid give th i s gas w h e n small 
quan t i t i e s of a n acid or a chromic sa l t a re a d d e d t o the i r soln. ; more hydrogen 
sulphide is ob t a ined a t h igh t h a n a t low t e m p . , a n d t e t r a t h i o n i c ac id is more s table 
t h a n t h e th iosu lpha te , for sod ium th io su lpha t e gives h y d r o g e n sulphide when 
t r e a t e d w i t h hyd rogen dioxide or acet ic acid, or when ca rbon dioxide is passed 
t h r o u g h i t s h o t soln. T h e reac t ion was s tud ied by F . J . F a k t o r ; a n d G. Powarn in 
a n d M. Chi t r in showed t h a t in cone, soln., t h e ox ida t ion proceeds mos t readi ly in 
t h e absence of a n excess of acid— i .e . n o more t h a n 8H* per 2Cr. No more t h a n 
4-2 mols of t h io su lpha t e pe r mol of p o t a s s i u m d i c h r o m a t e t a k e p a r t in t h e first s tage 
of t h e reac t ion ; t h e p r o p o r t i o n of su lphu r s epa ra t ed increases wi th t h e cone, of 
t h e H"-ions ; in n e u t r a l soln. no s u l p h u r is formed a n d t h e reac t ion proceeds : 
2 C r 2 0 7 ' ' + S 2 0 3 ' ' = C r 0 4 ' ' + 2 S 0 3 ' ' + 3 C r 0 2 . W h e n t h e p ropor t ion of H ' - ions is 
ra ised f rom 8 t o 14 per 2Cr, t h e a m o u n t of t h io su lpha t e which undergoes change 
is a l te red , a n d m o r e su lphu r is s epa ra t ed . This indica tes t h a t when the cone, of 
t h e H*-ions is low, t e t r a t h i o n a t e is formed, a n d t he t e t r a t h i o n a t e is decomposed 
w h e n t h e cone, of t h e H*-ions is high. H . Moissan observed t h a t se len ium reac ts 
v io len t ly wi th t h e t r iox ide . 

H . Moissan 4 sa id t h a t n i trogen has no ac t ion on c h r o m i u m tr ioxide . O. Unver-
dorben , a n d R . B o t t g e r showed t h a t a m m o n i a gas decomposes t h e d r y tr ioxide with 
incandescence a t o rd ina ry t e m p , forming chromic oxide. M. Ber the lo t examined 
t h e h e a t of t h e reac t ion . E . C. F r a n k l i n said t h a t t h e t r iox ide is sl ightly soluble 
in l iquid a m m o n i a . According t o A. Rosenhe im a n d F . Jacobsohn , liquid 
a m m o n i a ac t s on c h r o m i u m t r iox ide in a sealed t u b e a t o rd inary t e m p , forming a 
b r o w n complex -ch romium t r i ammino t r iox ide , CrO 3 .3NH 3 , or more p robab ly 
a m m o n i u m imidochrorna te , N H : CrO(O.NH 4 ) 2 —vide amido compounds , 8. 49, 2 1 . 
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F o r t h e ac t ion of aq . a m m o n i a , vide t h e a m m o n i u m c h r o m a t e s . F . E p h r a i m 
obse rved t h a t t h e t r ioxide reac t s v igorous ly w h e n t r i t u r a t e d w i t h s o d i u m amide-
T. Cur t ius a n d F . Schrader observed t h a t hydrazine is d e c o m p o s e d explos ive ly b y 
c h r o m a t e s ; U . R o b e r t s a n d F . Ronca l i sa id t h a t 2 mols of p o t a s s i u m d i c h r o m a t e 
deve lop 3 mols of n i t rogen , while K . S e u b e r t a n d J . Ca r s t ens r e p r e s e n t e d t h e r eac ­
t ion : H 2 C r 2 0 7 + N 2 H 4 = 2 C r 0 2 + 3 H 2 0 + N 2 — c h r o m i u m d iox ide is fo rmed as a n 
i n t e rmed ia t e p r o d u c t . E . J . Cuy a n d W . C. B r a y r e p r e s e n t e d t h e r e a c t i o n w i t h 
hydraz ine in acidic soln. b y 3 N 2 H 5 ' + 2 C r 2 0 7 " + 1 3 H - = 3 N 2 + 4 C r " + 1 4 H 2 O . 
E . Schweizer r ep resen ted t h e reac t ion in a q . soln. w i t h nitric ox ide b y : 2 K 2 C r 2 O 7 
- f - 2 N O = = 2 K N 0 3 + K 2 C r 0 4 + C r 2 0 3 . C r 0 3 . The r eac t ion w a s also s t u d i e d b y 
H . Reinsch, a n d C. W . E l io t a n d F . H . S torer . P . Grouvel le , a n d F . W o h l e r found 
t h a t n i trous acid reduces c h r o m i u m t r iox ide in aq . soln. H . R o s e sa id t h a t n i tr ic 
acid does n o t change t h e chromic acid of t h e c h r o m a t e s , b u t in cone . soln. r e d 
fuming n i t r ic ac id reduces chromic acid t o ch romic ox ide a n d b r o w n c h r o m i c 
c h r o m a t e . E . Ze t tnow sa id t h a t ch romic acid is insoluble in n i t r i c ac id of g r e a t e r 
sp . gr . t h a n 1-46 ; a n d R . Bunsen , in fuming n i t r i c ac id c o n t a i n i n g n o n i t r o u s 
oxides . 8. A. Mumford a n d L. F . Gi lber t found t h a t t h e solubi l i t ies of c h r o m i c 
acid in n i t r ic ac id of different c o n e , w h e n compos i t ions a r e expressed in g r a m s pe r 
ICK) g rms . of soln., a re , a t 25°, 
H]STOa . O 2-28 5-95 13-25 35-35 5 9 1 1 74-47 82-9O 91-36 
CrO3 . 02-85 60-31 56-47 4 8 1 0 25-54 4-88 0-27 0-06 8-29 
t h e r e is a m i n i m u m a t 0-06 pe r cen t . CrO 3 . A t 45°, t h e r e is a m i n i m u m w i t h 
0-44 per cent . CrO 3 : 
H N O 3 . O 2 0 5 5-58 19-53 50-69 73-81 81-55 91-83 9 8 0 6 
CrO3 . 53-51 61-27 57-93 43-41 1 3 1 5 0-88 0-44 3-39 9-42 
T h e m i n i m u m solubi l i ty occurs w i t h n i t r ic ac id a p p r o x i m a t i n g 182V-HNO3 , or 
HNO3.H2O. The curves a re s imple a n d con t inuous . T h e sp . gr . of t h e m i x e d soln. 
a re only a p p r o x i m a t e l y add i t ive . H . Moissan observed t h a t phosphorus r e a c t s ex ­
plosively w i t h mo l t en c h r o m i u m t r iox ide ; a n d A. O p p e n h e i m found t h a t a n a q . 
soln. of chromic acid a t 200° is r educed b y red p h o s p h o r u s t o ch romic c h r o m a t e . 
Accord ing t o J . J acobson , phosphorus dissolves in a soln. of ch romic ac id t o fo rm 
chromic p h o s p h a t e . E . K o p p observed t h a t a soln. of p o t a s s i u m d i c h r o m a t e w h e n 
h e a t e d , or exposed t o sunl ight , is r educed b y p h o s p h o r u s . Obse rva t i ons on th i s 
s u b j e c t were m a d e b y A. St iassny, a n d J . W . Sla ter—vide p h o s p h o r u s . Accord ing t o 
G. Viard , t h e r a t e of t he reac t ion be tween chromic acid a n d phosphorous acid c an 
b e r ep re sen t ed b y dx/dt—k(a—^)4. T h e ini t ial ve loc i ty var ies accord ing t o a 1-4 
p o w e r of t h e concen t r a t i on . S. S. B h a t n a g a r a n d co-workers found t h a t t h e 
r e d u c t i o n w i t h p h o s p h o r o u s acid is acce le ra ted b y a m a g n e t i c field. A. D . Mitchel l 
r ep re sen ted t h e reac t ion w i t h hypophosphorous acid (q.v.) : H 3 P O 2 + C r 2 O 7 ^ = H 3 P O 3 
+ C r 2 O 6 " ; followed b y 2 H 3 P O 2 + C r 2 O 6 " + 8 H ' = 2 H 8 P O 3 + 2 C r ' + 4 H 2 O . Videinfra, 
for t h e p h o s p h o c h r o m a t e s formed b y condensa t ion w i t h phosphoric acid. H . SchifE 
r e p r e s e n t e d t h e r eac t ion w i t h phosphorus pentachloride b y C r O 3 + P C l 5 = C r O 2 C l 2 
+ P O C l 3 , a n d b y a s e c o n d a r y reac t ion , ch romic chlor ide is fo rmed . P . W a l d e n 
s h o w e d t h a t c h r o m i u m t r iox ide is v i r t u a l l y insoluble in phosphoryl chloride. 
H . Moissan found t h a t arsenic r e ac t s w i t h c h r o m i u m t r iox ide w i t h incandescence 
fo rming a r sen ide . Accord ing t o C. Re i cha rd , a n aq . soln. of c h r o m i u m t r iox ide is 
r e d u c e d b y arsenic trioxide ; a n d t h e r eac t ion was s tud i ed b y R . E . de L u r y , a n d 
W . L . Miller. A. S k r a b a l showed t h a t if t h e r eac t ion proceeds slowly, v io le t ch romic 
s a l t is fo rmed , a n d if r ap id ly , a green sa l t—vide 9. 5 1 , 22, for t he a rsenic c h r o m a t e s 
f o r m e d b y c o n d e n s a t i o n w i t h arsenic ac id . 

M. B e r t h e l o t 5 f ound t h a t w h e n h e a t e d w i t h cone, chromic acid, carbon furnishes 
c a r b o n d i o x i d e a n d oxa l ic ac id . E . B . Alekseevsky a n d A. P . M u s a k i n s t u d i e d 
a d s o r p t i o n of c h r o m i c ac id b y cha rcoa l . J . H a r g r e a v e s a n d T. R o b i n s o n n o t e d t h a t 
a l ka l i c h r o m a t e s a r e r e d u c e d t o c h r o m i c ox ide b y carbon m o n o x i d e , a n d a n a lka l i 
c a r b o n a t e is f o r m e d . B . N e u m a n n a n d C. E x s s n e r s t u d i e d t h e convers ion of soln. 
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of s o d i u m c h r o m a t e t o d i c h r o m a t e b y carbon dioxide u n d e r p ress . H . E . A r m s t r o n g 
o b s e r v e d t h a t w i t h carbon disulpnide a t 180°, a l i t t l e c a r b o n y l su lph ide is 
f o r m e d ; a n d R . B o t t g e r o b s e r v e d t h a t h e a t e d c h r o m i u m t r i o x i d e is r e d u c e d b y 
c a r b o n d i su lph ide . I . G u a r e s c h i f o u n d t h a t c y a n o g e n bromide is d e c o m p o s e d 
b y c h r o m i c ac id , f o r m i n g b r o m i n e , c h r o m i c ox ide , c a r b o n d iox ide , a n d a m m o n i a . 
K . S o m e y a s t u d i e d t h e e l e c t r o m e t r i c t i t r a t i o n of p o t a s s i u m d i c h r o m a t e a n d 
p o t a s s i u m fe r rocyan ide . ES. L u d w i g o b s e r v e d t h a t m e t h a n e is n o t a t t a c k e d 
b y c h r o m i u m t r i o x i d e ; whi le e t h y l e n e fu rn ishes c a r b o n d iox ide , w a t e r , formic 
ac id , p r o b a b l y ace t i c ac id , a n d , a c c o r d i n g t o M. B e r t h e l o t , some a l d e h y d e . 
M. B e r t h e l o t a lso o b s e r v e d t h a t w i t h a ce ty l ene , a cone . soln. of ch romic ac id 
g ives c a r b o n d iox ide a n d fo rmic ac id , whi le w i t h di l . soln. some ace t ic ac id is 
fo rmed ; a l ly lene y ie lds p r o p i o n i c a n d ace t i c ac ids , e t c . ; a n d propylene, p r o ­
pionic ac id , a c e t o n e , e t c . R . F i t t i g f o u n d t h a t t h e s ide-cha ins of t h e aromat ic 
hydrocarbons a r e ox id ized t o C O . O H g r o u p s b y c h r o m i c ac id o r a m i x t u r e of 
s u l p h u r i c ac id a n d p o t a s s i u m d i c h r o m a t e . Accord ing t o A. Schafar ik , commerc i a l 
b e n z e n e inf lames in c o n t a c t w i t h p o w d e r e d c h r o m i u m t r iox ide , b u t pe tro leum, 
rectif ied over sod ium, shows scarce ly a n y signs of a c t i o n af ter s o m e weeks ' c o n t a c t 
w i t h c h r o m i u m t r i o x i d e ; R . B o t t g e r o b s e r v e d t h a t t h e h e a t e d t r i o x i d e is r e d u c e d 
b y p e t r o l e u m or turpentine . A . GTawalowsky sa id t h a t whi le c h r o m i u m t r iox ide 
a n d c h r o m a t e s oxidize a l c o h o l t o a l d e h y d e , a h igh ly purif ied a q . soln. of ch romic 
ac id does n o t a c t o n alcohol , b u t i t does so if a d r o p of s u l p h u r i c ac id be a d d e d . 
J . M. E d e r a d d e d t h a t a soln. of a m m o n i u m d i c h r o m a t e i n a b s o l u t e a lcohol decom­
poses m o r e r a p i d l y t h a n a soln . i n 50 pe r cen t , a lcohol . T h e r e a c t i o n is f avou red b y 
l i gh t . E . J . B o w e n a n d C. W . B u n n s t u d i e d t h e p h o t o c h e m i c a l o x i d a t i o n of t h e 
a l c o h o l s — m e t h y l , e t h y l , ^ - p r o p y l , a n d i ' so-propyl—by d i c h r o m a t e s . H . W i e n h a u s 
o b s e r v e d t h a t c h r o m i c es te r s c a n be o b t a i n e d b y s h a k i n g a soln. of a n a r o m a t i c 
t e r t i a r y a lcohol in l i gh t p e t r o l e u m or c a r b o n t e t r a c h l o r i d e w i t h a n excess of 
c h r o m i u m t r i ox ide . A r o m a t i c s e c o n d a r y a lcohols were d e c o m p o s e d b y t r e a t m e n t 
w i t h c h r o m i c ac id ; t h y m o l w a s co lou red b lue ; a n d eugenol w a s oxid ized w i t h o u t 
co lo ra t ion . S. T a k e g a m i o b s e r v e d t h a t col loidal c h r o m i c c h r o m a t e , Cr(CrO4J3 , 
is f o rmed w h e n a lcohol is a d d e d t o a soln . of c h r o m i c ac id . E . Miiller a n d co­
w o r k e r s also s t u d i e d t h e r e a c t i o n . B . V . Tronoff a n d co -worke r s s t u d i e d t h e ve loc i ty 
of o x i d a t i o n of a lcohol ; a n d D . S. M o r t o n e x a m i n e d t h e p h o t o c h e m i s t r y of t h e 
r e a c t i o n . A. Schafa r ik sa id t h a t c h r o m i u m t r i o x i d e is so lub le in d r i e d e ther , freed 
f rom alcohol . R . M. I s h a m a n d C. E . Vai l s a id t h a t w h e n c h r o m i c ac id is a d d e d to 
e t h e r , a v i o l e n t r e a c t i o n t a k e s p lace w i t h e v o l u t i o n of a c e t a l d e h y d e v a p o u r a n d 
t h e s e p a r a t i o n of g reen c h r o m i c ox ide . If t h e c h r o m i c ac id is i n t r o d u c e d in to 
e t h e r p r e v i o u s l y cooled t o —10° , a ye l low soln. is first p r o d u c e d , b u t ox ida t ion 
beg ins a l m o s t i m m e d i a t e l y w i t h t h e s a m e re su l t s a s t h o s e o b t a i n e d a t t h e o r d i n a r y 
t e m p . B . V . Tronoff s t u d i e d t h e ve loc i ty of o x i d a t i o n of e t h e r s a n d esters . 
A . N a u m a n n sa id t h a t t h e t r i o x i d e is so luble in a c e t o n e . N . R . D h a r , a n d G. Ulr ich 
a n d T. S c h m i d t s t u d i e d t h e r e d u c i n g a c t i o n of formic acid on c h r o m i u m t r iox ide . 
C. W a g n e r o b s e r v e d t h a t t h e r e a c t i o n w i t h formic ac id progresses in s tages , CrO 8 
—>Crv—>Cr I J I ; a n d if a m a n g a n o u s sa l t is p r e s e n t as n e g a t i v e c a t a l y s t , CrO 3 
—>Cr v —>2Cr I I +Cr 1 1 1 . T h e r e t a r d i n g a c t i o n of m a n g a n o u s sa l t s on t h e ox ida t ion 
of fo rmic or l ac t i c ac id b y c h r o m i c ox ide is a sc r ibed t o t he i r p r o m o t i n g t h e t r a n s ­
f o r m a t i o n of t h e q u i n q u e v a l e n t c h r o m i u m i n t o s e x i v a l e n t a n d t e r v a l e n t c h r o m i u m . 

A . P i c t e t f o u n d t h a t g lacia l ace t i c ac id f o rms a c e t o c h r o m i c acid , H C C r O ^ - C 2 H 3 O a ; 
a n d A . P i c t e t a n d P . G e n e q u a n d cou ld n o t p r e p a r e a s imi lar c o m p o u n d w i t h formic 
ac id o r w i t h va ler ic ac id b e c a u s e of t h e i r r e d u c i n g a c t i o n ; b u t w i t h butyric acid, 
b u t y x o c h r o m i c ac id , H O - C r O 2 - C 4 H 7 O 2 , is fo rmed . T h e o x i d a t i o n of oxa l i c acid b y 
c h r o m i u m t r i o x i d e w a s o b s e r v e d b y H . Vohl , W . P . J o r i s s e n a n d L*. T . Reicher , 
B . K . Muker j i a n d co -worke r s , A . K . B h a t t a c h a r y a a n d N . R . D h a r , H . K u n z -
K r a u s e a n d P . M a n i c k e , N . R . D h a r , a n d M. P r u d ' h o m m e . K . J a b l c z y n s k y 
d e d u c e d a n e q u a t i o n for t h e r e d u c i n g a c t i o n of oxal ic ac id on t h e a s s u m p t i o n t h a t 
i t occurs in t h r e e s t ages ; CrV I-H>Crv (i), C r v - > C r I V (ii), a n d Cr 1 V-^Cr 1 IT (iii). The 
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veloc i ty c o n s t a n t s a re respect ive ly ^ = 0 - 0 3 4 4 , Jc^=0-1322, a n d & 3 = O 0 2 3 8 . 
N . R . D h a r found t h e reac t ion is a b o u t four t imes as fas t in t r op i ca l s u n l i g h t as in 
da rkness . The reac t ion was also s t ud i ed b y A. K . B h a t t a c h a r y a a n d N . R . D h a r . 
C. W a g n e r observed t h a t if a soln. of ch romic acid is a d d e d t o a m i x e d soln. of 
po t a s s ium iodide a n d sod ium h y d r o c a r b o n a t e , n o free iod ine is fo rmed, b u t a 
reac t ing m i x t u r e of oxalic a n d ch romic ac ids will l i be ra t e a p p r e c i a b l e a m o u n t s 
of iodine from the iodide. I t is therefore t o be conc luded t h a t some ac t ive in t e r ­
med ia t e p r o d u c t is formed in t h e r eac t ion b e t w e e n ch romic ac id a n d oxal ic ac id , 
and the same is t r ue for t h e reac t ion b e t w e e n ch romic acid a n d t a r t a r i c ac id . Th i s 
subs tance is so uns t ab l e t h a t i t can scarcely be h y d r o g e n pe rox ide , or a c o m p o u n d , 
of the n a t u r e of pe rca rbon ic acid, a n d a t t e m p t s t o d e t e c t t h e f o r m a t i o n of t h e s e 
subs tances have , in fact , been futile, n o r is t h e r e a n y ev idence in f avou r of t h e 
exis tence of chromic ac id-oxal ic ac id complexes . I n t h e r eac t ion b e t w e e n c h r o m i c 
acid a n d lact ic acid, however , t h e i n t e r m e d i a t e p r o d u c t is m o r e s t ab le , p r o b a b l y 
owing t o t he fo rmat ion of a c o m p l e x c o m p o u n d w i t h t h e lac t ic ac id . I n t e r m e d i a t e 
p r o d u c t s are also formed in t h e ox ida t ion of oxal ic , lact ic , tartaric , a n d th iocyan ic 
acids b y chromic t r iox ide . C h r o m i u m t r iox ide decomposes t a r t a r i c acid , a n d 
citric acid as observed b y W . P . Jo r i s sen a n d L . T . Re icher , a n d W . G. V a n n o y . 
A. K. B h a t t a c h a r y a a n d N . R . D h a r s t u d i e d t h e p h o t o c h e m i c a l decompos i t i on of 
ci tr ic , t a r t a r i c , a n d lac t ic acids b y ch romic acid . H . S. F r y found c h r o m i u m 
t r iox ide to be soluble in acet ic anhydride ; a n d t h a t acety l chloride d issolved in 
ca rbon te t rach lor ide forms c h r o m y l chlor ide ; ace ty l bromide forms c h r o m y l 
b romide ; b u t acetyl iodide does n o t r eac t . A. N a u m a n n obse rved t h a t c h r o m i u m 
t r ioxide is soluble in benzonitr i le , a n d in m e t h y l ace ta te ; b u t is spa r ing ly soluble 
in e thyl acetate . R . B o t t g e r found t h a t e t h y l a c e t a t e , a n d e thy l n i trate r educe 
h o t c h r o m i u m t r iox ide t o ch romic oxide . M, P r u d ' h o m m e showed t h a t t h e ox ida ­
t ion oi indigo is g r ea t l y acce le ra ted b y t h e p resence of oxal ic ac id . T h e r e d u c i n g 
ac t ion of paper was o b s e r v e d - b y A. Maus ; w o o l , b y Gr. Ul r i ch a n d T. S c h m i d t ; 
sugar, b y W . P . Jo r i s sen a n d L . T. Re iche r ; vegetab le products , b y J . J a c o b s o n ; 
gelat in , b y E . P . W i g h t m a n a n d S. E . S h e p p a r d ; a n d a n i m a l fibres, b y M. A. I l i n sky 
a n d D . I . K o d n e r . E . Goldberg found t h a t t h e ve loc i ty of t h e r eac t i on w i t h qu in ine 
in l ight is p ropor t i ona l t o t h e i n t e n s i t y of l i gh t ; on ly t h o s e r a y s a re a c t i v e w h i c h 
a re abso rbed ; Bee r ' s l aw ho lds good ; a n d t h e t e m p , coefr. of t h e r e a c t i o n is sma l l . 
R . L u t h e r a n d G. S. F o r b e s showed t h a t t h e q u i n i n e is a lone sens i t ive t o t h e l igh t 
so t h a t t h e first s t age of t h e r eac t ion is t h e f o r m a t i o n of sensi t ized qu in ine w i t h a 
ve loc i ty p ropo r t i ona l t o t h e l ight a b s o r p t i o n ; a n d t h e second s t age is a r e a c t i o n 
w i t h t h e sensi t ized qu in ine w i t h a ve loc i ty wh ich is p r o p o r t i o n a l t o t h e cone , of 
t h e ch romic a n d su lphur ic acids . The r eac t i on w a s s t u d i e d b y D . S. M o r t o n . 
A. K . B h a t t a c h a r y a a n d N . R. D h a r , a n d B . K . Muker j i a n d co-workers s t u d i e d 
t h e r eac t ion w i th qu in ine su lpha t e . L . Cohn, a n d A. W i n d h a u s i n d i c a t e d t h e use 
of c h r o m i u m t r iox ide in t h e ox ida t ion of o rgan ic c o m p o u n d s in t h e l a b o r a t o r y , 
a n d A. N . D e y a n d N . R . D h a r s t ud i ed t h e k ine t i c s of t h e o x i d a t i o n of o rgan ic ac ids 
b y c h r o m i c acid . Chromic ac id a n d soluble c h r o m a t e s g ive p r e c i p i t a t e s w i t h bas ic 
dyes , b u t n o t so w i t h t h e insoluble c h r o m a t e s . 

Accord ing t o P . L e b e a u , 6 s i l icon is n o t a t t a c k e d b y c h r o m i u m t r iox ide . 
R . B u n s e n sa id t h a t c h r o m a t e s h e a t e d before t h e b lowpipe f lame i m p a r t a g reen 
co lour t o b e a d s f rom borax, or m i c r o c o s m i c salt ; a n d L . Moser a n d W . E i d m a n n , 
t h a t boron nitride r educes t h e t r iox ide t o a lower ox ide . L . F . G i lbe r t s t u d i e d t h e 
s y s t e m C r O 3 - B 2 O 3 - H 2 O a t 25° a n d 45°. F o r t h e solubi l i ty of boric ac id a n d 
c h r o m i c acid in g r a m s pe r 100 g rms . of soln., a n d t h e sp . gr., h e f o u n d : 

!

CrO3 . 62-4O 59-9O 43-80 33-05 1 8 0 7 9-42 4-9O 

B 2 O 3 . OIO 0 1 6 0-65 1 0 2 1-58 2-28 2-79 
Sp . gr. . 1-699 1-657 1-420 1-296 1 1 5 6 1*086 1-052 J CJrO3 . 61-56 58-10 67-50 57-34 53-8O 25-60 2-4O 

B 2 O 3 . 0-90 0-92 0-87 0-12 0-85 2*33 4-76 
Sp . gr. . 1-674 1*612 1-603 1-603 1-528 1-219 1*038 
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J . L . G a y L u s s a c a n d Li. J . The^nard obse rved t h a t s o d i u m or p o t a s s i u m r e ac t s w i t h 
c h r o m i u m t r i o x i d e w i t h i ncandescence . H . G. v a n N a m e a n d D . TJ. Hi l l found 
t h a t t h e v a l u e s for t h e m o n o m o l e c u l a r ve loc i t y c o n s t a n t k, in dx/dt—7c(a—x), 
w h e n copper d i sso lves in 0-015 m o l a r soln. of c h r o m i u m t r i o x i d e w i t h 0*05, 
O 25 , 1-25, a n d 5-0 m o l a r p r o p o r t i o n s of su lphu r i c ac id , were , r e spec t ive ly , 5-58, 
6-95, 5-34, a n d 2*072 ; s i lver a n d t h e 0-015 m o l a r c h r o m i u m t r i o x i d e w i t h 0*25, 
a n d 5-0 m o l a r H 2 S O 4 , g a v e t h e c o n s t a n t s 4-31, a n d 1*23 respec t ive ly . T h e 
in i t i a l v e l o c i t y of t h e d i s so lu t ion of s i lver in c h r o m i c ac id is g r ea t e r t h a n t h a t 
w h i c h c h a r a c t e r i z e s t h e n o r m a l p rocess of d i sso lu t ion . This i nd i ca t e s t h a t t h e 
v e l o c i t y d e p e n d s on t h e phys i ca l s t a t e of t h e m e t a l , a n d is n o t en t i r e ly de te r ­
m i n e d b y t h e p rocess of diffusion. T h e r e d u c t i o n of c h r o m i c ac id b y copper 
w a s d i scussed b y V. H . Ve ley , 7 E . M u r m a n n , a n d F . F i scher . Accord ing t o 
R . G. v a n N a m e a n d D . U . Hi l l , i n t h e a c t i o n of 0-015il^-CrO3 a n d 5 - 0 M - H 2 S O 4 
o n til l , t h e v e l o c i t y c o n s t a n t w a s 2 - 7 4 ; w i t h n i cke l , 2*67 ; whi le w i t h c a d ­
m i u m a n d 0-01SiIf-CrO3 a n d 0-25, 1-25, a n d 5-OiI^T-H2SO4, t h e ve loc i ty con­
s t a n t s were , r e spec t ive ly , 7*02, 5-32, a n d 2-67 ; a n d w i t h i ron a n d 0 -015M-CrO 8 
w i t h 0-25 a n d 5 - 0 M - H 2 S O 4 , t h e v e l o c i t y c o n s t a n t s were , r espec t ive ly , 11-68, a n d 
4-20. H . Moissan found t h a t z i n c r educes c h r o m i u m t r i o x i d e a n d c h r o m a t e s t o 
c h r o m i c ox ide or s a l t s ; i ron a lso r e a c t s w i t h t h e e v o l u t i o n of m u c h h e a t . E . H e y n 
a n d O. B a u e r obse rved t h a t i ron dissolves in di l . c h r o m i c acid , a n d i ron t r e a t e d wi th 
a c e r t a i n cone , of t h e c h r o m i c acid , m a y b e p a r t i a l l y p r o t e c t e d f rom rus t i ng . 
R . G. v a n N a m e a n d D . IT. Hi l l s t u d i e d t h e r a t e of d i s so lu t ion of copper , silver, 
c a d m i u m , t in , a n d nickel in ch romic ac id . J . F . J o h n found t h a t m a n g a n e s e dis­
solves in c h r o m i c acid . «T. J a c o b s o n obse rved t h a t m e r c u r y r educes a n aq . soln. 
of c h r o m i u m t r i o x i d e ; a n d a lso soln. of c h r o m a t e s a n d d i c h r o m a t e s . A. Char r iou 
s t u d i e d t h e a d s o r p t i o n of c h r o m i c ac id b y a l u m i n i u m hydroxide . Accord ing t o 
A. S c h e u r e r - K e s t n e r , s t a n n o u s chlor ide is ox id ized b y c h r o m i u m t r i ox ide : 6SnCl 2 
+ 4 C r O 3 - 3 S n C l 4 + 3 S n O 2 + 2 C r 2 O 3 ; F . P e n n y f o u n d t h a t d i c h r o m a t e s a re also 
r e d u c e d b y s t a n n o u s ch lor ide . M. N e i d l e a n d J . C. W i t t f ound t h a t t h e s toichio­
m e t r i c r e l a t ions in t h e r e a c t i o n b e t w e e n s t a n n o u s ch lor ide a n d p o t a s s i u m d i c h r o m a t e 
a r e t h e s a m e in t h e absence of ac id a s in i t s p r e sence ; w h e n p o t a s s i u m d i c h r o m a t e 
is a d d e d in t h e t heo re t i c a l q u a n t i t y t o a soln. of s t a n n o u s ch lor ide i n t h e absence 
of ac id , b rown i sh - a n d g reen i sh-b lue , ge l a t i nous masse s a r e fo rmed , w h i c h dissolve 
a n d fo rm a clear , d e e p ol ive-green soln. w h e n t h e whole of t h e d i c h r o m a t e h a s been 
a d d e d . These soln. a p p e a r r e d b y t r a n s m i t t e d l igh t . Dia lys i s , a n d e x t r a c t i o n 
w i th a lcohol , showed t h a t t h e soln. cons is t s of p o t a s s i u m a n d c h r o m i u m chlor ides , 
t o g e t h e r with* col loidal soln. of h y d r a t e d s t a n n i c a n d c h r o m i c h y d r o x i d e s . On 
dia lys is a c lear sol, of t h e a p p r o x i m a t e c o m p o s i t i o n 6 S n O 2 : I C r 2 O 3 , is ob t a ined , 
a n d t h i s sol c o n t a i n s t h e who le of t h e t i n a n d a b o u t one-half of t h e c h r o m i u m used 
in t h e r e a c t i o n . T h e course of t h e r e a c t i o n is g iven b y t h e e q u a t i o n : 2 K 2 C r ^ O 7 
+ 6 S n C l 4 + ( 6 x + y + l ) H 2 0 ^ 4 K C l + 6 S n 0 2 . : z H 2 0 + C r 2 O 3 - ^ H 2 O + 2 C r C l 3 + 2H(U. 
R . K r a u s s t u d i e d t h e a c t i o n of soln. of u r a n o u s sa l ts a n d m o l y b d o u s sal ts on 
c h r o m i u m t r i ox ide soln. ; a n d K . S o m e y a , soln . of t i tanous sa l ts . A. G e u t h e r 
r e p r e s e n t e d t h e r e a c t i o n w i t h a n h y d r o u s ferric chloride b y : 2 F e C l 3 + 3 C r O 3 = ^ F e 2 O 3 
+ 3CrO 2 Cl 2 . S. Or Iowsky found t h a t , in a lka l ine soln., p o t a s s i u m d i c h r o m a t e 
oxidizes m a n g a n o u s sa l t s t o m a n g a n i c : K o C r 2 O 7 + 6 M n S O 4 + 1 0 N H 4 O H + 7 H 2 O 
= 2 C r ( O H ) s + 6 M n ( O H ) 3 + K 2 S 0 4 + 5 ( N H 4 ) 2 S 0 4 , a n d t h e m o r e cone, t h e alkal i , 
t h e sma l l e r t h e o x i d a t i o n p r o d u c e d . T h e r e a c t i o n w a s s t u d i e d b y R . Liang a n d 
co -worke r s . F o r t h e a c t i o n o n p e r m a n g a n a t e s , vide p e r m a n g a n a t e s . C h r o m i u m 
t r i o x i d e is r e d u c e d b y ferrous sa l t s . M. Ne id le a n d J . C. W i t t f ound t h a t t he 
s to i ch iome t r i c r e l a t i ons i n t h e r e a c t i o n b e t w e e n p o t a s s i u m d i c h r o m a t e a n d ferrous 
s u l p h a t e a r e t h e s a m e i n t h e p re sence or absence of ac id . I n t h e absence of acid 
t h e r e a c t i o n is i n s t a n t a n e o u s , e x c e p t i n v e r y di l . soln . T h e r eac t ion m a y be 
exp re s sed b y t h e e q u a t i o n : 3 K 2 C r 2 O 7 + 1 8 F e S O 4 + ( ^ + 6 ^ ) H 2 O = 3 K 2 S O 4 
+ C r 2 0 8 . a j H 2 0 + 2 C r 2 ( S 0 4 ) s + 3 F e 2 ( S 0 4 ) 3 + 6 ( F e 2 0 3 . v H 2 0 ) . T h e colloidal ch romic 
a n d ferr ic ox ides a r e p r e c i p i t a t e d b y t h e su lphace ion in t h e soln. , a n d a d s o r b a 
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large q u a n t i t y of ferric s u l p h a t e a n d smal le r q u a n t i t i e s of t h e o t h e r t w o s u l p h a t e s . 
T h e e lec t romet r ic t i t r a t i o n of fer rous sa l t s w i th p o t a s s i u m d i c h r o m a t e 1WaS s t u d i e d 
b y R . G. v a n N a m e a n d F . Fenwick , a n d E . Miiller a n d H . K o g e r t . C. R u b e 
observed t h a t potass ium ferrocyanide is c o n v e r t e d i n t o ferr icyanide . 

F . P e n n y , H . Schwarz , a n d J . S c h a b u s found t h a t a soln. of ferrous sulphate g ives 
a yel lowish-brown p rec ip i t a t e w i t h c h r o m a t e s or d i ch roma te s , which u l t i m a t e l y d is ­
solves a n d a green soln. of a ch romic sa l t r e m a i n s . C. C. B e n s o n observed t h a t t h e 
r a t e of ox ida t ion of ferrous s u l p h a t e is p r o p o r t i o n a l t o t h e second power of t h e cone , 
of ferrous sa l t a n d of ac id ; a n d a p p r o x i m a t e l y p r o p o r t i o n a l t o t h e 1-7 power of t h e 
cone, of t h e po t a s s ium d i c h r o m a t e . T h e presence of ferric sa l t s r e t a r d s t h e r eac t ion . 
I n t h e presence of iodide, t h e r a t e of ox ida t i on of t h e ferrous sa l t is p r o p o r t i o n a l 
t o t h e cone, of t h e d i c h r o m a t e a n d ferrous s u l p h a t e , a n d t o t h e t h i r d or f o u r t h 
power of t h e cone, of t h e ac id . I n c r e a s i n g t h e cone, of iodide causes a t first a 
decrease a n d l a t e r a n increase of t h e r a t e . T h e resu l t s a r e n o t in acco rd w i t h t h e 
perox ide t h e o r y of W . Mancho t , w h i c h a s sumes t h e p r i m a r y p r o d u c t of o x i d a t i o n 
of t h e ferrous s u l p h a t e t o be a pe rox ide , wh ich t h e n r eac t s w i t h t h e iodide a n d t h e 
r ema in ing ferrous sa l t ; b u t t h e y agree w i t h t h e a s s u m p t i o n t h a t t h e iodide t a k e s 
p a r t in t h e reac t ion , a n d t h e t w o reac t ions a r e sugges ted a s occur r ing t o g e t h e r 
(i) b e t w e e n C r 2 O 7 " , F e I ' , I ' , a n d 4 H \ a n d (ii) b e t w e e n C r 2 O 7 " , 2 F e " , a n d 2 H \ 
T h e reac t ion was discussed b y W. L.. Miller, a n d R . A . G o r t n e r . T h e r e a c t i o n 
be tween chromic acid a n d hydr iod ic ac id in di l . soln . h a s b e e n s t u d i e d b y N . Schiloff, 
R . L u t h e r a n d N . Schiloff, a n d R . L u t h e r a n d T. F . R u t t e r i n t h e p resence of 
hydr iod ic acid as acceptor , a n d v a n a d i u m sal ts as i n d u c t o r s . Bi- , ter- , a n d q u a d r i ­
v a l e n t sa l t s of v a n a d i u m are u l t i m a t e l y oxidized t o q u i n q u e v a l e n t v a n a d i u m . 
T h e i n d u c t o r factor is 2, m e a n i n g t h a t for one eq . of v a n a d i u m oxidized, t w o eq , 
of iodine a re se t free. V a n a d i c ac id does n o t efiect t h e r a t e of o x i d a t i o n of h y d r i o d i c 
ac id b y chromic acid, a n d on ly ac t s c o m p a r a t i v e l y slowly o n hyd r iod i c ac id , so 
t h a t t h e process is n o t g r e a t l y compl i ca t ed b y s ide r eac t ions . W i t h u r a n o u s sul­
p h a t e as induc to r , a n d a large excess of p o t a s s i u m iodide, t h e i n d u c t i o n fac to r is 
0-74. Whi le W. M a n c h o t supposed t h a t t h e i n d u c t o r is oxidized b y ch romic ac id 
t o a pe rox ide , R . L u t h e r a n d T. F . R u t t e r a s s u m e d t h a t t h e i n d u c t o r r educes 
c h r o m i c ac id t o q u i n q u e v a l e n t ch romium, which is a m o r e r a p i d oxidiz ing a g e n t 
t h a n t h e acid itself. W h e r e a s W . M a n c h o t ' s t h e o r y requ i res t h e fo rma t ion of 
i n t e r m e d i a t e perox ides of v e r y diverse formulas, t h e a s s u m p t i o n of t h e i n t e r m e d i a t e 
f o r m a t i o n of q u i n q u e v a l e n t c h r o m i u m alone a c c o u n t s for nea r ly all t h e r eac t ions 
so far i nves t iga t ed . I t is sugges ted t h a t t h e r e d u c t i o n of ch romic ac id p roceeds in 
t h e following s tages C r V I - > C r v - ^ Cr*V-^Cr1 1 1 , a n d t h a t ch romic 'ac id c o n t a i n s 
s ex iva l en t a n d n o t q u a d r i v a l e n t c h r o m i u m as W . M a n c h o t h a s sugges ted . 
N . R . D h a r s t u d i e d some i n d u c e d reac t ions , e.g. t h e ac t ion of ch romic acid on t h e 
r e d u c t i o n of m e r c u r i c chlor ide b y oxalic acid . 
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§ 15. The Chromates. Monochromates 
The normal chromates are to be regarded as salts of the dibasic chromic acid, 

or rather metachromic acid, H2CrO4 ; i t is possible tha t the hypothetical para^ 
Chromic acid, H4CrO5, is represented by some of the basic sal ts—PbO.PbCr04 ; 
and the hypothetical orthochromic acid, HCr6O6 , represented by other basic salts— 
e.g. 2PbO.PbCrO4 . 
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L. N". Vauque l in , 1 J . B . R ich te r , a n d H . Moser ob t a ined w h a t was regarded as 
a m m o n i u m chromate , (NH 4 J 2 CrO 4 , b y evapo ra t i ng a n aq . soln. of chromic acid 
mixed w i t h a n excess of a m m o n i a . J . J . P o h l said t h a t w i th t h e a m m o n i a in large 
excess, yellow crys ta ls of ammonium oxychromate, (NH 4 J 2 0 .4 (NH 4 J 2 CrO 4 , a re f o r m e d ; 
which , according t o J . Schabus , a re monoclinic p r i sms wi th t h e axia l r a t i o a : b : c 
= 0 - 7 4 5 8 : 1 : 0-4955, a n d £==106° 15 ' . C. F . R a m m e l s b e r g d o u b t e d w h e t h e r th i s 
c o m p o u n d real ly exis ts ; J . J . Poh l ' s analys is was imperfect—-only t h e c h r o m i u m 
was de t e rmined . E . J a g e r a n d G. Kr i i ss showed t h a t when an aq . soln. of chromic 
acid is e v a p o r a t e d w i t h a m m o n i a , t h e sa l t is pa r t i a l ly decomposed wi th evolu t ion 
of a m m o n i a , a n d a m i x t u r e of c h r o m a t e a n d d i ch roma te is a lways ob ta ined ; even 
when t h e soln. is e v a p o r a t e d a t 50° t o 60°, reddish-yel low crys ta ls conta in ing 59*19 
per cent , of chromic oxide a re ob ta ined , a n d a t o rd ina ry t emp . , also, a m i x t u r e of 
t h e t w o sa l ts is p roduced . Accord ing t o Y . T. GerasimofE, t h e sal t c a n n o t be 
conven ien t ly p r e p a r e d b y doub le decomposi t ion , 
b u t i t can be m a d e b y neu t ra l i z ing ch romic ac id 
w i th a m m o n i a . A m m o n i u m c h r o m a t e can be 
p r e p a r e d b y t r e a t i n g chromic acid, free from 
sulphur ic acid, w i th aq . a m m o n i a of sp . gr. 0-9, 
add ing a m m o n i a a n d w a r m i n g gen t ly un t i l t h e 
solid sa l t which sepa ra t e s is recti ssolved, a n d t h e n 
plac ing the soln. in a freezing m i x t u r e . I t 
crystal l izes in long, golden needles . E . M a u m e n e 
said t h a t a cone. soln. of chromic acid or p o t a s s i u m 
d i c h r o m a t e neu t ra l i zed b y a m m o n i a , deposi ts 
a m m o n i u m c h r o m a t e in yellow, crys ta l l ine tuf ts , 
which resemble those of t h e p o t a s s i u m sal t , b u t 
soon lose a m m o n i a , a n d change in to t h e di­
c h r o m a t e . T h e sa l t is bes t crysta l l ized by e v a p o r a t i n g t h e s l ight ly ammoniaca l 
soln. over quickl ime, a n d should be k e p t in sealed vessels. H . Hirzel ob ta ined 
a m m o n i u m c h r o m a t e b y g radua l ly add ing ch romyl chlor ide t o a n excess of aq . 
a m m o n i a , a n d e v a p o r a t i n g t h e soln. below 60°. The first c rop of crys ta ls is 
a m m o n i u m c h r o m a t e ; a n d t he n e x t c rop, a m m o n i u m chlor ide . The sa l t was 
purified by recrys ta l l iza t ion . Analyses b y E . K o p p , S. D a r b y , a n d E . J a g e r a n d 
Gr. Kri iss agreed wi th t h e formula (NH 4 J 2 CrO 4 . E . Maumen£ , Ju. N . Vauquel in , 
H . Moser, a n d E . J a g e r a n d O. Kr i i ss showed t h a t when t h e a q . soln. of t he sa l t 
is r epea ted ly e v a p o r a t e d , i t is first conve r t ed i n to t h e d i ch roma te , a n d t h e n in to 
a b r o w n oxide . E . J a g e r a n d O. Kri iss could n o t p r epa re a n y basic sa l t l ike t h a t 
r e p o r t e d b y J . J . Poh l ; no r d id F . A. H . Schre inemakers observe t h e fo rmat ion 
of a n y basic sa l t du r ing his s t u d y of t h e t e r n a r y s y s t e m : C r O 3 - N H 3 - H 2 O , a t 30°. 
The following is a selection from t h e solubi l i ty d a t a for sa t . so ln .—concen t ra t ions 
a re expressed in pe rcen tages : 

C r O 3 . 
NBE3 -

Solids 

C r O 3 . 
N H 3 . 

Solids 

The resul ts a re shown respect ively in F ig . 29. T h e region above t h e line abode/ 
refers t o u n s a t u r a t e d soln. ; ah r epresen t s soln. in equ i l ib r ium w i t h solid ch romium 
t r iox ide ; be, w i t h solid a m m o n i u m t e t r ach ro rna t e ; cd, w i th solid t r ichrorna te ; 
de, w i t h solid d i c h r o m a t e ; a n d ef, w i t h solid monochro rna te . A m m o n i a was here 
selected as one of t h e c o m p o n e n t s because (NH 4 J 2 O is n o t s tab le . 

According t o E . J a g e r a n d Gr. Kri iss , t h e golden-yel low needles are monoclinic 
VOL. X I . R 

6 - 9 3 3 
2 2 - 3 4 8 

4 4 0 8 
2 - 2 7 1 

9 - 9 6 6 1 4 - 4 8 6 
16*529 1 0 - 7 8 0 

(JSTH4)2Cr04 

5 2 - 4 1 5 6 - 6 2 
1-107 0 - 9 4 9 6 

<NH4>aCr3O10 

1 8 - 9 8 
6-49 

5 8 - 8 7 
0 - 6 4 8 5 

(NH4)S 

2 7 - 0 9 
6-87 

63-6O 
0 - 3 9 9 1 

,Cr4O18 

2 5 - 4 3 4 2 - 4 3 7 
4 - 3 4 3 1 4 8 3 

(^H: 4 ) a Cr 2 0 7 

6 2 - 9 4 6 2 - 2 8 
0 - 2 0 9 4 

CrO3 



242 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

prisms with the axial ratios a : b : c = l - 9 6 0 3 : 1 : 2-4452, and £ = 6 4 ° 47' . E . Her-
linger studied the structure of the crystals. J . W. Retgers said t h a t a m m o n i u m 
chromate is not isomorphous wi th the potass ium chromate family. The other 
measurements of G. N . Wyrouboff made i t appear as if the salt is dimorphous, l ike 
potassium chromate ; but more data are required t o confirm these results ; however , 
he found that ammonium chromate forms an isomorphous series of solid soln. w i th 
anhydrous, rhombic sodium sulphate, and another series wi th anhydrous, monocl inic 
sodium sulphate. There is a gap between the t w o series, and hence, the salt exhibi ts 
what has been called a labile dimorphism. T. Ishikawa studied the sys tem : 
( N H 4 ) 2 C r 0 4 - ( N H 4 ) 2 S 0 4 - K 2 S 0 4 - K 2 C r 0 4 . S. Araki found t h a t the solubil ity curve 
in the system : (NH 4 J 2 CrO 4 - (NH 4 J 2 SO 4 -H 2 O at 25° has t w o branches wi th t w o 

of solid soln. N o solid soln. occur wi th ammonium sulphate be tween 2-90 
and 21-50 molar per cent .—BC, F ig . 30. H e also 
studied the sy s t em : (NH 4 J 2 CrO 4 -K 2 CrO 4 -H 2 O. 
H. G. C. Schroder gave 1*866 for the sp. gr. of 
ammonium monochromate ; F . W. Clarke, 1*917 at 
12° ; and E . Jager and G. Kruss, 1-886, a t 11°. 
K. F . Slotte found the sp. gr. of aq. soln. wi th 
10-52, 19-75, and 28-04 per cent, of (NH4J2CrO4 t o 
be respectively 1-0633 at 13°, 1-1197 at 13-7°, 
and 1-1727 at 19-6° ; and the viscosi ty (water 
100) respectively 108-3, 120-3, and 137-9 at 10° ; 
85-2, 95-5, and 110-1 a t 20° ; and 57-8, 66-1, and 
76-9 at 40°. The sp. ht . of aq. soln. of a mol of 
ammonium chromate wi th n mols of water w a s 
found by J. C. G. de Marignac to be 0-7967 for 
n=25 ; 0-8767 for ^ = 5 0 ; 0-9304 for ^=IOO ; 
and 0-9630 for n==200. The subject was discussed 

by N. de Kolossowsky. F . Morges gave for the heat of neutralization : 
(H 2 Cr0 4 a q. ,2NH 4 OH f t q . )=22-2 CaIs. at 12° ; and M. Berthelot, 24-42 CaIs. at 
19-5°. F. Morges also gave (NH4)2Cr2O7 a q . ,2NH4OHa q . ):=-20-4 CaIs. a t 12°. 
P. Sabatier found —5-8 CaIs. for the heat of soln. of a mol of ammonium 
chromate in 200 parts of water at 18°. The spectroscopic observations of 
D . Brewster, and J. H. Gladstone have been previously discussed. M. G. Mellon 
studied the colour of soln. of different concentration. I. PlotnikofY and M. Kar-
shulin measured the absorption spectrum and the region of photochemical 
sensi t iv i ty for collodion films wi th methyl alcohol as acceptor. M. S. Sherrill found 
the eq. conduct iv i ty , A mho, corrected for hydrolysis , for m grm.-equivalents of 
the salt per litre at 18°, to be -

series 
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F I G . 30 .—Solubi l i ty of Binary 
Mixtures : 

( N H J 2 C r O 4 - ( N H 4 ) 2 S G 4 a t 25° . 

m 0-005 
123-4 

0 0 1 
118-4 

0 0 2 
112-5 

0-04 
105-5 

and C. Watkins and H. C Jones gave for the molar conductivity , /x mho, of a mol 
of salt in v litres, 
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The calculated percentage ionizations at 0° and 35° are 
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16 
76-4 
75-7 

32 
82-3 
82-2 

128 
93-4 
93-6 

1024 
152-4 
227 
279 
333 

512 
100-O 
1 0 0 0 

M. S. Sherrill calculated the hydrolysis of a 0-05 molar soln. at 18° to be 2-7 per cent . 
According t o A. N a u m a n n and O. Rucker, a not very exac t distillation process 
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showed that the hydrolysis expressed in percentages of the ammonia content, for 
soln. containing m gram-equivalents of salt per litre, was : 

m . . 1*0 0-4 O-l 0-025 0-0025 
Hydro lys i s . 31-0 32-6 36-8 42-O 49-O 

E. Jager and G. Kriiss said that ammonium chromate is not particularly stable 
in the dry state, and on exposure to air, it gradually turns reddish-yellow owing 
to the formation of the dichromate ; it also decomposes in a dry atm., or when 
gently heated. A. Maus observed that decomposition occurs with glowing, when 
heated, and the green chromic oxide which remains is readily soluble in acids. 
W. C. Ball observed that when heated, it decomposes like the dichromate (q.v.). 
According to E. Maumene, ammonium chromate yields a brown oxide, CrO2, when 
heated at 204:°, identical with the oxide which was described by L. N. Vauquelin as 
precipitated on heating the aq. soln., although in all probability it is formed only 
on the superheated sides of the vessel. When the temp, is raised to 220° or 225°, 
explosive decomposition occurs, and the oxide CrO is formed, which, however, 
takes fire at once, and burns to the green oxide Cr2O3 ; it is probable that the 
compound N2H4CrO3 is formed as an intermediate product. F. A. H. Schreine-
makers found that 40-46 grms. of the salt dissolve in 100 grms. of water at 30°— 
vide sttpra. In consequence of hydrolysis, the soln., as noticed by L. N. Vauquelin, 
H. Moser, and E. Jager and Gr. Kriiss, reacts alkaline, and gradually loses ammonia. 
Consequently, as pointed out by E. Maumene, it should be crystallized from aq. 
soln. in an atm. of ammonia. M. Groger observed that the aq. soln. containing 
the molar proportions 2NH3 : CrO3 is orange coloured, not yellow. He therefore 
assumed that the soln. contains a large proportion of dichromate : 2(NH^)2CrO4 

^ 2 N H 3 + H 2 0 + (NH4)2Cr207. C. Paal and GL Briinjes found that in the presence 
of colloidal palladium, a soln. of ammonium chromate is reduced by hydrogen. 
W. Miiller found that the vapour of carbon disulphide converts it into chromium 
sulphide and oxide. H. Stamm measured the solubility of the salt in aq. ammonia 
and found that soln. with 0, 1*818, and 3*436 mols of NH3 per 100 grms. of water 
dissolve, respectively, 0-200, 0*066, and 0043 mol of (NH4J2CrO4. E. C. Franklin 
found that the salt is sparingly soluble in liquid ammonia ; and A. Naumann, 
sparingly soluble in acetone. 

G. C. Gmelin,2 C. F. Hamrnelsberg, and L. Schulerud prepared lithium chromate, 
1^i2CrO4.2H2O, by evaporating an aq. soln. of lithium carbonate in chromic acid. 
J. W. Ttetgers said that if the soln. be evaporated 
at this ternp., or if the salt be heated to 150°, the ^ ft 

anhydrous salt is formed, and it consists of needle­
like crystals probably isomorphous with anhydrous 
lithium sulphate. F. Mylius and K. Funk said U0//.ff*0-
that a soln. of the salt sat. at 18° contains 52-6 
grms. of Li2CrO4 per 100 grms. of water ; W. Kohl- /\^^^^\^°\2H2° 
rausch said that 100 c.c. of soln. at 18° contain _ , / J y J T y \/TU9Cr,O7.2H,0 
85 grms. Li2CrO4 ; P. P. von. Weimarn, 100 grms. 
of water at 20° dissolve 111 grms. of salt, and ^ ^ ^ — ^ 2 ^^CrO 
F. A. H. Schreinemakers said 99*94 grms. at 30°. 
The salt deposited from its aq. soln. is the di- *la. 31.—Equilibrium Digram 
T. J T- ,-is-* rtXT ^ i T ^T- i for t h e Ternary S y s t e m : 
hydrate, Li2CrO4^H2O, as proved by the analyses x

L i 0 „ C r 0 ^ , O a t 30°. 
of C. F. Rammelsberg, and !L. Schulerud. 2 3 

F. A. H. Schreinemakers observed that the ternary system: Li2O-OrO3-H2O, at 
30°, contains the following percentage proportions of lithium oxide and chromium 
trioxide : 
CrO8 . — 22-51 37-50 38*55 43-4O 49-6O 67-73 63-26 62-28 
Li2O . 7 0 9 9-88 16-34 11-44 11-81 7*33 5-69 2 1 4 Solids iaOH.HsjO IJ2CrO4^H2O U2Cr207.2HaO CrO3 

The results are summarized in Fig. 3V ; the curve ab refers to soln. in equilibrium 
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w i t h solid c h r o m i u m t r iox ide ; be, w i t h solid L i 2 C r 2 O 7 ^ H 3 O ; cd, w i t h solid 
L i 2 C r 0 4 . 2 H 2 0 ; a n d de, w i t h solid L i O H - H 2 O . G. C. Gmel in sa id t h a t l i t h i u m 
c h r o m a t e furnishes orange-yel low, r h o m b i c p r i sms , or d e n d r i t i c masses , which , 
accord ing t o C. F . R a m m e l s b e r g , h a v e t h e ax ia l r a t io s a : b : c = = 0 6 6 2 : 1 : 0-466. 
F . Mylius a n d J . v o n W r o c h e m found t h a t t h e soln. s a t . a t 18°, h a s a s p . g r . 1-574 ; 
A. Heydwei l le r gave for t h e sp . gr . of g r a m - e q u i v a l e n t soln. a t 18°/18°, 

O-0815i*T- 01(529iV- 0*4115^- 0'823JV- 2'057.ZV- 4*115^-
Sp. gr. . . 10O458 100902 102052 104437 * 110746 1-20659 

C. F . R a m m e l s b e r g sa id t h a t t h e sa l t is de l iquescent , b u t w h e n confined ove r cone , 
su lphur ic acid, i t effloresces ; and , a d d e d L. Schu le rud , i t loses i t s w a t e r of c ry s t a l ­
l iza t ion a t 130°, a n d me l t s a t a h igher t e m p . P . P . v o n W e i m a r n a d d e d t h a t w h e n 
t h e m o l t e n m a s s is r ap id ly cooled, i t furnishes a t r a n s p a r e n t g lass . G. T a m m a n n 
found t h a t 4-63, 20-23, 41-93, a n d 59-09 g r m s . of l i t h i u m c h r o m a t e in 10(3 g r m s . of 
w a t e r lower t h e v a p . press , respect ive ly 11-5, 53-6, 131-2, a n d 205-2 m m . A. H e y d ­
weiller found t h e indices of refract ion of 0-1, 0*5, 1-0, a n d 4-OiV-Li2CrO4 a r e 
respec t ive ly 1-33529, 1-34307, 1-35251, a n d 1-40612 for t h e ZMine a t 18° ; a n d t h e 
eq. electr ical conduct iv i t ies , A mhos , of 0*0815, 0-4115, a n d 4-115-ZV-SoIn. a r e respec­
t ive ly A = 7 6 0 2 , 59-67, a n d 22-73 a t 18°. C. W a t k i n s a n d H . C. J o n e s g a v e for 
m o l a r conduc t iv i ty , fx mhos , for a mo l of sa l t in v l i t res of w a t e r , 
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164 
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32 
96 
146 
181 
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128 
108 
165 
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512 
113 
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T h e p e r c e n t a g e ioniza t ions a t 0° a n d 35° a re : 
v . . 8 16 32 128 512 1024 2048 
0° . . 65-4 72-4 78-7 89-O 93-2 94-7 lOO-O 
35° . . 67-2 74-5 81-7 9 4 O 99-O 99-5 100-O 

H . T r a u b e said t h a t complex l i th ium potass ium su lphatochromate , L i 2 C r O 4 - K 2 S O 4 , 
furnishes h e x a g o n a l c rys ta l s . C. F . R a m m e l s b e r g p r e p a r e d w h a t he r e g a r d e d as 
a m m o n i u m l i th ium chromate , ( N H 4 ) L i C r 0 4 . 2 H 2 0 , in non-de l iquescen t c rys t a l s 
f rom a soln. of t h e c o m p o n e n t sa l ts . 

M e t h o d s i n d i c a t e d in connec t ion w i t h t h e e x t r a c t i o n of c h r o m i u m from c h r o m i t e 
c a n b e m a d e t o yie ld s od ium chromate , N a 2 C r O 4 . I I . Moser 3 o b t a i n e d i t b y fusing 
c h r o m i t e w i t h s o d i u m h y d r o x i d e a n d n i t r a t e , a n d crys ta l l iz ing f rom a n a q . soln. 
of t h e cold cake ; a n d H . K o p p , b y fusing ch romic oxide w i t h s o d i u m n i t r a t e , e t c . 
J . d ' A n s a n d J . Lofner o b t a i n e d t h e c h r o m a t e a m o n g s t t h e p r o d u c t s of t h e a c t i o n of 
c h r o m i c ox ide on s o d i u m h y d r o x i d e . M. R . N a y e r a n d co-workers found t h a t 
s o d i u m c a r b o n a t e a n d c h r o m i c ox ide read i ly i n t e r a c t t o form c h r o m a t e a t t e m p , 
be low 660° ; t h e sa l t m e l t s a t 800° a n d r e m a i n s u n d e c o m p o s e d af ter p r o l o n g e d 
h e a t i n g a t 10CX)0. Fe r r i c ox ide a n d , t o a g r e a t e r e x t e n t , ca lc ium oxide , acce le ra t e 
t h e f o r m a t i o n of c h r o m a t e in m i x t u r e s of s o d i u m c a r b o n a t e a n d c h r o m i c ox ide 
b y p r e v e n t i n g t h e m a s s f rom fusing a n d t h u s a l lowing b e t t e r access of a i r . H . Moser 
o b t a i n e d s o d i u m c h r o m a t e b y neu t r a l i z ing a soln. of ch romic ac id w i t h s o d i u m car ­
b o n a t e ; a n d S. W . J o h n s o n , b y s a t u r a t i n g a soln. of p o t a s s i u m d i c h r o m a t e w i t h 
s o d i u m c a r b o n a t e a n d c rys ta l l i z ing t h e l iqu id . T h e sa l t can b e so o b t a i n e d free 
f rom p o t a s s i u m sa l t s . M. de K . T h o m p s o n a n d co-workers , a n d A. J . B . J o u v e a n d 
A. H e l b r o n n e r o b t a i n e d s o d i u m c h r o m a t e b y e lec t ro lyz ing s o d i u m h y d r o x i d e soln . 
w i t h f e r r o c h r o m i u m a n o d e s . If t h e a q . soln. b e e v a p o r a t e d a b o v e 30°, H . K o p p , 
a n d J . W . R e t g e r s sa id t h a t t h e a n h y d r o u s sa l t is o b t a i n e d ; H . T r a u b e g a v e 60° 
t o 70° . A c t u a l l y , t h e t r a n s i t i o n t e m p , is n e a r 68°, F i g . 3 3 . T . W . R i c h a r d s a n d 
G. L . K e l l e y g a v e 62-8°. H . T r a u b e a d d e d t h a t t h e dihydrate, N a 2 C r O 4 . 2 H 2 O , 
r e p o r t e d b y G. N . Wyroubof r , is t h e imper fec t ly -d r ied , a n h y d r o u s sa l t . 

J . W , R e t g e r s sa id t h a t t h e a n h y d r o u s s o d i u m c h r o m a t e forms yel low, c o l u m n a r 
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885° 

crys ta l s , p r o b a b l y rhombic , a n d n o t i somorphous w i t h s o d i u m s u l p h a t e ; H . T r a u b e 
sa id t h a t t h e t w o sa l t s a re i somorphous ; a n d g a v e for t h e r h o m b i c , b i p y r a m i d a l 
c rys ta l s t h e ax ia l r a t i o s a : b : c = 0 4 6 4 3 : 1 : 0-7991. T h e (01O)-cleavage is per fec t . 
J . T r a u b e a n d W . v o n B e h r e n s tud i ed t h e 
c rys ta l l i za t ion of t h e sa l t . E . F l a c h showed t h a t 
sod ium c h r o m a t e a n d s u l p h a t e a r e comple te ly 
miscible a n d i s o m o r p h o u s . T h e effect of t h e 
s u l p h a t e on t h e t r a n s i t i o n p o i n t s of t h e c h r o m a t e 
is i l l u s t r a t ed b y F ig . 32 . C. L e e n h a r d t s t u d i e d 
t h e speed of c rys t a l l i za t ion of t h e h y d r a t e s . 

T h e ex i s t ence of t h r e e h y d r a t e s h a s b e e n 
es tab l i shed . F . W . Cla rke g a v e 2-710 t o 2-736 
for t h e sp . gr . ; a n d I . T r a u b e a d d e d t h a t t h e 
d r o p w e i g h t of t h e sa l t , a t i t s m . p . , i s 328-2. 
T h e tetrahydrate, N a 2 C r O 4 . 4 H 2 O , w a s p r e p a r e d 
b y ~D. Gernez b y e v a p o r a t i n g a s u p e r s a t u r a t e d 
soln. of t h e d e c a h y d r a t e , o r b y c o n t a c t of t h e 
soln. w i t h t h e a n h y d r o u s sa l t . H . T r a u b e o b ­
t a i n e d i t f rom a cone soln. a t 50° ; a n d 
G. N . Wyrouboff , a t 25° t o 29°. J . Zehen t e r 
neu t r a l i z ed a soln. of p o t a s s i u m d i c h r o m a t e w i t h 
sod ium c a r b o n a t e , a n d crys ta l l ized t h e m o t h e r -
l iquor af ter t h e s e p a r a t i o n of t h e 3 K 2 C r O 4 . 
N a 2 C r O 4 . T h e su lphur-ye l low, ac icu la r c rys t a l s were f o u n d b y H . T r a u b e t o be 
monocl in ic p r i s m s w i t h t h e ax ia l r a t i o s a : b : C - M H 2 : 1 : 1-0624. E . Her l inger 
s t ud i ed t h e s t r u c t u r e of t h e c rys t a l s . T . W . K i c h a r d s a n d W . 
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FTG. 3 2 . — E f f e c t of S o d i u m S u l ­
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E . 
B . M e l d r u m 

obse rved t h e f o r m a t i o n of i s o m o r p h o u s m i x t u r e s of N a 2 S 0 4 . 4 H 2 0 a n d 
N a 2 C r O 4 . 4 H 2 O . L . D e l h a y e m e a s u r e d t h e op t i ca l p rope r t i e s of t h e monocl in ic 
c rys t a l s of t h e t e t r a h y d r a t e p r e p a r e d b y a l lowing a soln. of sod ium c h r o m a t e , 
s a t . a t 50°, t o cool t o a b o u t 27°, filtering, a n d keep ing for severa l d a y s wi th 

t h e op t i c ax ia l angle 2 F = 3 0 ° 50 ' f o r A = 4 6 2 ^ / x ; occasional shak ing . H e g a v e for 

Y 

6 5 0 
1-545 
1-291 
1-297 

67OfCfI 
1 - 5 3 6 
1 - 2 8 5 
1 - 2 2 1 

29° 52 ' for A—502/x/x : 25° 3 3 ' for A = 5 3 6 ^ . ; 21° 4 9 ' for A=563/u/x ; a n d 
16° 5 6 ' for A=582JL(JJL ; a n d for t h e indices of refract ion, 

A . . 5 3 5 5 7 3 5 8 9 6 0 0 6 2 5 
a . 1 -576 1-566 1-561 1-559 1-551 

1-471 1-457 1-447 1-44O 1-383 
1-342 1-328 1-321 1-317 1 -308 

a. N . Wyrouboff g a v e for t h e op t i c ax ia l angle 2 , 0 = 1 6 ° 10 ' for red- l ight , a n d 36° 2 2 ' 
for g r e e n - l i g h t ; he also sa id t h a t t h e sa l t is 
s o m e w h a t de l iquescen t , a n d loses 2 mols . of 
w a t e r a t 110°, a n d t h e r e s t a t 250° ; whi le 
H . T r a u b e sa id t h a t t h e sa l t loses w a t e r if 
a l lowed t o s t a n d in air for some t i m e , a n d all 
t h e w a t e r is expe l led a t 150°. F . Myl ius a n d 
R . F u n k g a v e for t h e p e r c e n t a g e so lubi l i ty of 
t h e t e t r a h y d r a t e — s t a b l e b e t w e e n 25-9° a n d 
68°, F i g . 3 3 — 

25-6° 36-0° 
S . . . 4 6 0 8 4 7 - 9 8 

45-0° 54-5° 6 5 0 ° /v 

£ . . 50-20 52-28 55-23 ° /0 If ' 3H*, f?\ 
rler cent. Mz2CrQ* 

F i a . 3 3 . S o l u b i l i t y C u r v e of S o d i u m 
C h r o m a t e . 
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H . Sa lkowsky o b t a i n e d t h e hexahydrate, 
N a 2 C r 0 4 . 6 H 2 0 , acc iden ta l ly f rom t h e m o t h e r -
l iquors of a soln. o u t of wh ich t h e sa l t , ^ 
N a 2 C r 0 4 . 4 H 2 0 , h a d b e e n crys ta l l ized . I t c rys ta l l ized in tr icl inic p la tes , a n d 
fu r the r c rops were o b t a i n e d b y seeding s a t . soln. of s o d i u m c h r o m a t e w i th i t . 
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The percentage solubility of the hexahydrate—stable between 19-526° and 25-90°, 
F ig . 33—is : 

1 7 7 ° 19-2° 21 2° 24-7° 26-6° 
S . . 43-65 44-12 44-64 45-75 46-28 

The decahydrate, Na2CrO4-IOH2O, is the salt obtained when the soln. is crystal­
lized at ordinary temp. , and it is the form stable below 19-526°. The crystals 
obtained b y H. Moser, and J. F . John were lernon-yellow, and had a rough, metal l ic 
taste , and alkaline reaction. H . J. Brooke found that the monoclinic crystals , 
isomorphous w i th decahydrated sodium sulphate, have the axial ratios a : b : c 
= 1 1 1 2 7 : 1 : 1-2133, and yS=107° 43 ' ; V. Rosiczky gave 1-1038 : 1 : 1-2351, and 
^8=72° 28°. I . Takeuchi thought that a definite sodium trisulphatochrornate, 
2Na 2 SO 4 .Na 2 CrO 4 .30H 2 O, was formed at 25°, but Y. Osaka and R. Yoshida found 
that i t is not a definite compound. Rather is i t a solid soln. N o solid soln. ex i s t s 
a t 33°. A t 28° and 31°, the chromate exists as the tetrahydrate and i ts solubil i ty in 
the sulphate as the decahydrate decreases as the temp, rises, the molar fraction being 
0-16 at 28° and 0 0 4 at 31°. G. N . WyroubofE gave for the optical axial angle of 
the decahydrated chromate 2Y==83° 56' for red-light, and 82° 20' for green-l ight. 
F . W. Clarke gave 1-483 for the sp. gr., and V. Rosiczky, 1-526. H . K o p p said t h a t 
the crystals melt by the heat of the hand ; S. W. Johnson gave 20°—21° for the 
in.p. ; W. A. Tilden, and M. Bt^rthelot gave 23° ; J. L.. R. Morgan and H . K. Benson , 
19-92° ; and F . Mylius and R. Funk said that there is a congruent m.p. a t 21°. 
The m.p. lies in the region of instabil i ty of the hydrate since a t 19*525°, there is a 
transformation into the hexahydrate wi th partial melt ing. T. W . Richards and 
Gr. L. Kel ley suggested this incongruent m.p. as a fixed point in thermometry . 
G . T a m m a n n found that the transition temp. , 0, for N a 2 C r O 4 . 1 0 H 2 O ^ N a 2 C r O 4 . 6 H 2 O 
+ 4 H 2 O , is lowered b y an increase of press, p kgrms. per sq. cm. , so tha t : 

jy . . . 1 4OO 0OO IOOO 2 3 0 O 3 0 5 0 
6 . . . 1 9 - 6 0 ° 1 8 - 5 0 ° 1 7 - 5 0 ° 1 4 - 9 0 ° 7 -00° 0 0 0 ° 
dp/0 . . 350 200 150 165 HO 

This agrees wi th R. Hollmann's observations that the decahydrate contracts on 
fusion 0-010 c.c. per gram of salt. H . J. Brooke, and T. Thomson said t h a t the 
crystals effloresce very rapidly in cold, dry air ; and, added H. Moser, they become 
mois t only in a damp. atm. H. Lescoeur found that the vap . press, of the sat. soln. 
is 10-6 mm. a t 20° so that if the partial press, of the water-vapour in atm. air 
exceeds this, the salt will be deliquescent. F . Mylius and R. F u n k found the 
percentage solubility of the decahydrate—stable below 19-256°—is : 

0° 10*0° 18-5° 19'5° 21-0° 
S . • 2404 33-41 41-65 44*78 47-4O 

Observations on the solubil ity were made b y F. Kohlrausch, F . Mylius and R. Funk , 
I . Takeuchi, and H . Salowsky. T. W . Richards and co-workers gave for the 
transit ion point between the decahydrate and the hexahydrate 19-525° to 19-63° 
w i t h 44-2 per cent. Na 2 CrO 4 ; T. W. Richards and R. C. Wells , 26-6° ; 
T. W . Richards and G. L.. Kel ley gave 25-90° and H. Salkowsky 26-6° with 46-3 
per cent . Na 2 CrO 4 for the transit ion point between the hexahydrate and the tetra­
hydrate ; and F . Mylius and R. Funk, about 68° with 55-2 per cent. Na 2 CrO 4 
for the transit ion t emp, between the tetrahydrate and the anhydrous salt . 
J . Zeltner gave —4-9 for the eutect ic t emp, between ice and the decahydrate . The 
percentage solubilit ies can be summarized : 

0° 10° 19-525° 21-2° 25-90° 40° 68° 80° 100° 
S • . 241 3 3 - 4 4 4 - 2 4 4 - 6 4 6 - 3 4 9 O 5 5 - 2 5 5 - 3 5 5 - 8 

* v v ^ , „ , 
lSTaaCrO4.10H2O JSTa2CrO^eH2O 2STa2CrO4.4H2O JSTa2CrO4 

The results ar$ p lo t ted in Fig . 34 . There is a metastable region ; F . Mylius and 
R. F u n k g a v e for the solubil i ty in this region 47-4 per cent. Na 2 CrO 4 a t 21° wi th 
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t h e d e c a h y d r a t e a s solid p h a s e ; a n d t h e t r a n s i t i o n p o i n t 19-987° for t h e d e c a h y d r a t e 
a n d t e t r a h y d r a t e . E . W . W a s h b u r n a n d E . R . S m i t h g a v e 19-51 for t h e t r a n s i t i o n 
t e m p . F . A . H . S c h r e i n e m a k e r s obse rved t h a t in t h e t e r n a r y s y s t e m : N a 2 O -
CrO 3 -H 2 O a t 30°, w h e n c o n c e n t r a t i o n s a re expressed in pe r cen t ages , 

C r O 3 
3STa2O 

S o l i d s 

C r O 3 
N a 2 O 

Sol ida 

O 2 - 0 
4 2 O 4 1 - 4 4 v ............ -̂  

X a O H - H 2 O 

. 4 8 - 7 O 5 5 0 9 
1 6 - 4 9 1 4 - 4 4 

N " a a C r a 0 7 . 2 H 

1 0 - 2 1 
2 9 - 7 0 

N a 2 C r O 4 

6 6 - 1 3 
1 3 - 7 O 

1 0 - 2 2 1 0 - 7 4 
2 9 - 3 9 2555 

N a 4 C r O 6 . 1 3 H a O 

6 7 - 3 7 6 8 - 4 6 
1 2 - 5 O 1 0 - 9 5 

1 9 - 2 6 2 8 - 8 2 4 8 - 7 O 
2 2 - 9 8 1 7 - 8 8 1 6 - 4 9 

N a 2 C r O 4 . 4 H 2 O 

6 6 - 8 8 6 5 - 7 2 6 4 - 4 8 
9 - 8 5 6 - 3 1 4 - 5 1 

2 0 N a 2 C r 3 O l o . H a O N a 2 C r 4 O 1 5 . 4 H 2 O CrO:: 

T h e so lubi l i ty cu rve ah refers t o t h e solid p h a s e c h r o m i c ac id ; be, t o Na2Cr4OV j .4H.>O ; 
cd, t o N a 2 C r 3 O 1 0 . H 2 O ; de9 t o N a 2 C r 2 0 7 . 2 H 2 0 ; ef, t o N a 2 C r 0 4 . 4 H 2 0 ; Jg" t o 
N a 4 O r O 5 . 1 3 H 2 O ; gh, t o N a 2 C r O 4 ; a n d hi, t o N a O H . H 2 O . T h e basic sal t , s o d i u m 
o x y c h r o m a t e , N a 4 C r O 5 . 1 3 H 2 O , or N a 2 O . N a 2 C r 0 4 . 1 3 H 2 0 , w a s o b t a i n e d b y F . Myl ius 
a n d R . F u n k f rom a n a q . soln. of c h r o m i u m t r i ox ide sa t . w i t h sod ium h y d r o x i d e . 
T h e pale-yel low c ry s t a l s m e l t a t 50° wi th t h e s e p a r a t i o n of sod ium chroma, te . T h e 

Afc£0 

AteO//. /¥2i 

i,Cr30„.Ht0 

CrO3 

F i a . 34 .—Equi l ibr ium Diagram 
for the Ternary S y s t e m : 
Na 1 1 O-CrO 3 -H 2 O &t 30° . 

WO 

^ 80 

%eo 

( ^ ZO 

' 0 20 40 60 80 /00 
Per cent. R2CrO49 in crystals 

F i a . 35 . — Crystall ization of 
Mixed. Solut ions of Alkali 
Chromates and Sulphates . 

V I \ 
IJ 
I j 

I l 

if 

El 

^ 
"Tr 

aq . soln. s a t u r a t e d a t 18° c o n t a i n s 37-5 p e r cen t , of t h e a n h y d r o u s sal t , a n d h a s a 
sp . gr . 1*446 ; a n d in soln. t h e sa l t is p r o b a b l y h y d r o l y z e d . F . A. H . S c h r e i n e m a k e r s 
sa id t h a t i t d issolves u n d e c o m p o s e d in wa te r , a n d t h e aq . soln. a t 30° h a s 41-3 p e r 
cent , of t h e sa l t . F . Myl ius a n d R . F u n k g a v e for t h e p e r c e n t a g e so lub i l i ty : 

S 

E . F l a c h s t u d i e d t h e e q u i l i b r i u m b e t w e e n m i x e d soln. of s o d i u m c h r o m a t e a n d 
s u l p h a t e a t 70° a n d t h e r e su l t s a r e s u m m a r i z e d in F ig . 35 . W i t h soln. c o n t a i n i n g 
22, 62, 82, 91*5, a n d 96-5 p e r cen t , of N a 2 C r O 4 , t h e s e p a r a t e d c rys t a l s h a d , respec-

0 ° 
1-87 

10° 
3 5 - 5 8 

20-5° 
3 8 - 0 5 

27-7° 
4 0 - 0 9 

3 5 ° 
4 4 - 0 9 

37° 
4 5 1 3 

t ive ly , 0-21, 1-79, 3-45, 10-99, a n d 62-91 p e r c e n t 
84-43, a n d 31-50 p e r cen t . N a 2 S O 4 ; a n d 0-63, 2 0 7 
of w a t e r . 

F . Myl ius a n d R . F u n k g a v e 1-409 for t h e sp . gr . of a soln. s a t . a t 18 
dweiller , for soln . w i t h 0-0533, 0-1066, 1-066, a n d 
a t 18°, r e spec t ive ly 1-0077, 1 0 1 5 2 , 1-1442, a n d 1 
H . P . B a s s e t t , for soln. a t 18°, 

N a 2 C r O 4 ; 99-16, 9 6 1 4 , 94-58, 
1-99, 4-58, a n d 5-59 pe r cen t . 

A. H e y -
2-132 mols N a 2 C r O 4 p e r l i tre 
2758 : a n d H . C. J o n e s a n d 

N a 2 C r O 4 
S p . g r . 

. 0 * 8 1 
1 0 0 7 5 

1 -6O 
1 0 1 5 2 

3 - 1 5 
1 0 2 8 7 

6 - 1 4 
1 - 0 5 6 1 

8 - 9 8 
1 0 8 3 4 

1 1 - 6 9 
1 - 1 1 0 0 

1 4 * 2 8 p e r c e n t 
1 - 1 3 6 6 

K . F . S lo t t e f o u n d t h e s p . gr . of a q . soln. c o n t a i n i n g 5-76, 10-62, a n d 14-81 p e r cent , 
sod ium c h r o m a t e t o b e respec t ive ly 1-0576 a t 17-4°/4°, 1-1125 a t 17-174° , a n d 
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1-1604 at 2 0 7 ° / 4 ° ; and the viscosities (water 100), respectively a t 10°, 117, 140-9, 
and 174 ; a t 20°, 90-8, 108-3, and 132-5 ; a t 30°, 72-8, 86-6, and 105-5 ; and a t 
40°, 59-8, 71-3, 85-9. J. L. R. Morgan and E . Schramm gave for the surface tension 
6 dynes per cm. : 

:Na„Cr04 

e 
4*45 

71-64 
12-67 
73-35 

2 4 0 5 
76-48 

34-91 
81-52 

45-25 
89-73 

49*81 
95-36 

53-13 per cent 
97-46 

For the observations of Li. J. Simon on the viscosity of the soln. vide infra, potass ium 
chromate. J. J. Coleman found that normal soln. of sodium molybdate , chromate, 
and tungstate diffused so that respectively 28, 25, and 17 per cent, rose 75 m m . in 
30 days at 12-5°. J. C. G. de Marignac found for the sp. ht . between 21° and 52°, 
for soln. wi th 25, 50, 100, and 200 mols of water per mol of Na2CrO4 , respectively 
0-7810, 0-8560, 0-9134, and 0-9511. The subject was discussed by N. de Kolos-
sowsky. Gr. Tamman observed the lowering of the vap. press, for soln. wi th 7-50, 
30-88, 47-19, and 72-43 grms. of Na2CrO4 per 100 grms. of water, respectively 13-3, 
61-6, 102-2, and .159-3 mm. of mercury—vide supra, for H. Lescoeur's observation. 
H. C. Jones and H. P. Bassett found the lowering of the f.p. for soln. wi th 0-1, 0-3, 
0-6, and l-() mols of Na2OrO4 per litre to be respectively 0-450°, 1-230°, 2-345°, and 
3-800°. F . Morges #ave for the heat of neutralization of aq. soln. (H 2 Cr0 4 , 2NaOH) 
= 2 3 - 6 7 CaIs. at 18° ; J. Thomsen, (H2CrO4(400 aq.) ,2NaOH(400 aq.)) = 2 4 - 7 2 CaIs., 
or, according to M. Berthelot, 28-72—30(0—18) CaIs. at 0° ; and 2HoCrO4(SOO aq.) 
-+-8NaOH(1600 aq.)-^2Na2CrO4 a q . + 4 N a O H a q . + 5 0 - 3 2 8 CaIs. at 18°. W. G. Mixter 
gave for the heat of format ion: C r - f - 3 N a 2 0 2 ^ N a 2 C r 0 4 + 2 N a 2 0 - h l 5 8 - 8 CaIs.; 
C r 2 0 3 c r y 8 t -4-3Na 2 O 2 =2Na 2 CrO 4 - f -Na 2 O + 108-0 CaIs. ; and (CrO35Na2O) = 77-0 
CaIs. M. Berthelot found for the heat of soln., Na 0CrO 4 with 360 to 720 mols of 
water, 2-2 CaLs. at 10-5° ; Na 2CrO 4 .4H 2O with 650~mols of water, —7-6 CaIs. a t 
11° ; and Na2CrO4-IOH2O with 760 mols of water, —15-8 CaIs. at 10-5°. Accord­
ingly, the heat of hydration is (Na2CrO4soi id,10H2Oii f lU[ ( |) = 18-0 CaIs. at 10-5° ; 
and the heat of fusion of the decahydrate is —12-3 CaIs. at 10-5°, and —13*4° CaIs. 
a t 23°. A. Heydweiller found the eq. conductivity , A mhos, at 18° for 0-10662V-, 
0-533iV-, 1-0662V-, and 4-264^V-SoIn. to be, respectively, 81-84, 65-73, 56-96, and 2 9 0 5 . 
R. Lenz, and H. C. Jones and H. P . Basset t made some observations on this subject, 
and C. Watkins and H. C. Jones gave for the mol. conductivi ty , /JL mhos , for a mol 
of salt in v litres of water : 

i> . . 4 8 1« 3 2 1 2 8 5 1 2 1 0 2 4 

I O° . 7 4 - 7 6 8 3 - 5 6 9 0 - 7 4 9 8 1 6 H O - 4 0 1 1 8 - 3 2 114*60 

15° . 1 1 3 - 4 125 -3 1 3 7 - 8 1 4 8 - 6 1 6 8 - 4 1 7 6 - 2 1 7 3 - 6 
2 5 ° . 156*5 1 7 1 - 3 185-1 2 0 6 - 7 2 1 9 - 5 2 1 6 - 9 
3 5 ° . 187 -9 2 0 7 - 6 2 2 4 - 3 252*2 2 7 O l 2 6 2 - 3 

The percentage ionizations at 0° and 35° are : 
v . 4 8 16 32 128 512 
0° . . 63-2 70-6 76-7 82*9 93*3 1 0 0 0 
35° . . — 69-6 76-8 83-0 93-4 1 0 0 0 

A. Berthoud observed no m a x i m u m in the conduct iv i ty curve. P. Diillberg 
studied the electrometric titration with hydrochloric acid. For the electrolysis 
of soln. of the chromate, vide infra, sodium dichromate. H . Ollivier studied the 
paramagnet i sm of the salt. H. S t a m m measured the solubility of the salt in 
aq. ammonia , and found that soln. with 0 and 3-3079 mols N H 3 per 100 grms. 
of water dissolve 0-3595 and 0-1147 mol Na2CrO4 , respectively. B . N e u m a n n and 
C. Exssner studied the conversion of sodium chromate t o dichromate on aq. soln. 
b y carbon dioxide under press. J. F . John, and H. Moser said tha t the decahydrate 
is sparingly soluble in alcohol ; C. A. L.. de Bruyn found 1OO grms. of absolute 
m e t h y l alcohol dissolve 0-345 grm. of Na 2 CrO 4 at 25° ; and A. N a u m a n n observed 
the salt t o be insoluble in acetone. F . E . Brown and J. E . Snyder observed no 
reaction with boil ing vanad ium oxytrichloride and anhydrous sodium chromate. 
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L. K a h l e n b e r g a n d W . J . T r a u t m a n n o b s e r v e d n o r e a c t i o n w h e n t h e c h r o m a t e is 
m i x e d w i t h sil icon a n d h e a t e d i n a h a r d glass t u b e b y a b u n s e n b u r n e r , b u t a s t r o n g 
r e a c t i o n occurs w h e n h e a t e d b y a M 6 k e r b u r n e r . J . Z e h e n t e r p r e c i p i t a t e d a m ­
m o n i u m s o d i u m c h r o m a t e , ( N H 4 ) N a C r O 4 . 2 H 2 O , b y a d d i n g a lcohol t o a m i x e d soln. 
of a m m o n i u m c h r o m a t e a n d s o d i u m c a r b o n a t e ; a n d G. N . WyroubofJ , f rom a m i x e d 
soln. of a m m o n i u m a n d s o d i u m c h r o m a t e s . T h e r h o m b i c , p r i s m a t i c c r y s t a l s a r e sa id 
t o be i s o m o r p h o u s -with t h e c o r r e s p o n d i n g s u l p h a t e , t h e ax ia l r a t i o s a r e a : b : c 
=0-4:780 : 1 : 0*8046 ; t h e op t i ca l c h a r a c t e r is n e g a t i v e ; a n d t h e op t i c a x i a l ang le s 
for r ed a n d g reen l igh t r e spec t ive ly a r e 2 i 7 a = 9 3 ° 1 5 ' a n d 80° 15 ' ; 2Z/ 0 = 108 6 O' 
a n d 129° 3 0 ' ; a n d 2 F = 8 3 ° 5 2 ' a n d 70° 5 6 ' . Accord ing t o J . Zehen te r , t h e s p . gr . is 
1-842 a t 15°. T h e sa l t decomposes b e t w e e n 150° a n d 180° w i t h t h e evo lu t i on of w a t e r 
a n d a m m o n i a . T h e a q . soln. m a d e j u s t t u r b i d w i t h a lcohol d e c o m p o s e s in l i gh t . 

Accord ing t o A . R a i m o n d i , 4 t h e yel low m i n e r a l tarapacai te f rom t h e p r o v i n c e 
of T a r a p a c a , Chili, occurs in t h e m i d s t of t h e v a r i e t y of soda -n i t r e ca l led caliche 
aztifrado, Tt is essent ia l ly a p o t a s s i u m c h r o m a t e , K 2 C r O 4 , m i x e d w i t h a l i t t le 
s o d i u m chlor ide , n i t r a t e , a n d s u l p h a t e , a n d p o t a s s i u m s u l p h a t e . I . D o m e y k o also 
o b s e r v e d i ts occur rence in t h e de se r t of A t a c a m a , Chili. T h e p r e p a r a t i o n of 
p o t a s s i u m c h r o m a t e h a s been d iscussed in connec t ion w i t h t h e e x t r a c t i o n of 
c h r o m i u m . T. T h o m s o n , a n d J . v o n J J e b i g a n d F . W o h l e r o b t a i n e d i t f rom t h e 
soln. o b t a i n e d by neu t r a l i z ing p o t a s s i u m d i c h r o m a t e w i t h t h e c a r b o n a t e . «T. v o n 
L.iebig a n d F. W o h l e r c o n v e r t e d ch romic ox ide i n t o c h r o m a t e b y ign i t ion w i t h 
p o t a s s i u m ch lo ra t e ; a n d V. K l e t z i n s k y , fused p o t a s s i u m d i c h r o m a t e w i t h t h e 
n i t r a t e . N . J . Ber l in purif ied t h e c h r o m a t e b y t r e a t i n g a soln. of t h e d i c h r o m a t e 
w i t h a soln. of b a r i u m c h r o m a t e in ch romic acid ; e v a p o r a t e d t o d r y n e s s a m i x t u r e 
of t h e f i l t ra te 'with a n excess of p o t a s s i u m c a r b o n a t e ; a n d c rys ta l l i zed t h e 
p r o d u c t from aq . soln. u n t i l i t w a s n e a r l y free from a lka l i c a r b o n a t e ; d iges ted 
t h e a q . soln. w i t h si lver c h r o m a t e ; a n d crys ta l l ized a n d rec rys ta l l i zed t h e 
c h r o m a t e f rom t h e f i l t ra te b y s p o n t a n e o u s e v a p o r a t i o n . 

N o h y d r a t e s a r e fo rmed u n d e r o r d i n a r y cond i t ions . O b s e r v a t i o n s on t h e 
so lub i l i ty of p o t a s s i u m c h r o m a t e were m a d e b y T. .Thomson , A. Michel a n d 
Li. KrafTt, H . Moser, M. Al lua rd , A . E . N o r d e n s k j o l d a n d Gr. L i n d s t r o m , A. l i l tard, 
C. v o n H a u e r , W . K o h l r a u s c h , P . K r e m e r s , M. A m a d o r i , H . Schiff, K . F . S lo t t e , 
I . K o p p e l a n d E . B l u m e n t h a l , F . F l o t t m a n n , a n d F . A. H . S c h r e i n e m a k e r s . T h e 
genera l r e su l t s show t h a t t h e p e r c e n t a g e so lubi l i ty , S9 is : 

— 1 1 - 3 3 ° — 5 - 7 5 ° O0 1()° 2 0 ° 4 0 ° 6 0 ° SO° 1 0 0 ° 105*8° 
S . 2 3 1 36-0 36-7 37-9 38-6 40-1 4 2 1 42-9 44-2 47-O 

F . F l o t t m a n n found t h e so lubi l i ty a t 15°, 20°, a n d 25° t o be 2-725, 2-764, a n d 2-799 
mols pe r l i t re , or 38*49, 38-94, a n d 39-38 per cen t . , r e spec t ive ly . T h e e u t e c t i c t e m p . , 
ice a n d K 2 C r O 4 is , a c c o r d i n g t o L . C. d e C o p p e t , —11-30° wi th 36-6 p e r cen t , of sa l t ; 
accord ing t o F . Gruthrie, —11-00° a n d 36-3 p e r cen t , of sa l t ; a n d , acco rd ing t o 
I . K o p p e l a n d E . B l u m e n t h a l , a t —11-70 a n d 35*3 p e r cen t , of sa l t . 

E . H . !Riesenfeld and A . W e s c h treated, a, cone . aq . so ln . of KB[( CrO4 )aCyB). 5H2^* wi th 
alcohol ; a red oil is prec ip i tated . Th i s is separated a n d covered -with alcohol , a n d al lowed 
to s tand for s o m e d a y s in a ca lc ium chloride desiccator, and purified b y recrystallizatiori. 
The analys i s agrees w i t h t h e tetrahydrate, IC2CrO4 .4HaO. T h e pale ye l low prisms gradually 
lose water , a n d t h e y are s l ight ly hygroscopic . The aq. so ln . is neutral , a n d it is darker 
t h a n t h a t of ordinary p o t a s s i u m chromate , a n d paler t h a n the d ichromate . 

T h e t e r n a r y s y s t e m : K 2 O - C r O 3 - H 2 O a t 30° w a s s t u d i e d b y F . A. H . Schre ine­
m a k e r s , w h o found for t h e p e r c e n t a g e solubi l i t ies : 

CrO3 . . O O-18 5-6 20-67 10-43 46-40 
K 2 O . 47 34-6 20-58 19*17 4-91 3-25 

^ v ^ v /v v - ^ 

Solids KOH.2H a O K2OrO4 K8Cr3O7 

C r O 8 . 4 4 - 4 6 4 7 - 6 5 49*73 5 5 - 8 3 6 3 1 4 6 2 - 2 8 
K 2 O . 3 - 2 5 2 -67 2 - 2 5 0 -87 0 - 5 6 — 

Solids K2Or3O1 0 K2Cr4O13 CrO3 
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T h e resul ts a re p lo t t ed in Fig . 36 ; where t he solubil i ty cu rve ab has^ ^ ^ 
p h a s e CrO 3 ; be, po tass ium t e t r a c h r o m a t e ; erf, j ™ 1 ™ ™ ? ^ ;de ^ ^ H ^ e l 
* 3 e/, c h r o m a t e ; a n d /<7, K O H . 2 H 2 0 . I . K ? p J v ? i 

a n d E . B l u m e n t h a F s resul t s a t 0°, 30°, a n d 60 
are summar ized in F igs . 37, 38, a n d 39. As 
before, ab represents t h e region w h e n t h e soUd 
phase is CrO 3 ; 6c, K 2 C r 4 O 1 3 ; ^ ' £ a £ * * ° i ° 1 £?' 
K 2 C r 2 O 7 ; e/, K 2 C r O 4 ; ^ A K O E ^ O a t 0 ; 
K O H , 2 H 2 0 a t 30° ; a n d K O H - H 2 O a t 60 
The resul ts are collected toge the r in t h e mode l , 
F ig . 4 1 , where t h e a rea ggofof refers t o t h e 
h y d r a t e s of po ta s s ium hydrox ide ; f0f

eeo> t o 

K 2 CrO 4 ; e0edd0, t o K 2 C r 3 O 7 ; d0dcco, t o K 2 C r 3 O 1 0 ; 
c0cbb0> to K 2 C r 4 O 1 3 ; b0baaQ, t o C r O 3 ; gfedcbaO, 
to ice ; and the area g0f0E'0e0Eodoc0b0a0(Oo)r t o 
the region where t he v a p . press , is 760°. E'E'p 
and EE0 are eutect ic lines. T h e b .p . for fQ is 

K0H.2Hz0 

K2Cr2O7 
Jt2Cr3O10 

K2Cr^O13 

Hz0 
F i o . 3 6 . — E q u i l i b r i u m D i a g r a m 

for tlio T e r n a r y S y s t e m 
K 2 O C r O 3 - H 2 O at 30°. 

109c E'09 K)5° 8° ; e0, 106-8° ; E0, 104-8° : d0, 114-0° ; and a(}, 127-0°. W . H e r z 

40 50 
Grams 

0 /0 
CrO3 

20 30 40 50 
JD er /00 g'rms. 

0 /0 ZO 30 
of solution 

F i o s . 37, 38, arid 39. Solubi l i ty of P o t a s s i u m C h r o m a t e in Solu t ions of Chromic Acsid. 

a n d F . H i e b e n t h a l found the solubil i ty of po ta s s ium ch roma te , £ , in t h e presence 
of n - n o r m a l BoIn. of var ious sal ts : 

NaCl 

KCl 

K B r 

{ 

MgCl2 

tCl{ 

Tl 

S 
Tl 

JS 
Tl 

& 
n 
S . 
t i 

S 

0 
8-35 

, 0 - 4 0 
7-7*5 
0 - 4 1 
7 -56 
0 4 2 
7-58 
0 - 4 5 
7-68 

0 -42 
8-11 
O-40 
7-69 
0 -82 
6-91 
G-86 
6 1 1 
0 - 8 3 
6-92 

0 - 8 6 
7*71 
1-31 
0-48 
1-24 
(5-26 
1-73 
4-3O 
1-81 
5-58 

1-73 
6-51 
1-72 
5-89 
1-78 
5-5O 
2 -27 
2 - 7 4 
2 -34 
5-OO 

2 - 5 9 
5-46 
2 -18 
5-24 
2 1 9 
5 O O 
2-76 
1-3O 
2 - 7 3 
4 - 4 3 

3-3O 
4 -79 
2 -70 
4 - 7 5 
2 -70 
4 -38 
3-26 
1 0 4 
3-76 
3-49 

3-4O 
4-57 
.—. 
— 

— 

— 
4 - 5 1 
2-87 

4 - 2 5 
4 -49 

— 

— 
— NM. 

for NaCl , £ = 8 - 7 7 0 — l - 2 4 w : for KCl , £ = 8 - 2 8 7 —l-31n ; for K B r , £ = 8 - 1 2 9 — l-39w ; 
for MgCl2 , £ = 8 - 6 9 7 — 2-68™ ; a n d NH 4 Cl , £=8-318—l-425rc . 

T h e r h o m b i c , b ipy ramida l c rys ta l s are pseudohexagona l , and , according to 
E . Mitscherl ich, h a v e t h e axial r a t ios a : b : c = 0 - 5 6 9 4 : 1 : 0-7298. W . Brendle r 
g a v e a : b : c = 0 - 5 6 9 4 : 1 : 0-7298 for c rys ta l s of t a r apaca i t e . Observa t ions on t h e 
c ry s t a l s of p o t a s s i u m c h r o m a t e were also m a d e b y I I . J . Brooke , H . B a u m h a u e r , 
H . Topsoe and C. Chr is t iansen, F . Corio, W . J , Grail ich a n d V. v o n Lang , F . Corio, 
A. H e t t i c h a n d A. Schleede, e tc . T h e h a b i t was found b y H . de S e n a r m o n t t o be 
tabular when t h e crystals a re g rown in a soln. of sod ium c a r b o n a t e ; b u t 
J . W . R e t g e r s sa id t h a t t h e c rys ta l s a r e those of K3Na(CrO^)2 , a n d n o t of po t a s s ium 
chromate . R. Marc and W. Wenk found t h a t t h e veloci ty of crys ta l l iza t ion of 
fused p o t a s s i u m c h r o m a t e is th ree - four ths t h e speed of t h a t of fused po ta s s ium 
sulphate ; O. S c h o t t , that a soln. of t h e sa l t in mol ten po t a s s ium n i t r a t e furnishes 
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crystals with a habit different from that which later obtains ; while O. Lehmann 
said that the habit of the crystals under these condit ions is unchanged. The (010)-
and (0Ol)-cleavages are clear. O, Lehmann observed the deve lopment of c leavage 
planes as the solid is heated. K- Herrmann and co-workers found the X-radiograms 
of the rhombic bipyramidal crystals of potass ium chromate have a s imple latt ice 
wi th four mols . per unit cell, w i th a = 7 - 4 5 A., 6 = 1 0 - 3 A. ; and c = 5 - 8 8 A. E . Koch-
holm and N . Schonfeldt studied the isomorphism of this salt w i th potass ium 
sulphate and selenate. H . Topsoe and C. Christiansen found that the optical 
character is negative, and the optic axial angle 2 F = 5 1 ° 40' ; and 2E=97° 30' . 
W. J . Grailieh and V. v o n Lang gave 2E=92°. A. des Cloizeaux gave 2 ^ = 1 0 0 ° 32 ' 
for red-light, 95° 40' for blue-light, and 93° 10' for blue-light. H . de Senarmont, 
and W. J. Grailieh and V. von Lang found that the optic axial angles increase 
with a rise of t emp. L. Stibing gave for the axial ratios of solid soln. of potas ­
s ium sulphate and chromate with 0-5 molar per cent, of potass ium chromate 
a : b : c—0-5727 : 1 : 0-7434 ; 0-19 per cent. , 0-5723 : 1 : 0-7436 ; 2-44 per 
cent. , 0-5719 : I : 0-7445 ; 8-26 per cent. , 0-5715 : 1 : 0-7444 ; 38-47 per cent . , 

< M I N I M / s p/i 1 1 / 
•o 80 \ -\ j J / 

^ I / *^ GO I I - . 1 , , - ^ 
^ "" I L-r-H—1—I R T I I I 
^fc\l\B\ r 
fc- r?/7 I f 
Ci £V I f I 
Vi If j I I 1 I I I 

(̂  J I I I I I 1111 0 2O 40 €0 80 /00 
Per cent. f/Vfy)2 CrO19 in sol/of 

F i a . 4 0 . S o l u b i l i t y of t h e B i n a r y 
S y s t e m : 

( N H 4 J 2 C r O 4 - K 2 C r O 4 a t 2 5 ° . 

F I G . 4 1 . E q u i l i b r i u m M o d e l f o r t h o 
S y s t e m : K 2 O - C r O 3 - H 2 O a t d***- 3n t 
T e m p e r a t u r e s . 

0-5712 : 1 : 0-7418 ; 90-59 per cent. , 0-5704 : 1 : 0-7381 ; and 100 per cent . 
0-5696 : 1 : 0-7351 when potass ium sulphate alone has 0-5727 : 1 : 0-7418. The 
topic axes of potass ium chromate are x : if* : co 
= 3 - 9 7 0 8 : 4-0113 : 5-1244, when those of potass ium 
sulphate are 3-8576 : 3-8805 : 4-9968. E . P ie tsch 
and co-workers s tudied the a t tack of the edges 
and corners of the crystals b y sulphuric acid. 

T. Ishikawa studied the sys tem : ( N H 4 J 2 S O 4 -
(NH 4 J 2 CrO 4 -K 2 CrO 4 -K 2 SO 4 ; and S. Araki found 
the solubility curves for the sy s t em (NH 4 J 2 CrO 4 -
K 2 C r O 4 - H 2 O at 25°. The curve has t w o branches 
with t w o series of solid soln., and a gap with 
between 16-75 and 55-50 molar per cent, of 
ammonium chromate, BC> Fig . 40. According to 
S. F . Schemtschuschny, the cooling curve of po­
tass ium chromate exhibi ts t w o transit ion points , 
one a t 984° corresponding wi th the crystall ization 
of the mol ten liquid, and another a t 679° corre­
sponding wi th the conversion of the solid into 
another crystalline form, F ig . 42 . This transit ion 
is a t tended by a change of the yel low into a red salt on heating. E. Groschuft* said 
that this change of colour is ev ident a t 260°, and that the change is gradual so that 

//00 

fOOO 

900 

800' 

700" 

600x 

500* 

586° 

/00 'ZO 40 60 80 
MoI.per cent. /T2SCZ, 

F m . 4 2 . — T h e ' E f f e c t o f P o t a s ­
s i u m S u l p h a t e o n t h e F r e e z i n g 
a n d T r a n s i t i o n P o i n t s of P o t a s ­
s i u m C h r o m a t e . 
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i t does n o t a p p e a r t o be connec ted w i t h t h e t r ans i t i on po in t . F . R i n n e obse rved 
t h e revers ibi l i ty of t he colour changes w h e n t h e sa l t is h e a t e d b y t h e b u n s e n flame. 
E . GroschufT placed t h e t r ans i t i on t e m p , a t 666° ; a n d A. H a r e , a t 660°. T h e a- form 
is s tab le a b o v e 666°, a n d is comple te ly miscible wi th t h e h e x a g o n a l fo rm of 
p o t a s s i u m su lpha te so t h a t t h e h igh t e m p , form is itself h e x a g o n a l ; a s t h e o r d i n a r y 
or /3-form of po tas s ium c h r o m a t e is comple te ly miscible w i t h t h e /?-form of p o t a s s i u m 
su lpha te . Ne i the r t h e f.p. curve , no r t h e t r ans i t i on curves , F ig . 42, shows a m a x i ­
m u m or m i n i m u m . M. A m a d o r i ob t a ined a s imilar equ i l ib r ium d i a g r a m . Yel low 
po ta s s ium c h r o m a t e , s tab le a t o rd ina ry t e m p . , is i somorphous w i t h p o t a s s i u m sul­
p h a t e , a n d , therefore , c a n n o t be s epa ra t ed from t h a t sa l t b y f rac t ional c rys ta l l i za ­
t ion. W. v o n B e h r e n a n d J . T r a u b e s tud ied t h e d issolut ion a n d c rys t a l l i za t ion of 
t h e sal t . R . K o l l m a n n , G. T a m m a n n a n d A. Sworyk in , E . Mitscher l ich , P . G r o t h , 
C. F . R a m m e l s b e r g , a n d J . W. R e t g e r s said t h e sa l t is i s o m o r p h o u s w i t h p o t a s s i u m 
su lpha te , se lenate , a n d p e r m a n g a n a t e . G. T a m m a n n discussed t h e p r o t e c t i o n of 
one sa l t b y a n o t h e r in t h e case of solid soln. of po t a s s ium c h r o m a t e a n d s u l p h a t e in 
a soln. of t h e su lpha te . H . Rose observed t h a t a m i x t u r e of eq . p r o p o r t i o n s of 
sod ium su lpha t e a n d po ta s s ium c h r o m a t e yields a b r i t t l e m a s s wh ich dissolves in 
w a t e r a n d yields crys ta ls resembling po ta s s ium su lpha t e . T h e opt ica l p r o p e r t i e s 
of solid soln. of po tass ium su lpha te a n d c h r o m a t e were e x a m i n e d b y Li. S t ib ing , 
G. N . Wyrouboff, and E . Mallard ; a n d t he solubi l i ty a n d sp . gr . of soln. of t h e 
t w o sa l t s were examined b y M. Herz , A. Fock , a n d M. A m a d o r i . G. Meyer s t u d i e d 
t h e appl ica t ion of the par t i t ion law t o t h e solid soln. of p o t a s s i u m s u l p h a t e a n d 
c h r o m a t e in aq . soln. M. A m a d o r i gave for t h e solubi l i ty of p o t a s s i u m c h r o m a t e 
in t h e presence of t he su lpha t e : 

K 2 S O 4 . 6 9 - 8 8 5 8 - 7 8 4 0 - 8 0 2 7 - 6 5 1 3 - 5 3 7-51 4*35 0 
KL2CrO4 . 0 0 0 2 2 - 4 4 7 5 - 3 4 140-7 2 6 6 - 5 3 1 5 - 7 3 2 4 - 5 3 3 2 - 3 

so t h a t t h e curve is in ag reemen t w i th t he resul ts ob t a ined b y A. F o c k , b u t n o t 
w i t h those of M. Herz . T h e m u t u a l solubil i ty of t h e t w o sa l t s in t h e solid s t a t e 
is comple te ; a n d t h e more soluble sa l t is a lways in g rea te r p r o p o r t i o n in t h e soln . 
t h a n in t h e crys ta ls . The solubi l i ty curve of p o t a s s i u m c h r o m a t e a n d m o l y b d a t e 
is s imilar . L . S t ib ing gave for m i x t u r e s of po t a s s ium su lpha t e a n d c h r o m a t e in 
soln. a n d solid soln., when t h e composi t ion is expressed in mo la r per cen t . K 2 C r O 4 
pe r l i t re : 

S o l n . . 0 0 7 4 1 0 - 2 6 4 2 0 - 6 2 8 1 0 - 7 5 4 3 1 0 1 9 7 1 - 8 4 5 0 2 - 6 8 6 7 
S o l i d . 0 * 0 0 5 3 0 0 2 3 3 7 0 0 2 9 4 0 - 0 3 5 5 0 1 6 0 3 0 1 8 9 2 0 - 5 7 9 5 

A. F o c k ' s resu l t s a t 25° a re s u m m a r i z e d in F i g . 42. T. V. B a r k e r s tud ied para l le l 
o v e r g r o w t h s on a lkal i su lpha t e s a n d c h r o m a t e s . H . E . B u c k l e y s tud ied t h e effect 
of c h r o m a t e s on t h e c rys ta l l i za t ion of s o d i u m ch lo ra t e . 

T. T h o m s o n g a v e 2-612 for t h e sp . gr. of p o t a s s i u m c h r o m a t e ; C. J . B . K a r s t e n , 
2-6402 ; H . K o p p , 2-705 ; L . P layfa i r a n d J . P . Jou l e , 2-711 t o 2-72309 a t 4° ; 
S. H o l k e r , 2-678 a t 15-5° ; H . Schifi, 2-691 ; F . S to lba , 2-7343 ; H . G. F . Schroder , 
2-719 t o 2-722 ; J . W . R e t g e r s , 2-727 ; A. Cavazzi , 2-691 a t 15° ; B . Gossner , 2-741 ; 
J . L . A n d r e a e , 2-7319 a t 18° ; a n d W . Spr ing , 

0° 10° 20° 40° 6()° 80° 100° 
S p . g r . . 2 - 7 4 0 2 - 7 3 7 2 - 7 3 5 2 - 7 2 9 2 - 7 2 3 2 - 7 1 1 2 - 7 0 9 5 

W . Sp r ing , a n d L . S t ib ing obse rved t h e sp . gr. of solid soln. of p o t a s s i u m c h r o m a t e 
a n d s u l p h a t e , a n d t h e va lue s ca l cu la t ed b y t h e a d d i t i v e rule : 

K2CrO4 . 0-5080 1-2065 2-7093 9-3837 40-5333 91-5450 per cent 
Sp. gr. (CaIs.) 2-6664 2-6669 2-6680 2-6732 2-6959 2-7345 
Sp. gr. (Obs.) 2-666 2-667 2-668 2-673 2-696 2-735 9\ 

F . Fouque* f o u n d t h a t t h e sp . gr . of aq . soln. of p o t a s s i u m c h r o m a t e w i t h 0-97, 
3-35, and 20-57 g r m s . of s a l t p e r 100 g r m s . of w a t e r a re respec t ive ly 1-0077 1-0268' 
a n d 1-1533 a t 0° /4° ; 1-0065, 1-0257, and 1-1500 a t 16-4°/4° ; 0-9836, 1-0013 and 
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K 2 CrO 4 . 
S p . gr. . 

1 
1-0080 

5 
1 0 4 0 2 

1 0 
1*0837 

1 5 
1 1 2 8 7 

2O 
1 1 7 6 5 

25 
1-2274 

3 0 
1-2808 

1-1165 a t 75-5°/4° ; a n d 0-9679, 0-9861, a n d 1-1065 a t 99° . O b s e r v a t i o n s were 
also m a d e b y P . K r e m e r s , R . Li. D a t t a a n d N . R . D h a r , P . F . Gaeh r , a n d 
A. Heydwe i l l e r . F o r soln. of t h e fol lowing p e r c e n t a g e compos i t i on , a t 195°, 
H . Schiff, a n d G. T . Ger lach found : 

35 40 per cent. 
1-3386 1-3991 

H . Schiff r e p r e s e n t e d h is r e su l t s for soln . w i t h p p e r cen t , of K 2 C r O 4 b y S=I 
+0-008j94-0-043324^2_|_o-064048p3 a t 19-5°. F . F l o t t m a n n found t h e s p . gr . 
of soln. s a t . a t 15°, 20° , a n d 25° t o b e , r e spec t ive ly , 1-3749, 1-3785, a n d 1-3805. 
A. Cavazz i m e a s u r e d t h e e x p a n s i o n i n vo l . w h i c h occurs w h e n p o t a s s i u m c h r o m a t e 
is d isso lved i n w a t e r . K . F . S l o t t e f o u n d t h e s p . gr . of a soln. w i t h 24-26 p e r 
c e n t . K 2 C r O 4 a t 18° t o b e 1-2335 ; a n d t h e v i scos i ty ( w a t e r 100), 133-3 a t 10° ; 
106-5 a t 20° ; 87-9 a t 30° ; a n d 74-3 a t 40° . T h e d r o p w e i g h t of t h e sa l t j u s t a b o v e 
i t s m . p . w a s f o u n d b y I . T r a u b e t o b e 238 m g r m s . ( w a t e r 100). J . W a g n e r found 
for N-, 05N-, 0 25N-, a n d 0-125iV-soln. t h e v i scos i ty ( w a t e r u n i t y ) 1-1133, 
1-0528, 1-0224, a n d 1-0116 re spec t ive ly . L . J . S i m o n m i x e d e q u i m o l a r soln. 
of c h r o m i c ac id a n d p o t a s s i u m or s o d i u m h y d r o x i d e , a n d f o u n d t h a t d iscon­
t i nu i t i e s occur i n t h e v i scos i ty cu rves w h e n t h e c o m p o s i t i o n of t h e soln. c o r r e s p o n d s 
w i t h e i the r t h e n o r m a l c h r o m a t e s or t h e d i c h r o m a t e s , t h e precise f o r m of t h e 
c u r v e s d e p e n d i n g on w h e t h e r t h e r e l a t i ve p r o p o r t i o n of t h e t w o soln. is t a k e n as 
t h e abscissa or t h e viscosi t ies for soln. of e q u i m o l a r cone , a r e c o m p a r e d . E x c e p t 
in h i g h c o n c e n t r a t i o n s , t h e viscosi t ies of eq . soln. of s o d i u m c h r o m a t e a n d s o d i u m 
s u l p h a t e , a n d of p o t a s s i u m c h r o m a t e a n d p o t a s s i u m s u l p h a t e a re iden t i ca l , a n d i t 
is c o n c l u d e d t h a t w i t h i n c e r t a i n cone , l imi t s , i s o m o r p h o u s so lu tes p r o d u c e t h e s a m e 
c h a n g e in t h e v i scos i ty of t h e a q . so lven t . T . G r a h a m m a d e some o b s e r v a t i o n s 
on t h e diffusion of p o t a s s i u m c h r o m a t e i n t o a soln. of p o t a s s i u m a c e t a t e ; a n d 
J . C. G. de Mar ignac , on t h e diffusion in t h e p resence of p o t a s s i u m c a r b o n a t e , or 
n i t r a t e . E x p e r i m e n t s on t h e diffusion of soln. of c h r o m i c acid were a lso m a d e b y 
F . Rudorff, a n d H . d e Vr ies . G. J a n d e r a n d A. W i n k e l g a v e 0*77 for t h e diffusion 
coeff. of t h e a n i o n . W . S p r i n g found t h a t w i t h t h e vol . of p o t a s s i u m c h r o m a t e 
u n i t y a t 0° , t h e vol . , v, a t different t e m p , is : 

1 0 0 1 0 6 4 
20° 

1 0 0 2 1 1 4 
30° 

1 0 0 3 1 4 0 
40° 

1 - 0 0 4 2 2 8 
60° 

1 0 0 6 4 3 9 
80° 

1 O O 9 0 2 3 
ioo° 

1 0 1 1 3 4 4 

/ooo° 

SOO,c 

800° b 

which m a k e s t h e coeff. of cub ica l e x p a n s i o n 0-00011344 b e t w e e n 0° a n d 100°, a 
r e su l t v e r y close t o t h a t o b t a i n e d b y L . P l ay fa i r a n d J . P . J o u l e ; J . Li. A n d r e a e 
g a v e 0-000101 b e t w e e n 18° a n d 56° . W . S p r i n g 
also f o u n d t h a t t h e coeff. of cub ica l e x p a n s i o n is 
v e r y close t o t h a t of a m m o n i u m a n d r u b i d i u m 
s u l p h a t e s . H . K o p p o b s e r v e d t h e s p . h t . of t h e 
c rys ta l l ine s a l t t o be 0-189 b e t w e e n 18° a n d 47° ; 
H . V. R e g n a u l t g a v e 0-1850 b e t w e e n 17° a n d 98° ; 
a n d F . E . N e u m a n n , 0-1840. J . C. G. d e Mar ignac 
g a v e for t h e s p . h t . of soln. of a m o l of p o t a s s i u m 
c h r o m a t e in 50 , IOO, a n d 200 mol s of w a t e r be ­
t w e e n 20° a n d 51° , r e spec t ive ly 0-8105, 0-8896, 
a n d 0-9407 ; whi le H . F a a s c h g a v e for 0-4992V-, 
0-99OiV-, 1-9942V-, a n d 3-986iV-K 2 Cr0 4 , r e spec ­
t ive ly 0-939, 0-898, 0-81O, a n d 0-703 a t 18°. T h e 
sub jec t w a s d i scussed b y N . d e K o l o s s o w s k y . 
J . J . Berze l ius o b s e r v e d t h a t t h e l emon-ye l low s a l t 
becomes b r i g h t r e d w h e n h e a t e d , b u t u n d e r g o e s n o 
fu r the r c h a n g e ; i t is l iable t o d e c r e p i t a t e v io l en t ly before fusion a t a r e d - h e a t , 
a n d e m i t s a g r een l i g h t d u r i n g fusion ; a n d t h e m o l t e n sa l t , sa id G. Magnus , 
c rys ta l l izes a s i t cools. H . Ie Cha te l i e r first g a v e 975° for t h e m . p . , a n d l a t e r . 
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940° ; S. F . Schemtschuschny, 984° ; E . Groschofi, 971° ; and M. Amadori, 978°. 
D . F . Smith and F. A. Hartgen studied this subject. For the transition temp. , 
vide supra. H. Ie Chatelier, E . Groschuff, and M. Amadori studied the m.p. of 
mixtures of potassium sulphate and chromate—vide Fig. 43—a continuous series 
of solid soln. is formed. M. Amadori obtained continuous series of solid soln. 
with potassium chromate and potassium molybdate or tungstate . S. F . Schemt-
schuschny studied the m.p. of the binary system K2CrO4-KCl, and found a typical 
V-curve with a eutectic at 658°, and 31-5 molar per cent, of K 2 CrO 4 ; no solid 
soln. are formed on the potassium chloride branch of the curve, but the other 
branch shows that solid soln. are formed with mixtures containing about 4 molar 
per cent, of potassium chloride, Fig. 43. F . Guthrie found that a mixture of 
potassium chromate and nitrate has a eutectic at 295° and 96-2 per cent, of the 
nitrate ; for mixtures of potassium chromate and dichromate, vide infra. The 
lowering of the f.p. of soln. of w grms. of K2CrO4 in 100 grms. of water, was 
measured by L. C. de Coppet, and F. Rudorff ; while I. Koppel and E . Blumenthal 
gave : 

K 2CrO 4 . 4-53 G-12 26-99 31-33 4 2 0 4 54-57 
Lowering f .p. 0 9 9 ° 1-2° 4-3° 5-7° 7-12° 11-37° 

For the eutectic temp., vide supra. G. Tammann gave for the lowering of the v a p . 
press, for soln. with tv grms. of K2CrO4 per 100 grms. of water, 

K 2CrO 4 . . . 10-93 14-29 26-63 34-89 46-99 53-28 
Lowering v .p . . 1 8 0 22-7 40-4 5 2 1 73-7 84-1 m m . 

I. Bencowitz and H. T. Hotchkiss, and F. M. Raoult made some observations on 
this subject. According to M. Aliuard, the b.p. of a sat. soln. of the chromate is 
104-2° a t 718 mm. ; according to P. Kremers, 107° ; and according to I. Koppel 
and E . Blumenthal , 105-8° at 760 mm. A. Hare found the heat of the polymorphic 
transformation of potassium chromate at 660° to be 2-45 CaIs. per mol. R. Lorenz 
and W. Herz studied some relations between the b.p. and critical t e m p . The 
heats of neutralization given by M. Berthelot are (CrO 3 a q < ,2KOH a c i . )=30-4 CaIs. 
a t 12° ; with the solid compounds, 95-6 CaIs. ; with K 2 Cr 2 O 7 (in 12 litres) and 
2 K O H (in 4 litres), M. Berthelot gave 23-6 CaIs., and P. Sabatier, 23-0 CaIs. ; 
and for H2CrO4 (in 8 litres) and 2 K O H (in 4 litres). M. Berthelot gave 
27-738 CaIs., and P. Sabatier, 25-4 CaIs. M. Berthelot also gave for 
(2Cr(OH)3P r e c ipi t at^d,4KOHa q . ,30)=(H-4 CaIs. at 8° ; and for solid hydroxide 
and chromate, 101-9 CaIs. F. Morges gave —5*254 CaIs. for the heat of soln. in 
543 mols of water at 19-5°. 

H . Topsoe and C. Christiansen gave for the index of refraction, 1-7131 for the 
O-line; 1-7154 for the / M i n e ; and 1-7703 for the in l ine . E . Mallard gave for 
red-light, c t = l - 6 8 7 3 , fi= 1-722, and y = l - 7 3 0 5 . F. Fouque, and R. L. D a t t a and 
N . R. Dhar measured the refractive indices of aq. soln. ; and A. Heydwei l ler 
gave for the Z>-line at 18° : 

K 2 CrO 4 . . 0-1JV- 0-2JV- 0 5IST- 1-OiV- 2OiV- 4-02V-
ft • • 1-33629 1-33732 1-34335 1-35305 1-37188 1-40709 

F . F l o t t m a n n found the index of refraction of soln. sat. at 15°, 20°, and 25° to be 
respect ively 1-43267, 1-43276, and 1-43288. H . Fromherz studied the absorption 
spectrum. L.. R. Ingersoll found Verdet's constant for the electromagnetic rotatory 
power for l ight of wave- length 0-6, 0-8, 1-0, and 1-25/u, to be respectively 0 0 0 9 2 , 
0-0060, 0-0041, and 0-0026 for soln. of sp. gr. 1-372. T. Thomson said tha t one part 
of the salt imparts a distinct yel low colour to 40,000 parts of water. The spectro­
scopic observations of H. Becquerel, W. Bohlendorff, A. £ t a r d , F . Grunbaum, 
J. M. Hiebendaal , J . H. Jones and W. W. Strong, E . Viterbi and G. Krausz^ 
O. Knoblauch , P . Sabatier, J . L. Soret, H . Settegast , A. M. Taylor, T. Aden^ 
N . R. Tawde and E . R. Paranjpe, E . Jander, and K. Vierordt have been pre-
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viously discussed. C. Schaefer and M. Schubert found in the ultra-red spectrum 
a well-defined m a x i m u m at 11-16/LC w i th soln. of potass ium chromate, and at 11-2/x 
wi th soln. of potass ium sodium chrornate. H. v o n Halban and K. Siedentopf 
studied the absorption of l ight in cells of potass ium chroma te and hydroxide soln., 
and soln. of potass ium chromate and copper sulphate in aq. ammonia . A. E . Lindh, 
D . Coster, and O. Stell ing studied the X-ray spectrum ; and D . M. Yost , the absorp­
t ion of X-rays . I. Plotnikoff and M. Karshulin measured the absorption spectrum 
and the region of photochemical sensi t iv i ty for soln. of potass ium chromate in 
colloidion f i lms—with methy l alcohol as acceptor. A. Kail an found tha t an aq. 
soln. of potass ium chromate is reduced b y radium rays more slowly than potass ium 
dichromate. B . Montignie observed that after exposure to ultra-violet l ight, 
potass ium chromate affects a photographic plate. 

J. A. F leming and J. Dewar found that the dielectric constant of water is raised 
a l itt le by potass ium chromate, and a t —88-5°, the dielectric constant of the frozen 
mixture is be tween 3 and 10—when wi th ice alone, the constant is 2*5. W. Schneider 
studied the piezoelectric effect ; P . Walden, and A. Heydweil ler , the electrical 
conduct iv i ty of aq. soln. P . Walden gave for the eq. conduct iv i ty , A mhos , at 8°, 
wi th a gram-equivalent of the salt in v litres, 

V 
A 

32 
129 6 

64 
136-3 

128 
141-3 

256 
145-5 

512 
148-3 

1024 
150*4 

H. C Jones and C A . Jacobson measured the molar conductivity , / / , mhos , between 
0° and 35°, and A. M. Clover and H. C. Jones , between 35° and 65°, for a mol of 
the salt in v litres ; and calculated values for the percentage ionization, a, ; 

o° . 
125° 
25° 
35° 
50° 
65° 
o° 

35° 

102-9 
136-6 
176-6 
211 
266 
316 
63-7 
59-6 

118-6 
161-9 
209 
251 
317 
381 
73-5 
70-4 

125-6 
174-3 
228 
273 

77-8 
76-6 

132-8 
185-2 
242 
290 
366 
445 
82-5 
81-4 

149-3 
204 
270 
323 
415 
429 
92 5 
90-6 

156-8 
219 
29O 
349 
442 
548 
97-2 
98-1 

160 
223 
294 
352 

99-1 
98-8 

161-4 
225 
298 
356 

— 
IOOO 
IOOO 

16 32 128 512 1024 2048 

1 
•i 

Conductivi ty observations were also made b y R. Lenz, and K. B o u t y . N . R. T)har 
said that electrical conduct iv i ty and coagulat ion experiments agree that in soln. 
the dichromate is in part present as KHCrO 4 . F . Morges observed that in the 
electrolysis of an aq. soln. of the chromate, potass ium hydroxide accumulates about 
the cathode, and the oxygen g iven off at the anode forms dichromate—vide supra. 
chromic acid. As indicated in connect ion wi th chromic acid, calculations on the* 
degree of ionization are unsatisfactory on account of the conversion of chromates 
to dichromates in aq. soln. J. Lundberg's observations on the hydrolysis of these 
soln. were indicated in connection wi th chromic acid. The aq. soln. has an alkaline 
reaction towards lacmoid, l i tmus, and phenolphthalein, and observations on this 
subject were made b y M. M. Richter, R. T. Thomson, and J. A. Wilson. H. M. Vernon 
est imated the degree of ionization from the colour. G. Baborovsky studied the 
electrolytic reduction of the salt ; and P . Diillberg, the electrometric t itration with 
hydrochloric acid. L. A. WeIo gave 0-04 X 10~~~6 for the magnet ic susceptibil ity. 
G. Gore electrolyzed fused potass ium chromate and obtained a deposit on the 
cathode. 

J. Obermiller measured the hygroscoposity of the crystals. H . Moser said that 
potassium chromate is no t decomposed when heated to redness—vide supra, 
chromium trioxide. W . IpatiefE and co-workers found that hydrogen under a 
press, of 200 a tm. reduces soln. of potass ium chromate ; and with a soln. of potassium 
chromate and sulphuric acid, Cr2(SO4)S-Cr2O3-K2ChH2O is formed. G. Gore 
observed that the salt becomes red in compressed hydrogen chloride, but in liquid 
hydrogen chloride it is neither changed nor dissolved. A. C. Robertson studied 
the action of potass ium chromate on hydrogen dioxide : 2 K 2 C r O 4 H - H 2 O 2 = K 2 C r 2 O 7 

270 
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+ 2 K O H + 0 — v i d e supra, p o t a s s i u m d i c h r o m a t e ; a n d vide supra, c h r o m i c aoid . 
G, Grasser a n d T. N a g a h a m a found t h a t t h e r educ t ion w i t h m a n y r e d u c i n g a g e n t s 
is incomple te unless a n acid be p r e sen t . J . W . T h o m a s found t h a t t h e sa l t is 
decomposed b y d ry hyd rogen chlor ide forming p o t a s s i u m ch lor ide a n d d i c h r o m a t e ; 
t h e d i ch roma te is t h e n c o n v e r t e d i n t o c h r o m i u m t r iox ide , a n d t h i s is t h e n r e d u c e d 
t o a b rown chromic ox ide w i t h o u t fo rming c h r o m y l ch lor ide . M. B o b t e l s k y s t u d i e d 
t h e ox ida t ion of cone, hydroch lo r ic ac id b y po ta s s ium c h r o m a t e . W . B . Morehouse 
found t h e X - r a y abso rp t ion of t h e s y s t e m : K 2 C r 2 O 7 + 1 6 K I + 1 4 H C l - > 8 K C l 
+ 2 C r C l 3 + 4 I 2 + 8 K I + 7 H 2 0 is 0-25 per cent , g rea t e r af ter t h e r eac t ion t h a n i t is 
before. E . R a m a n n a n d H . Sall inger measu red t h e p r ec ip i t a t i on r a t i o , i.e. t h e 
ra t io in which silver divides itself be tween t h e i o d a t e a n d c h r o m a t e in t h e 
react ion : K 2 C r 0 4 + 2 A g I O 3 =^2 K I O 3 + A g 2 C r O4 . J . L . L.asssaigne found t h a t w h e n 
hea ted wi th su lphur , chromic oxide and p o t a s s i u m s u l p h a t e a n d su lph ide a r e 
formed : 8 K 2 C r 0 4 + ( 3 n - f 5 ) S = - 5 K 2 S 0 4 - f - 3 K 2 S w + 4 C r 2 0 3 ; ini t ia l ly , sa id O. p o p p i n g , 
some th iosu lpha te is p roduced . K. B r u c k n e r sa id t h a t w h e n t h e m i x t u r e of 
c h r o m a t e a n d su lphur is hea ted for a sho r t t ime , p o t a s s i u m su lph ide a n d t h i o ­
su lpha t e are formed, a n d a f te rwards po tass ium s u l p h a t e a n d po lysu lph ide as well 
as chromic sulphide and oxide. As t h e hea t ing con t inues , t h e su lph ide is s lowly 
oxidized, a n d the end-produc t s arc po ta s s ium su lpha te , a n d ch romic ox ide w i t h t r a ce s 
of ch roma te s , a n d ch romium sulphide. J . B . Senderens r e p r e s e n t e d t h e r e a c t i o n 
when t h e aq. soln. is boiled wi th su lphur , b y 6 K 2 C r O 4 + 1 5 S + 9 H 2 O = 6 C r ( O H ) 3 
+ 5 K o S 2 O 3 + K 2 S 5 ; and O. Dopp ing , t h e reac t ion w i t h p o t a s s i u m p e n t a s u l p h i d e , 
b y 8 K 2 C r O 4 + 2 K 2 S 5 + 5 H 2 O = 5 K 2 S 2 O 3 + 1 0 K O H + 4Cr 2 O 3 . T h e r e a c t i o n b e t w e e n 
t h e h e a t e d sa l t a n d d r y hydrogen sulphide was found b y W . Miiller t o furnish w a t e r , 
p o t a s s i u m a n d chromium sulphides a n d chromic oxide ; w i t h a n aq . soln. of t h e 
c h r o m a t e , s a t u r a t e d w i th sod ium hydrox ide , T. Lr. P h i p s o n found t h a t g reen 
ch romic h y d r o x i d e is p rec ip i ta ted—v ide infra, c h r o m i u m su lph ide . W . R . H o d g k i n -
son and J . Y o u n g s tud ied t h e ac t ion of d r y su lphur d ioxide on t h e sa l t . W . Miiller 
r ep re sen t ed t h e reac t ion be tween t h e hea ted sa l t a n d t h e v a p o u r of c a r b o n disul-
p h i d e b y 2 K 2 C r 0 4 + 5 C S 2 = 2 K 2 S 3 + C i 2 S 3 + 4 C O + C 0 2 + S 0 2 . P . B e r t h i e r sa id 
t h a t su lphu r d ioxide p rec ip i t a tes b rown chromic c h r o m a t e f rom a n aq . soln. of 
po t a s s ium c h r o m a t e . The p rec ip i t a te t h e n dissolves forming a g reen l iqu id con­
t a i n i n g p o t a s s i u m hydrox ide , chromic oxide a n d su lphur ic , s u l p h u r o u s , a n d d i th ion ic 
ac ids . I \ J o b found t h a t 0-01 t o G-OOIiIf-K2CrO4, r e ac t s w i t h su lphur ic acid, so 
t h a t t h e reac t ion C r O 4 " + H " ^ H C r O 4 / has a n ioniza t ion c o n s t a n t ^ ^ 7 x l O - r > a t 
15°. E . P i e t s ch a n d co-workers s t ud i ed t h e surface cond i t ions in t h e r eac t i on 
b e t w e e n p o t a s s i u m c h r o m a t e a n d su lphur ic acid. E . C. F r a n k l i n a n d C. A. K r a u s 

• f o u n d t h e c h r o m a t e t o be insoluble in l iquid a m m o n i a . H . S t a m m found t h a t 
soln . w i t h O, 1*350, a n d 3-517 g r m s . of N H 3 pe r 1OO g rms . of w a t e r dissolve 0-3218, 
0-0324, a n d 0-0036 mol of K 2 C r O 4 respect ively . R . C. Woodcock , a n d F . Mohr 
found t h a t w h e n t h e c h r o m a t e is dist i l led wi th a m m o n i u m chloride a n d w a t e r , 
a m m o n i a a n d p o t a s s i u m d i c h r o m a t e a re formed. F . S a n t i found t h a t a m m o n i u m 
chlor ide c o n v e r t s c h r o m a t e s t o d i c h r o m a t e s a n d d i ch roma tes t o ch romic acid * a n d 
E . D i v e r s t h a t c h r o m a t e s r e a c t w i t h a soln. of a m m o n i u m n i t r a t e in aq . a m m o n i a . 
H . P . C a d y a n d R . Taf t obse rved t h a t po tas s ium c h r o m a t e is app rec i ab ly soluble 
in p h o s p h o r y l chlor ide . J . T . Cooper observed t h a t a yel low soln. of c h r o m a t e 
g r a d u a l l y t u r n s green in t h e p resence of arsenic t r iox ide . H . Moser obse rved t h e 
d e c o m p o s i t i o n of p o t a s s i u m c h r o m a t e m i x e d wi th ca rbon a n d h e a t e d p o t a s s i u m 
c a r b o n a t e a n d ch romic oxide a re formed. E . Fle ischer observed t h a t t h e aq . soln. 
of t h e c h r o m a t e a t t r a c t s c a r b o n d ioxide f rom t h e a t m . W h e n t h e c h r o m a t e is 
h e a t e d in a c u r r e n t of c a r b o n m o n o x i d e , F . Gobel observed t h a t ch romic oxide 
i s f o r m e d ; a n d K . S t a m m e r a d d e d t h a t po t a s s ium ca rbona t e , c a r b o n d iox ide a n d 
p o t a s s i u m c h r o m i t e a r e a lso p roduced- J . J a c o b s o n found t h a t w h e n c a r b o n ' ffun 
c o t t o n , a n d o t h e r o rgan ic subs t ances a r e soaked in a soln. of p o t a s s i u m c h r o m a t e 
a n d d r i ed , t h e y b u r n m o r e v igorous ly t h a n before. F . W . O. de Coninck obse rved 
t h a t 100 g r m s . of a soln. of glycol s a t . a t 15-4, con t a in 1-7 g r m s . of p o t a s s i u m 



C H R O M I U M 2 5 7 

c h r o m a t e . A. N a u m a n n found t h e c h r o m a t e t o b e insoluble in benzoni t r i le , a n d 
in m e t h y l a c e t a t e ; a n d A. N a u m a n n , a n d W . E i d m a n n , insoluble in a c e t o n e . I t 
is also insoluble in a lcohol . F . Grobel found t h a t p o t a s s i u m c h r o m a t e is p a r t i a l l y 
decomposed w h e n h e a t e d in ca rbon monox ide , a n d chromic ox ide is fo rmed . 
G. Stadnikoff s t ud i ed t h e a d s o r p t i o n of po t a s s ium c h r o m a t e b y ani l ine-black. 
S. Glass tone a n d co-workers s t u d i e d t h e effect of t h e c h r o m a t e on t h e solubi l i ty 
of e t h y l a lcohol . F . T a s s a e r t obse rved t h a t w h e n t h e c h r o m a t e is h e a t e d w i t h 
ace t ic acid a n d alcohol , i t is p a r t l y t r a n s f o r m e d i n t o po t a s s ium a n d chromic a c e t a t e s . 
Accord ing t o F . Tassaer t , m a n y ac ids—sulphur ic , hydrochlor ic , n i t r ic , a n d ace t i c 
a c i d s — a b s t r a c t half t h e alkal i , a n d form p o t a s s i u m d i ch roma te , which, if t h e soln. 
be sufficiently concen t r a t ed , is p rec ip i t a ted—v ide supra, c h r o m i u m t r iox ide . 
E . Schweizer sa id t h a t ca rbonic ac id ac t s s imilar ly , a n d F . Margue r i t t e , bor ic ac id ; 
b u t F . Mohr a d d e d t h a t bor ic a n d silicic ac ids , a n d p o t a s s i u m h y d r o c a r b o n a t e do 
n o t a c t in th i s w a y . b u t t h a t formic, ace t ic , b u t y r i c , a n d va ler ian ic ac ids do t r a n s ­
form c h r o m a t e i n t o d i c h r o m a t e . If soln. of t h e p o t a s s i u m sa l t s of one of these 
four acids be e v a p o r a t e d w i t h p o t a s s i u m d i c h r o m a t e , p o t a s s i u m c h r o m a t e is 
formed. F . Mohr a d d e d t h a t p o t a s s i u m h y d r o c a r b o n a t e ac t s s imilar ly . Accord ing 
to E . Schweizer, a soln. of p o t a s s i u m d i c h r o m a t e w i t h s o d i u m s t e a r a t e p rec ip i t a t e s 
s tear ic ac id ; benzoic ac id forms p o t a s s i u m b e n z o a t e a n d d i c h r o m a t e w h e n t r e a t e d 
w i t h p o t a s s i u m c h r o m a t e , a n d w h e n t h e soln. is e v a p o r a t e d , p o t a s s i u m c h r o m a t e 
a n d benzoic ac id a re re formed. A soln. of sod ium ' benzoa t e a n d p o t a s s i u m di­
c h r o m a t e does n o t yield c h r o m a t e on evapo ra t i on . Salicylic ac id behaves like 
benzoic acid . N o r m a l p o t a s s i u m u r a t e r eac t s w i t h t h e c h r o m a t e forming ur ic ac id 
a n d p o t a s s i u m d i c h r o m a t e . M. Ber the lo t , a n d P . S a b a t i e r s t ud i ed t h e r eac t ion of 
t h e c h r o m a t e w i t h acids . Accord ing t o J . W . Dobere iner , a soln. of b a r i u m h y d r o x i d e 
gives a q u a n t i t a t i v e p r ec ip i t a t e of b a r i u m c h r o m a t e . Accord ing t o L . Meyer , a n 
aq . soln. of p o t a s s i u m c h r o m a t e in c o n t a c t w i t h c rys ta l s of coppe r s u l p h a t e , si lver 
n i t r a t e , m e r c u r o u s n i t r a t e , o r mercur i c chlor ide forms p o t a s s i u m d i c h r o m a t e a n d a 
l i t t le basic c h r o m a t e is p r e c i p i t a t e d ; l ead a c e t a t e is n o t c h a n g e d ; coba l tous 
chlor ide gives a p rec ip i t a te—v ide supra, r eac t ions of c h r o m a t e s . K . W . FlorofE 
s tud ied t h e r eac t ion B a S O 4 + K 2 C r O 4 = K 2 S O 4 + B a C r O 4 . Lu K a h l e n b e r g a n d 
W . J . T r a u t m a n n obse rved n o r eac t ion w h e n t h e c h r o m a t e m i x e d w i t h silicon is 
h e a t e d in a h a r d glass t u b e b y a b u n s e n bu rne r , b u t t h e r e is a s t r o n g r e a c t i o n w h e n 
h e a t e d b y a m e k e r bu rne r . A. C. R o b e r t s o n r e p r e s e n t e d t h e reac t ion w i t h v a n a d i c 
a c i d : 2 K 2 C r O 4 + H 2 O 2 + H V O 3 - K 2 C r 2 O 7 + 2 K O H + H V 0 4 . K. F . R e e d a n d 
S. C. H o r n i n g showed t h a t p o t a s s i u m c h r o m a t e in a q . soln. is a b s o r b e d b y z inc , 
possibly as p o t a s s i u m or zinc c h r o m a t e . 

S. W . J o h n s o n cooled b y a freezing m i x t u r e a h o t soln. of p o t a s s i u m d i c h r o m a t e 
in cone, a m m o n i a , a n d o b t a i n e d c rys ta l s of a m m o n i u m potas s ium c h r o m a t e , 
( N H 4 ) K C r O 4 ; E . K o p p o b t a i n e d t h e s a m e sa l t b y e v a p o r a t i n g t h e soln. over 
caus t ic a lka l i . T h e r h o m b i c , pa le su lphur -ye l low p r i sms a re i somorphous w i t h 
p o t a s s i u m s u l p h a t e . E . M a u m e n e sa id t h a t t h e s a l t t u r n s b r o w n a t 240° owing to 
t h e fo rma t ion of t h e c h r o m a t e of a b a s e N 2 H 6 O , a n d t h a t t h e sa l t is comple te ly 
decomposed a t 270° l eav ing res idua l ch romic ox ide . P . S a b a t i e r g a v e 10-6 CaIs. 
for t h e h e a t of f o r m a t i o n f rom a soln. of p o t a s s i u m d i c h r o m a t e ; or 15-5 CaIs. f rom 
the solid sa l t s ; t h e h e a t of soln. for 1 7 3 4 - g r m s . of s a l t i n 40 t i m e s i t s we igh t of 
wa t e r a t 17° is —5-3 CaIs. S. W . J o h n s o n found t h a t t h e sa l t loses a m m o n i a when 
exposed t o air , a n d w h e n t h e soln. is boi led or e v a p o r a t e d t h e r e r e m a i n s po t a s s ium 
d i c h r o m a t e . F . K o p p sa id t h a t s o d i u m t h i o s u l p h a t e h a s n o ac t ion in t h e cold, 
b u t w h e n h e a t e d , c h r o m i c c h r o m a t e is fo rmed. A. E t a r d ' s ana lys i s ind ica tes t h a t 
t h e sa l t is m o n o h y d r a t e d ; b u t S. W . J o h n s o n ' s ana lys i s shows t h a t t h e sa l t is 
a n h y d r o u s . J . Z e h e n t e r p r e p a r e d 2 ( N H 4 J 2 C r O 4 ^ K 2 C r O 4 , b y a d d i n g a n eq. of 
po t a s s ium c a r b o n a t e t o a cone . soln . of a m m o n i u m d i c h r o m a t e , a n d p rec ip i t a t ing 
wi th alcohol . T h e su lphur -ye l low needles h a v e a s p . gr . 2-403 a t 15°. T h e y are 
s tab le w h e n d r y . H . T r a u b e p r e p a r e d l i th ium potas s ium chromate , I a K C r O 4 , 
in hexagona l or p seudo-hexagona l c rys ta l s i somorphous w i t h t h e ana logous sul-

VOL,. X I , S 
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/ooo $76° 

668" 

p h a t e ; J . Zehenter gave 2-539 for t h e sp . g r . a t 15°. H . R o s e m e l t e d 2 p a r t s of 
po tas s ium d ichromate a n d one of sod ium c a r b o n a t e ; t h e cold mass dissolved in 
h o t wa te r deposits , on cooling, c rys ta l s of po tas s ium s o d i u m chromate , or chromo-
glaserite, or chromatoglaserite, 3K 2 CrO 4 -Na 2 CrO 4 , or K 3 N a ( C r O 4 J 2

1 - t h e c rys ta l l iza t ion 
is a t t e n d e d b y crystal loluminesce. J . Z e h e n t e r o b t a i n e d t h e sa l t b y e v a p o r a t i n g 
a h o t soln. of po tas s ium d i c h r o m a t e neu t r a l i zed w i t h sod ium c a r b o n a t e ; a n d 
C. von Hauer , by evapora t ing a mixed soln. of 3 mols of p o t a s s i u m c h r o m a t e a n d 
one mo] of sod ium c h r o m a t e . T h e yel low c rys ta l s were found b y B . Gossner t o be 
t r igonal with t h e axia l r a t io a : c — \ : 1-2857 a n d a = 8 8 ° 28 ' , t h e r e is a second 

v a r i e t y in monocl in ic c rys ta l s w i t h a : b : c 
= 0 - 5 8 3 3 : 1 : 0-8923, a n d £ = 9 0 ° 46 ' . H . S te in-
m e t z sa id t h a t t h e r e is a g r a d u a l c h a n g e in t h e 
c h r o m a t e , K 3 Na(CrO 4 J 2 , b e tween 150° a n d 175° 
w i t h o u t ax>preciable c h a n g e of vol . or coefi. of 
expans ion . T h e sp . gr . is 2-719 a t 15° ; a t 14°, 
IOO p a r t s of w a t e r dissolve 64-2 p a r t s of sa l t . 
According t o J . Zehen te r , t h e mothe r - l i quor 
yields a h e m i h y d r a t e , of s p . gr . 2-575 a t 15°. 
I t loses w a t e r a t 150° ; a n d 100 p a r t s of w a t e r 
a t 14° dissolve 66-4 p a r t s of sa l t . E . F l a c h 
measu red t h e f .p. of m i x t u r e s of sod ium a n d 
p o t a s s i u m c h r o m a t e s , a n d t h e resu l t s a re s u m ­
mar ized in t h e u p p e r cu rve of F ig . 44. T h e 
solid soln. of t h e t w o sa l t s shows b r e a k s in t h e 
cooling cu rve cor respond ing w i t h t h e lower 

cu rve of F ig . 44. There arc t h u s indica t ions of t h e fo rma t ion of t h e t r i gona l 
ch romatog lase r i t e analogous t o o rd ina ry or su lpha tog lase r i t e , 3 K 2 S O 4 - N a 2 S O 4 . 
This complex sal t can form solid soln. to a l imi ted e x t e n t w i t h s o d i u m c h r o m a t e , 
so t h a t du r ing t h e cooling t h e hexagona l c rys ta l s of t h e solid soln. b e t w e e n 669° 
a n d 371° mos t ly spli t in to simple ch roma te s a n d solid soln. of ch roma tog la se r i t e 
a n d sod ium c h r o m a t e . The curve of m i x t u r e s of p o t a s s i u m a n d sod ium c h r o m a t e s , 
p rev ious ly fused toge ther , shows a b reak cor responding w i t h K 3 Na(CrO 4 J 2 . T h u s , 

F i a . 

40 60 
Per cent. K2CrO+ 

4 4 . — - E q u i l i b r i u m D i a g r a m of 
t h e B i n a r y S y s t e m : 

3STa2CrO4-KL2CrO4. 

K 2 C r O 4 . 
Sp. gr. . 

O 
2-765 

10 
2*766 

50 
2*767 

7O 
2*767 

78-3 
2*768 

9O 
2*751 

1OO per cent 
2-74O 

The c rys ta l lographic d a t a are s u m m a r i z e d in Tab le I I I . T h e t h e r m a l d i a g r a m 

T A B L E I I I . — C R Y S T A L L O G K A P H I C D A T A O F P O T A S S I U M : A N D S O D I U M S U L P H A T E S 

A N D C H E O M A T E 8 . 

K 8 S O 4 
I C 3 K a ( S O 4 ) a 
N a 2 S O 4 
K 2 C r O 4 
K 3 N a ( C r O 4 ) , 
2STa2CrO4 

MoI. wt. 

1 7 4 - 2 7 
1 0 6 - 2 2 
1 4 2 0 7 
194*20 
1 8 6 - 1 5 
1 6 2 - 0 0 

Sp. gr. 

2 - 6 6 6 
2 - 6 9 6 
2 - 6 8 3 
2-74O 
2 - 7 6 8 
2 - 7 6 5 

Mo]. vol. 

6 5 - 3 7 
6 1 - 6 5 
5 2 - 9 5 
7 0 - 8 8 
6 7 - 2 5 
5 8 - 5 9 

Axial n 

0-5727 
0-5773 
0-4731 
O-5094 
0-5773 . 
0-4643 : 

itios 

: 1 : 
: 1 : 
1 : 
1 : 
1 : 
1 : 

Topic parameters x l ^ ' Cti 

0-7418 I 30688 : 5-3586 : 3-975O 
0-7450 ! 3-0215 : 5-2334 : 3-899O 
0-7996 j 2-4564 : 5*1922 : 4-1517 
0-7298 31578 : 5-5452 : 4-0473 
0-7423 3-1141 : 5-3737 : 40038 
0-7991 1 25096 ; 5-4051 : 4-3193 

of m i x t u r e s of s u l p h a t o - a n d ch ron ia to -g l a se r i t e s is s h o w n in F i g . 4 5 . T h e 
q u a t e r n a r y s y s t e m : K 2 C r O 4 - N a 2 C r O 4 - N a 2 S O 4 - K 2 S O 4 , w a s s t u d i e d b y E . F l a c h 
a n d a lso t h e s a m e s y s t e m w i t h w a t e r a t 30° . 

Jj. G r a n d e a u 5 p r e p a r e d rubidium chromate , K b 2 C r O 4 , b y neu t r a l i z ing a soln . 
of t h e d i c h r o m a t e w i t h r u b i d i u m c a r b o n a t e , a n d b y me l t i ng ch romic oxide w i t h 
r u b i d i u m n i t r a t e , or w i t h r u b i d i u m c a r b o n a t e in a i r . T h e s p o n t a n e o u s e v a p o r a t i o n 
of t h e a q . so ln . furnishes first a c rop of c ry s t a l s of t h e d i c h r o m a t e , a n d t h e n t h e 
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c h r o m a t e . T h e a q . soln. h a s a n a lka l ine r eac t ion . Acco rd ing t o J . 
t h e ye l low c r y s t a l s a r e r h o m b i c b i p y r a m i d s w i t h /000° 
t h e ax i a l r a t i o s a : b : c = 0 * 5 6 6 5 : 1 : 0-7490. T h e r 

(001)-cleavage is m a r k e d . T h e o p t i c a x i a l angles 
found b y G. N . W y r o u b o f i were 2H0 = 730 4 6 ' for 
red- l igh t , a n d 76° 5 ' for g reen - l igh t ; a n d 2 / / 0 
==146° for w h i t e l i gh t . T h e top ica l c h a r a c t e r is 
n e g a t i v e . J . W . R e t g e r s , J . P i c c a r d , a n d L . G r a n -
d e a u sa id t h a t t h e c ry s t a l s a r e i s o m o r p h o u s 
w i t h p o t a s s i u m c h r o m a t e , s u l p h a t e , a n d se l ena t e . 
T. V. B a r k e r s t u d i e d pa ra l l e l o v e r g r o w t h s o n 
a lka l i s u l p h a t e s a n d c h r o m a t e s . F . A. J l . Sch re ine -
m a k e r s a n d H . F i l i p p o found t h e p e r c e n t a g e 
so lubi l i ty , S9 t o be : 

P i cca rd , 

S00c 

80Oc 

700° 

600 

S00c 

400* 

S 

S 

— 7° 
36 -G 

3 0 ° 
4 4 - 1 

0 ° 
3 8 - 2 

4 0 ° 
4 6 1 

10-3° 
4 0 - 2 

5 0 ° 
4 7 - 4 

20° 
42-4 

60-4° 
4 8 - 9 

300c 

[~T~ 
882° 

k^° 

^̂ * 

oc-solJct soli/c/6/? 

"Z^."* 

S?- r - ^ . / 

"" — 
, W 

I l I I 

^ J 

£2 

T h e y also s t u d i e d 
C r O 3 - H 2 O a t 3()° ; 
pe r cen t ages : 

C r O 3 

l i b / O 

1 20 40 60 80 /00 
/ 2 v cer?t. or<///7ctry g'laser/te 

F I G . 4 5 . T l i e B i n a r y S y s t e m of 
S u l p h a t o - a n d C h r o m a t o - g l a s e -

t h e t e r n a r y s y s t e m : H b 2 O - r i es* 
a n d found t h a t w i t h t h e compos i t ion of t h e soln . expressed in 

O 0 O 
5 6 - 8 2 

1 1 - 9 8 
2 7 - 9 9 

1 5 - 5 4 
2 8 - 5 5 

4 - 8 7 
4 -GO 

1 5 0 5 
3 - 4 5 

S o l i d s 

C r O 3 
K b 2 O 

S o l i d s 

K b O H . 2 1 I 2 0 

1 5 0 5 
3 - 4 5 

2 4 - 9 2 
1 - 6 6 

1 4 - 2 9 
1 - 2 8 

5 8 - 6 9 
1 0 7 

K b 2 C r 2 O 7 

6 3 - 0 7 
0 - 9 2 

6 2 - 2 8 
O 

U b 2 O r 3 O 1 0 U b 3 C r 4 O 1 3 C r O 3 

The resu l t s a re p l o t t e d in F i g . 46 ; w h e r e t h e so lub i l i ty c u r v e ah refers t o the 
solid p h a s e CrO 3 ; 6c, t o R b 2 C r 4 O 3 3 
R b ^ C r O 4 ; and ft/, t o R b O E L n H 2 O . 

cd, t o R l ) 2 C r 3 O 1 0 ; de, t o Rb 2 CV 2 O 7 ; ef t o 

Xb2O 

/?jbOMnHzOA 

H2O 

Cs2O 

^b2CrO+ 

Xb2Cr? O7 

(?b2Cr30,o 

*J> Xb2Cr4O\3 

CrOs 

CsOMnH2O 

N2O 

Cs2CrO+ 

Cs2CrxO7 

CszC/30/o 

Cs2C^a3 

CrO3 

F i o . 4 6 . — E q u i l i b r i u m ! D i a g r a m 
f o r t h e T e r n a r y S y s t e m : 

K b 2 O - C r O 3 - H 2 O . 

F i o . 4 7 . E q u i l i b r i u m ! D i a g r a m 
f o r t h e T e r n a r y S y s t e m : 
C s 9 O - C r C - H o O a t 3 0 ° . 

C. Chabr ie o o b t a i n e d caes ium c h r o m a t e , Cs 2 CrO 4 , b y t r e a t i n g s i lver c h r o m a t e 
wi th a boi l ing soln. of caesium ch lor ide , a n d e v a p o r a t i n g t h e f i l t ra te for crys ta l l i ­
za t ion ; or m o r e s imp ly f rom a n a q . soln. of c h r o m i c ac id a n d caesium c a r b o n a t e . 
According t o F . R . F r a p r i e , t h e c rys t a l s ex i s t i n t w o forms . C. Chabr ie ' s process 
furnishes t h e s o - c a l l e d ^ - c r y s t a l s i n pa l e yel low, t r i g o n a l p r i s m s w i t h t h e ax i a l r a t i o 
a : c = l : 1-2314 ; whi le t h e ^ - c r y s t a l s fo rm d a r k yel low, r h o m b i c b i p y r a m i d a l 
c rys ta l s w i t h t h e ax i a l r a t i o s a : b : c = 0 - 5 6 4 0 : 1 : 0-7577, a n d w h i c h show tw inn ing 
a b o u t t h e (130)-pi a n e . These c ry s t a l s a re c o m p l e t e l y i s o m o r p h o u s w i t h t h e p o t a s s i u m 
c h r o m a t e f a m i l y — a s u b j e c t a lso d iscussed b y J . W . R e t g e r s . T . V. B a r k e r s tud ied 
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para l le l o v e r g r o w t h s on a lka l i s u l p h a t e s a n d c h r o m a t e s . E . A. H . S c h r e i n e m a k e r s 
a n d D . J . Mei jer ingh o b s e r v e d t h a t in t h e t e r n a r y s y s t e m : C s 2 O - C r O 3 - H 2 O a t 
30° , t h e compos i t ion of t h e soln . exp re s sed in p e r c e n t a g e s , is : 

C r O s . 0 O H 9 9 - 6 6 2 1 3 - 0 8 8 - 9 8 2 1 6 4 - 5 7 
C s 2 O . 7 0 - 6 3 6 9 - 2 2 3 1 - 6 8 3 5 - 0 8 2 4 - 0 5 3 0 4 1-61 

Solids. CsOH.nH a O Cs2CrO4 Cs 2Cr 2O 7 

C r O 3 . 4 - 5 7 2 5 - 5 9 4 4 - 4 5 5 5 1 7 6 2 - 7 0 6 2 - 5 0 6 2 - 2 8 
C s 2 O . 1-61 0 - 0 9 6 3*13 3-9O 4 - 3 5 2 - 3 3 O 

> ^ » v /> „ • 
Solids. Cs2Cr3O1 0 Cs2Cr4O1 3 CrO 3 

T h e l ine ab9 F i g . 47 , is t h e so lub i l i ty c u r v e w i t h C r O 3 a s sol id p h a s e ; be, w i t h 
Cs 2 Cr 4 O 1 3 ; cd, w i t h C s 2 C r 3 O 1 0 ; de, w i t h C s 2 C r 2 O 7 ; ef9 w i t h Cs 2 CrO 4 ; a n d fg9 w i t h 
CsOH.TaJI2O. T h e s o d i u m a n d a m m o n i u m sa l t s a r e a lone h y d r a t e d in t h e t e r n a r y 
s y s t e m s a t 30° a n d t h e solubi l i t ies of t h e different a lka l i c h r o m a t e s a t 30° a r e : 

Li N a N H 4 K H b Cs 
M 2 C r O 4 . 4 9 - 9 8 4 6 - 6 3 2 8 - 8 0 3 9 - 6 3 4 4 - 1 4 4 7 0 

M. Hoscnfeld 7 o b t a i n e d a g reen p r e c i p i t a t e on a d d i n g a soln. of c u p r o u s ch lor ide 
in a cone . soln. of s o d i u m chlor ide t o a n excess of a soln. of p o t a s s i u m c h r o m a t e . 
T h e r eac t ion was s t u d i e d b y H . J . P . V e n n a n d V. E d g e . C o m p l e x p r e c i p i t a t e s a r e 
fo rmed differing in co lour a n d c o n s t i t u t i o n acco rd ing t o t h e m e t h o d of p r e p a r a t i o n . 
T h e r e a c t i o n cons is t s essent ia l ly in t h e o x i d a t i o n of t h e c u p r o u s sa l t , a n d t h e 
f o r m a t i o n of bas ic c o m p o u n d s whose compos i t i on c h a n g e s w h e n t h e y a r e w a s h e d . 
T h e u l t i m a t e r eac t ions a r e r e p r e s e n t e d b v : 3 C u 2 C l 2 + 2 K 2 C r 0 4 + 8 H 2 0 — - 4 K 1 C 1 
+ C u C l 2 + 5 C u ( O H ) 2 + 2 C r ( O H ) 3 , a n d 3 C u 2 C l 2 + K 2 C r 2 0 7 + 7 H 2 0 = 2 K C l + 2 C u C l 2 
+ 4 C u ( O H ) 2 - J - 2 C r ( O H ) 3 . I n t e r m e d i a t e p r o d u c t s a r e r e p r e s e n t e d b y 2CuO. 
C u C l 2 . 3 H 2 O , a n d 3 C u O . C u C l 2 . 4 H 2 0 . J . Schulze r e p o r t e d n o r m a l copper c h r o m a t e , 
CuCrO 4 , t o be fo rmed w h e n coppe r h y d r o x i d e is h e a t e d w i t h a n excess of a soln. 
of p o t a s s i u m d i c h r o m a t e i n a sealed t u b e a t 220°. U n d e r o r d i n a r y cond i t ions , 
J . Schulze , a n d M. P r u d ' h o m m e a n d F . B i n d e r f o u n d t h a t a boi l ing soln. of t h e 
d i c h r o m a t e a n d copper h y d r o x i d e forms a bas ic c h r o m a t e . Accord ing t o G. Brt igel-
m a n n , a n d J . C. G. de Mar ignac , t h e s p o n t a n e o u s e v a p o r a t i o n of a n a q . m i x t u r e 
of sa t . soln. of copper s u l p h a t e a n d p o t a s s i u m d i c h r o m a t e g ives first a c r o p of 
c rys ta l s of p o t a s s i u m s u l p h a t e , a n d t h e n m i x e d c rys t a l s of c h r o m a t e s of indef ini te 
compos i t ion . G. Qu incke s t u d i e d t h e f o r m a t i o n of coppe r c h r o m a t e b y t h e diffusion 
of a soln. of coppe r s u l p h a t e i n t o ge l a t i ne c o n t a i n i n g s o d i u m d i c h r o m a t e . 
S. H . C. Br iggs o b t a i n e d n o r m a l c o p p e r c h r o m a t e f rom a soln. of 3 g r m s . of coppe r 
c a r b o n a t e w i t h 6-9 p e r cen t . CuO i n 2-4 g r m s . of c h r o m i u m t r i o x i d e d issolved in 
20 c.c. of w a t e r , a n d , w h e n t h e e v o l u t i o n of c a r b o n d iox ide h a s ceased, h e a t e d in a 
sealed t u b e for 2 o r 3 h r s . a t 200° ; a n d a lso b y boi l ing, in a vessel fitted w i t h a 
reflux condense r , a m i x t u r e of 12 g r m s . c o p p e r c a r b o n a t e , 21 g r m s . c h r o m i u m 
t r iox ide , a n d 15 c.c. of w a t e r ove r a n o i l -ba th ; t h e p r o d u c t w a s w a s h e d w i t h w a t e r 
a n d d r i ed in a des icca tor . H . K o p p , a n d G. C. Gmel in o b t a i n e d c rys t a l s of coppe r 
c h r o m a t e , i s o m o r p h o u s w i t h p e n t a h y d r a t e d c o p p e r s u l p h a t e , f rom a soln. of c o p p e r 
h y d r o x i d e in a q . c h r o m i c ac id . M. P r u d ' h o m m e sa id t h a t if a so ln . of c h r o m i c 
a n d cupr i c ox ides i n a lkal i - lye be a l lowed t o s t a n d s o m e m o n t h s , i t depos i t s c ry s t a l s 
of cup r i c c h r o m a t e . H . W . Morse s t u d i e d t h e r h y t h m i c p r e c i p i t a t i o n of t h e c h r o m a t e . 

J . Schulze sa id t h a t t h e c ry s t a l s a r e i r on -b l ack or r e d d i s h - b r o w n w i t h t h e 
a p p e a r a n c e of haemat i t e ; t h e sa l t fo rms coppe r c h r o m i t e a t 400° . Li. a n d 
P . W o h l e r f o u n d t h a t d e c o m p o s i t i o n beg ins a t 325° ; a t 340° , t h e p a r t i a l p ress , 
of t h e o x y g e n is 417 m m . ; a n d a t 380° , o v e r 750 m m . N o s t a t e of e q u i l i b r i u m 
was obse rved . A t 650° , c u p r o u s c h r o m i t e is fo rmed . J . Schu lze sa id t h a t cup r i c 
c h r o m a t e is inso luble i n w a t e r , b u t i t is soluble i n ac ids i n c l u d i n g c h r o m i c ac id . 
T h e s a l t is h y d r o l y z e d b y boi l ing w a t e r , l eav ing a ba s i c c h r o m a t e — p o s s i b l y 
3 C k i O . C r 0 3 . 2 H 2 0 — a s a r e s idue . S. H . C. Br iggs sa id t h a t cup r i c c h r o m a t e is n o t 
so luble in a soln . of c o p p e r s u l p h a t e . 



CHROMIUM 2 6 1 

Accord ing t o M. C. S c h u y t e n , w h e n a n a q . soln . of c o p p e r s u l p h a t e a n d p o t a s s i u m 
d i c h r o m a t e is t r e a t e d w i t h a m m o n i a , or if p o t a s s i u m d i c h r o m a t e b e a d d e d t o a n 
a m m o n i a c a l soln . of c u p r i c h y d r o x i d e f rom w h i c h t h e excess of a m m o n i a h a s b e e n 
renaoved b y e x p o s u r e t o air , copper t e t ra to tr ia in in inochro inate ,4CuCr04 .3NH 3 . 5H20 , 
s e p a r a t e s a s a b r o w n , a m o r p h o u s p o w d e r ; w h e n h e a t e d , i t evo lves a m m o n i a , w a t e r , 
a n d a sma l l q u a n t i t y of n i t r o u s fumes , b u t t h e whole of t h e a m m o n i a a n d w a t e r 
c a n n o t b e expe l l ed e v e n b y h e a t i n g for a l ong t i m e a t a h igh t e m p . I t d i sso lves in 
h y d r o c h l o r i c ac id o r a m m o n i a , f o rming a yellow- o r a g reen soln. r e spec t i ve ly ; i t 
is a lso eas i ly so luble in a soln. of s i lver n i t r a t e , b u t inso lub le in o rgan ic s o l v e n t s . 
Alcohol is n o t ox id ized t o a l d e h y d e b y boi l ing w i t h t h e hyd roch lo r i c ac id so ln . 
of this compound. S. H- C. Briggs obtained copper hemiheptamminochromate, 
2 C u C r O 4 . 7 N H 3 . H 2 O , b y p o u r i n g a n a q . soln . of 14 g r ins , of c o p p e r c a r b o n a t e a n d 
25 g r m s . of c h r o m i u m t r i o x i d e i n t o a m i x t u r e of 125 c.c. c o n e . a q . a m m o n i a , 50 c.c. 
of 1Water, a n d 15 g r m s . of p o t a s s i u m h y d r o x i d e a n d a l lowing i t t o s t a n d exposed 
t o a i r . T h e g reen i sh -b lack c r y s t a l s lose a m m o n i a a t o r d i n a r y t e m p . ; t h e y a r e 
d e c o m p o s e d b y w a t e r ; a n d a r e so luble in di l . a q . a m m o n i a . N . P a r r a v a n o a n d 
A. P a s t a p r e p a r e d copper t e t r a m m i n o c h r o m a t e , C u C r O 4 . 4 N H 3 , b y a d d i n g a lcohol 
t o a soln. of c o p p e r t e t r a p y r a d i n o c h l o r i d e in a q . a m m o n i a ; t h e g reen p r i s m a t i c 
c ry s t a l s a r e d e c o m p o s e d b y w a t e r . 

L . N . V a u q u e l i n sa id t h a t w h e n p o t a s s i u m " c h r o m a t e " is a d d e d t o a soln. 
of a n e u t r a l c o p p e r sa l t , a c h e s t n u t - b r o w n p r e c i p i t a t e is p r o d u c e d , w h i c h , a cco rd ing 
C. G e r h a r d t , a n d C. F reese , cons is t s of K 2 0 . 3 C u O . 3 C r O 3 . 2 H 2 O , or, a cco rd ing t o 
M. Groger , K C u 2 ( 0 H ) ( C r 0 4 ) 2 . H 2 0 , a n d wh ich , a cco rd ing t o G. C. Gmel in , furn ishes 
p o t a s s i u m d i c h r o m a t e w h e n t r e a t e d w i t h boi l ing w a t e r . A. B e n s c h n o t i c e d t h a t 
w h e n p o t a s s i u m c h r o m a t e is a d d e d t o a boi l ing, a q . soln . of c o p p e r s u l p h a t e , t h e 
b lue co lour c h a n g e s f rom g reen t o ye l low t o red , a n d t h e n a b r o w n p r e c i p i t a t e fo rms . 
B . S k o r m i n o b t a i n e d copper t r ioxychromate , 3 C u O . C u C r O 4 . 3 H 2 O , b y t h e ac t ion 
of a n a lka l ine soln . of a n excess of p o t a s s i u m c h r o m a t e on a soln. of c o p p e r s u l p h a t e . 
F . J . M a l a g u t i a n d M. S a r z e a u sa id t h a t a f ter r e p e a t e d e x t r a c t i o n w i t h boi l ing w a t e r , 
t h e r e r e m a i n s — a c c o r d i n g t o t h e ana ly se s of F . J . M a l a g u t i a n d M. Sa rzeau , J . Pe r soz , 
C. F ree se , J . Schulze , L . B a l b i a n o , M, Groger , a n d M. Rosen fe ld—copper d i o x y -
Chromate, 3 C u O . C r 0 3 . 2 H 2 0 , o r 2 C u ( O H ) 2 . C u C r O 4 ; a n d , a d d e d M. Groger , t h e 
s a m e p r o d u c t is o b t a i n e d w h e t h e r t h e p o t a s s i u m c h r o m a t e or t h e c o p p e r s a l t b e 
in excess . Th i s s a l t w a s also p r e p a r e d b y B . S k o r m i n . A c c o r d i n g t o M. Rosenfe ld , 
t h i s c o m p o u n d is f o r m e d w h e n p o t a s s i u m c h r o m a t e is a d d e d t o a soln. of c o p p e r 
s u l p h a t e ; a l t h o u g h t h e co lour of t h e s u b s t a n c e va r i e s w i t h t h e t e m p , a n d cone , 
of t h e soln . i t s c o m p o s i t i o n is c o n s t a n t . T h e s a m e sa l t is f o r m e d b y d iges t ing freshly 
p r e c i p i t a t e d c o p p e r h y d r o x i d e w i t h a soln. of p o t a s s i u m d i c h r o m a t e , b u t in t h i s 
case i t is m i x e d w i t h c r y s t a l s of p o t a s s i u m d i c h r o m a t e . M. Groger s a id t h a t 
t h e a m o r p h o u s r u s t - b r o w n p r e c i p i t a t e , o b t a i n e d b y m i x i n g a q . soln. of coppe r 
s u l p h a t e a n d p o t a s s i u m c h r o m a t e , b e c o m e s c rys t a l l ine w h e n left in c o n t a c t w i t h 
excess of t h e c o p p e r s a l t soln. T h e p r e c i p i t a t e is bas ic p o t a s s i u m cup r i c s u l p h a t o -
c h r o m a t e , t h e p r o p o r t i o n of s u l p h a t e p r e s e n t d e p e n d i n g on t h e cone , of t h e c o p p e r 
s a l t soln . a n d t h e d u r a t i o n of i t s c o n t a c t w i t h t h e p r e c i p i t a t e . T h e d o u b l e sa l t is 
r a p i d l y d e c o m p o s e d e i t he r b y boi l ing w a t e r or b y fusion, b u t w i t h o u t fo rming 
p o t a s s i u m c h r o m a t e . T h e s a m e p r e c i p i t a t e is o b t a i n e d o n a d d i n g p o t a s s i u m 
h y d r o x i d e t o t h e m i x t u r e of cup r i c s u l p h a t e a n d p o t a s s i u m d i c h r o m a t e in aq . soln. 
as i n d i c a t e d b y A. K n o p p . M. Groger a lso sa id t h a t t h e a d d i t i o n of s o d i u m c h r o m a t e 
t o a n a q . soln. of c o p p e r ch lor ide r e su l t s i n t h e f o r m a t i o n of a greenish-ye l low 
p r e c i p i t a t e wh ich , w h e n left iti t h e m o t h e r - l i q u o r , g r a d u a l l y a s s u m e s a b r i g h t 
r u s t y - b r o w n colour , b u t does n o t b e c o m e c rys ta l l ine . T h e greenish-yel low s u b ­
s t ance is t h e bas ic c u p r i c c h r o m a t e , 2 C u ( O H ) 2 , C u C r O 4 ; t h e r u s t y - b r o w n p r e c i p i t a t e 
c o n t a i n s a l a rge r p r o p o r t i o n of c h r o m i c ac id , w h i c h is r e m o v e d b y w a s h i n g wi th 
wa te r , t h e green ish-ye l low s a l t b e i n g r e g e n e r a t e d . Acco rd ing t o L . B a l b i a n o , 
a soln. of cup r i c s u l p h a t e is n o t c o m p l e t e l y p r e c i p i t a t e d b y n e u t r a l a m m o n i u m 
c h r o m a t e , t h e c o m p l e t e p r e c i p i t a t i o n on ly be ing effected b y t h e a d d i t i o n of a m m o n i a . 
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R o t h t h e p rec ip i t a t e first p r o d u c e d b y t h e a m m o n i u m c h r o m a t e a n d t h a t b y t h e 
l a t e r a d d i t i o n of t h e a m m o n i a h a v e t h e same composi t ion , 2CuO.CuCrO 4 . 2H 2 O. 
If t h e aq . soln. b e e v a p o r a t e d o n t h e w a t e r - b a t h , a n a m o r p h o u s m a s s is fo rmed . 
Alcohol p rec ip i t a t e s from t h e a q . soln. a d i r t y green p rec ip i t a t e , a n d is a t t h e s a m e 
t i m e oxidized t o acet ic ac id . I n r epea t i ng L*. Ba lb iano ' s e x p e r i m e n t s , M. Groger 
observed t h a t t h e or iginal p r e c i p i t a t e con ta ins a m m o n i u m , a n d th i s sa l t furnishes 
t h e basic sal t , 2Cu(OH) 2 -CuCrO 4 , b y wash ing w i t h boiling wa te r . A. Viefhaus 
ob t a ined t h e s a m e bas ic s a l t b y diges t ing b a r i u m c h r o m a t e w i t h a n aq . soln. of 
copper s u l p h a t e for 3 d a y s a t 30° t o 35° ; C. Freese , a n d M. Rosenfeld, b y t r e a t i n g 
copper ox ide or h y d r o x i d e w i t h a boiling soln. of po t a s s ium d i c h r o m a t e , a n d 
e x t r a c t i n g t h e p r o d u c t w i t h boil ing w a t e r ; C. Freese , a n d R . B o t t g e r , s imilar ly 
t r e a t e d copper c a r b o n a t e w i t h a n aq . soln. of chromic acid. J . Schulze o b t a i n e d 
th i s basic sa l t b y t h e ac t ion of boil ing w a t e r on copper c h r o m a t e ; a n d F . Droge , 
b y t h e ac t ion of boi l ing w a t e r on copper d e c a m m i n o d i o x y c h r o m a t e . T h e d a r k 
b r o w n flocculent p rec ip i t a t e dr ies a t 100° t o a d a r k b rown , a lmos t b lack , a m o r p h o u s 
powder . J . Pe r soz said t h a t i t loses no w a t e r a t 170°, b u t decomposes a t a red-
h e a t . F . J . Malagu t i a n d M. Sa rzeau said t h a t i t is soluble in dil . n i t r i c acid, a n d 
in aq . a m m o n i a . G. Gore observed t h a t i t is insoluble in l iquid a m m o n i a ; 
R . Bo t tge r , t h a t i t is decomposed b y alkal i- lye forming copper ox ide ; J . W . S la te r , 
t h a t w h e n boiled wi th phosphorus , i t forms copper , copper phosph ide a n d p h o s p h a t e , 
ch romic p h o s p h a t e , a n d p h o s p h o r u s a n d phosphor ic ac ids . R . O t t o r e c o m m e n d e d 
i t s use in t h e d e t e r m i n a t i o n of s u l p h u r in organic ana lyses . 

Accord ing t o H . Moser, p o t a s s i u m d i c h r o m a t e does n o t give a p rec ip i t a t e wi th 
a n aq . soln. of a copper sa l t ; b u t , a d d e d W . E . Garr igues , if a n excess of a m m o n i a 
or, accord ing t o A. K o p p , a n d M. Rosenfeld, if sufficient p o t a s s i u m h y d r o x i d e b e 
p r e s e n t t o t r a n s f o r m t h e d i c h r o m a t e i n to m o n o c h r o m a t e , a p rec ip i t a t e is fo rmed 
which m a y be redd i sh -b rown, greenish-yellow, green, or b lue accord ing t o t h e 
p r o p o r t i o n of a lkal i e m p l o y e d — t h e blue p rec ip i t a t e is copper h y d r o x i d e . 

M. Rosenfeld supposed that the ye l low precipitate just indicated is a basic salt copper 
perUoxybi»chro?nate9 7CuO.2CrO3 .5H2O ; and the green precipitate, which changes t o 
brown on drying, basic copper JiexonychroTnate, 7CuO.CrO 3 .5H 2O—probably b o t h basic 
sal ts are mixtures of copper hydroxide a n d the d ioxychromate . The green-coloured 
substance prepared b y C. W. Juch b y the act ion of 2 parts of potass ium carbonate and one 
part of calc ium carbonate on a soln. of 48 parts of copper sulphate and 2 parts of potass ium 
dichromate ; and that obtained by T. Leykauf b y t h e act ion of a m m o n i a o n a soln. of 2 
parts of copper sulphate and one part of potass ium dichromate are also mixtures . 

Accord ing t o M. Vuaflar t , if copper c h r o m a t e b e t r e a t e d w i t h a q . a m m o n i a , 
t h e d a r k green soln. does n o t decolorize on exposure t o l ight , a n d if e v a p o r a t e d , 
or cau t ious ly t r e a t e d wi th acids, t h e original c h r o m a t e is r e s to red . H . B o t t g e r 
a d d e d t h a t if t h e green soln. be covered w i t h alcohol , i t depos i t s a d a r k green 
p o w d e r , which , af ter wash ing w i t h alcohol, furnishes, accord ing t o t he ana lys is 
of F . J . Malaguti and M. Sarzeau, copper decamminomonoxybischromate, 
CuO.2CuCrO4 .10NH 3 . 2H 2 O. The sa l t was also p r e p a r e d b y A. K o p p . T h e 
p o w d e r cons is t s of d a r k green, ac icular c rys ta l s , which lose a m m o n i a in air ; 
a n d w h e n h e a t e d decompose w i t h a feeble de tona t i on . The sa l t is decomposed 
b y w a t e r . Accord ing t o P . A. Bolley, F . Droge , W . Gri ine, J . S t inde , a n d 
I . C. Z i m m e r m a n n , t h e green soln. was former ly used in dye ing . 

M. Groger could n o t i sola te a m m o n i u m copper chromate of definite compos i t ion ; 
t h e p r e c i p i t a t e o b t a i n e d b y t r e a t i n g copper chlor ide w i t h a m m o n i u m c h r o m a t e , is 
r e ad i l y t r a n s f o r m e d i n t o copper o x y c h r o m a t e . S. H . C. Briggs , and M. Groger 
o b t a i n e d a m m o n i u m copper d i a m m i n o c h r o m a t e , ( N H 4 ) 2 C r 0 4 . C u C r 0 4 . 2 N H 3 , b y 
t h e a c t i o n of cup r i c ch lor ide on a soln. of a m m o n i u m c h r o m a t e con ta in ing a n excess 
of a m m o n i a \ o r of a soln. of coppe r c a r b o n a t e in chromic acid on cone . aq . a m m o n i a 
T h e d a r k g r e e n c rys t a l s lose w a t e r a n d a m m o n i a a t 200°. The sa l t is hyd ro lyzed 
b y w a t e r . M. G r o g e r m i x e d 2 vols , of a soln. of 85-3 g r m s . of C u C l 2 . 2 H 2 0 in a 
l i t r e of w a t e r w i t h one vo l . of a soln. of 97-2 g r m s . of p o t a s s i u m c h r o m a t e in a l i t re 
of w a t e r . A f t e r s t a n d i n g 4 d a y s , a t r o o m t e m p . , t h e p r e c i p i t a t e was washed w i t h 
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cold w a t e r b y suc t i on , a n d d r i e d a t 100°. T h e b r o w n i s h - r e d p o w d e r cons i s t s of 
microscopic , four-s ided, p r i s m a t i c c r y s t a l s of p o t a s s i u m copper oxyquadr ic l i romate , 
K 2 0 . 4 C u 0 . 4 C r 0 3 . 3 H 2 0 , or K ( O H ) C u 2 ( C r 0 4 ) 2 . H 2 0 . I t is r a p i d l y d e c o m p o s e d b y 
boi l ing w a t e r . A . K n o p r e p o r t e d p o t a s s i u m copper oxy tr i s chromate , 
K 2 0 . 3 C u 0 . 3 C r 0 3 . 2 H 2 0 , t o be f o r m e d b y t h e a c t i o n of a so ln . of p o t a s s i u m d i -
c h r o m a t e o n f reshly p r e c i p i t a t e d c o p p e r h y d r o x i d e , or b y g r a d u a l l y a d d i n g a soln . 
of p o t a s s i u m h y d r o x i d e t o a m i x e d soln. of c o p p e r s u l p h a t e a n d p o t a s s i u m 
d i c h r o m a t e . T h e s a l t -was also p r e p a r e d b y B . S k o r m i n . M. Rosenfe ld s u p p o s e d 
t h a t t h i s p r o d u c t is i m p u r e c o p p e r d i o x y c h r o m a t e , a n d M. Groger , i m p u r e p o t a s s i u m 
c o p p e r o x y q u a d r i c h r o r n a t e . C. G e r h a r d t , a n d C. F r e e s e s u p p o s e d t h e p r e c i p i t a t e 
p r o d u c e d b y p o t a s s i u m c h r o m a t e in a cold soln . of c o p p e r s u l p h a t e t o be p o t a s s i u m 
coppe r o x y t r i s c h r o m a t e . T h e pa l e b r o w n p o w d e r cons is t s of microscopic , s ix-s ided 
p l a t e s . T h e sa l t loses w a t e r w h e n h e a t e d . Boi l ing w a t e r e x t r a c t s p o t a s s i u m 
d i c h r o m a t e . T h e sa l t is so luble i n a soln . of a m m o n i a a n d a m m o n i u m c a r b o n a t e . 
F . Rose , S. Tsche ln i t z , J . G. Gen te le , a n d G. Ze r r a n d G. H i i b e n c a m p m e n t i o n e d t he 
use of t h e bas ic c h r o m a t e as a r e d d i s h - b r o w n p i g m e n t u n d e r t h e n a m e chrome brown. 

According to S. H . C. Briggs, potassium copper diamminochromate, 
K 2 C r O 4 . C u C r O 4 . 2 N H 8 , c rys ta l l i zes o u t w h e n a n a m m o n i a c a l soln. of c o p p e r c h r o m a t e 
t o w h i c h a l a rge p r o p o r t i o n of p o t a s s i u m c h r o m a t e h a s b e e n a d d e d , is a l lowed t o 
lose i t s free a m m o n i a b y e x p o s u r e t o a i r . T h e c r y s t a l s were w a s h e d b y d e c a n t a t i o n 
w i t h t h e m o t h e r - l i q u i d , t h e n w i t h di l . a m m o n i a , a n d finally w i t h a lcohol a n d e the r . 
I t is s lowly d e c o m p o s e d a t 250° , r a p i d l y a t 280° ; i t is d e c o m p o s e d b y w a t e r ; a n d 
is so lub le in a q . a m m o n i a . M. P r u d ' h o m m e a d d e d a cupr i c s a l t t o a m i x t u r e of 
s o d i u m h y d r o x i d e a n d c h r o m a t e , a n d o b t a i n e d a ye l lowish-green soln. of s o d i u m 
copper c h r o m a t e . A s imi la r soln . is p r o d u c e d b y boi l ing a n excess of c o p p e r ox ide 
w i t h a soln . of c h r o m i c ox ide in soda- lye . 

Acco rd ing t o F . W o h l e r a n d F . H a u t e n b e r g , 8 s i lver c h r o m a t e c a n b e r e d u c e d 
t o silver subchromate, poss ib ly Ag 4 CrO 4 , a t o r d i n a r y t e m p . T h e b l a c k p o w d e r 
a l w a y s c o n t a i n s s o m e m e t a l ; t h e r e d u c t i o n t o s i lver is c o m p l e t e d a t 50° . T h e 
s u b c h r o m a t e is co loured r e d b y n i t r i c ac id a n d t h e n d issolved ; a n d w i t h di l . ac ids 
a g r een soln. is fo rmed . W . M u t h m a n n s h o w e d t h a t t h e a l leged s u b c h r o m a t e is a 
m i x t u r e of o r d i n a r y s i lver c h r o m a t e a n d s i lver . 

Li. N . V a u q u e l i n 9 o b t a i n e d s i lver c h r o m a t e , Ag 2 CrO 4 , b y d r o p p i n g a di l . soln. 
of p o t a s s i u m c h r o m a t e i n t o a cone . soln. of s i lver n i t r a t e , a n d w a s h i n g t h e d a r k 
r e d d i s h - b r o w n precipitate-—if t h e s i lver n i t r a t e soln. b e d r o p p e d i n t o t h e c h r o m a t e 
soln. , t h e p r e c i p i t a t e is o r ange - r ed , a n d is c o n t a m i n a t e d w i t h t h e p o t a s s i u m sa l t , 
w h i c h is v e r y difficult t o r e m o v e b y w a s h i n g . N . W . F i s c h e r found t h a t s i lver ox ide 
a b s t r a c t s c h r o m i c ac id f rom a soln. of p o t a s s i u m c h r o m a t e l eav ing t h e l iquid a lka l ine , 
b u t a l a rge excess of t h e ox ide does n o t r e m o v e al l t h e c h r o m i c ac id e x c e p t w h e n 
a d d e d in t h e fo rm of i t s a m m o n i a c a l so ln . J . M i l b a u e r o b t a i n e d a 10 pe r cen t , con­
vers ion t o c h r o m a t e w h e n a m i x t u r e of s i lver c a r b o n a t e or ox ide a n d c h r o m i c oxide 
is h e a t e d t o 480° in o x y g e n a t 12 a t m . p ress . C. F reese o b t a i n e d s i lver c h r o m a t e 
b y boi l ing s i lver ox ide for s o m e d a y s w i t h a soln . of p o t a s s i u m c h r o m a t e o r 
d i c h r o m a t e . I . G u a r e s c h i o b t a i n e d s i lver c h r o m a t e b y t h e a c t i o n of a cone . soln. 
of c h r o m i c ac id on s i lver b r o m i d e ; a n d M. Groger , b y t h e a c t i o n of w a t e r on 
a m m o n i u m si lver c h r o m a t e . I t . W a r i n g t o n f o u n d t h a t w h e n s i lver d i c h r o m a t e is 
boiled w i t h w a t e r i t f o rms si lver c h r o m a t e ; a cco rd ing t o E . J a g e r a n d G. Kr i i s s , 
a n d B . M. Margosches , t h e boi l ing shou ld b e c o n t i n u e d a s l ong as a n y t h i n g passes 
i n t o soln . R . W a r i n g t o n also f o u n d t h a t w h e n a n a m m o n i a c a l soln. of si lver 
d i c h r o m a t e is e v a p o r a t e d s p o n t a n e o u s l y , a g reen i sh c r u s t of t h e m o n o c h r o m a t e is 
fo rmed . F . A. G o o c h a n d H . S. B o s w o r t h showed t h a t s i lver is p r e c i p i t a t e d 
q u a n t i t a t i v e l y a s c h r o m a t e b y a d d i n g a n excess of p o t a s s i u m c h r o m a t e t o a soln. 
of s i lver n i t r a t e . T h e c h r o m a t e c a n b e purif ied b y d isso lv ing i t i n a q . a m m o n i a , 
a n d r e p r e c i p i t a t i n g i t b y boi l ing t h e soln . G. P . B a x t e r a n d co-workers descr ibed 
t h e p r e p a r a t i o n of t h e SaIt5 a n d a d d e d t h a t i t c a n b e d r i ed b y h e a t i n g i t for 2 h r s . 
a t 225° in a c u r r e n t of d r y a i r . A c c o r d i n g t o A . L o t t e r m o s e r , b y a d d i n g --ZV-AgNO3 
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t o a n excess of -^iV-CrO3 , col loidal s i lver c h r o m a t e is p r o d u c e d ; t h e hyd roso l soon 
becomes t u r b i d . T h e Cheinische F a b r i k v o n H e y d e n r e p o r t e d t h a t if s i lver c h r o m a t e 
be fo rmed in t h e presence of p r o t e i n s a s p r o t e c t i v e colloid, a n d t h e soln . d i a lyzed , 
o r p r ec ip i t a t ed b y t h e a d d i t i o n of a n ac id , a n d a f t e r w a r d s p e p t i z e d b y di l . a lka l i - lye , 
t h e hydrosol is s t ab le . N . R . D h a r a n d A. C Cha t t e r j i f o u n d si lver c h r o m a t e is 
n o t pep t i zed b y cone. soln. of c a n e - s u g a r ; a n d N . R . D h a r a n d S. G h o s h t h a t i t is 
pep t i zed b y a m m o n i u m n i t r a t e . N . R . D h a r a n d A. C. C h a t t e r j i s t u d i e d t h e 
adso rp t ion of si lver ions b y si lver c h r o m a t e . Accord ing t o F . K o h l e r , w h e n s i lver 
n i t r a t e a n d a m m o n i u m d i c h r o m a t e r e a c t a s a r e s u l t of t h e diffusion w h i c h t a k e s 
p lace w h e n a n a q . soln. of t h e one s a l t is p l a c e d in c o n t a c t w i t h a ge la t in ized so ln . 
of t h e o the r , p r e c i p i t a t i o n r ings a r e f o r m e d w h i c h e x h i b i t r h y t h m i c c h a r a c t e r . 
W h e n t h e a m m o n i u m sa l t is c o n t a i n e d in t h e g e l a t i n l a y e r t h e r ing f o r m a t i o n va r i e s 
w i t h t h e cone, of t h e d i c h r o m a t e . A t low c o n c e n t r a t i o n s , t h e r ings a r e on ly p a r t l y 
deve loped , a n d a t h igh c o n c e n t r a t i o n s t h e y a r e b lu r r ed , b u t ove r a n i n t e r m e d i a t e 
r a n g e t h e r ing s y s t e m is well deve loped . If t h e ge l a t i n l aye r c o n t a i n s t h e s i lver 
sa l t , s imi lar resu l t s a re ob t a ined , e x c e p t t h a t n o r ings a r e f o r m e d w h e n t h e cone , 
is smal l . T h e cone, of t h e gela t in a lso affects t h e r i ng f o r m a t i o n in t h e sense t h a t 
w i t h increas ing cone, t h e r ings become less well d e n n e d . I t s eems p r o b a b l e t h a t 
r h y t h m i c p rec ip i t a t i on p h e n o m e n a in g e l a t i n - w a t e r s y s t e m s a re d e p e n d e n t o n t h e 
ex is tence of a more or less definite r e l a t i on b e t w e e n t h e veloci t ies of diffusion of 
t h e r eac t i ng subs t ances a n d t h e ve loc i ty of c rys t a l l i za t ion of t h e p r o d u c t s of t h e 
r eac t ion . I n t h e r h y t h m i c a l p rec ip i t a t ion of s i lver c h r o m a t e b y m e a n s of a m m o n i u m 
d i c h r o m a t e t h e smal l c rys ta l s of a m m o n i u m n i t r a t e w h i c h a lso s e p a r a t e r h y t h m i c a l l y 
a r e co loured b y si lver c h r o m a t e , be ing yel lowish-green t o r ed , a c c o r d i n g t o t h e cone . 
S imi la r co loured c rys ta l s a r e o b t a i n e d w h e n a soln. of a m m o n i u m n i t r a t e c o n t a i n i n g 
a l i t t l e a m m o n i u m d i c h r o m a t e is m i x e d w i t h a d r o p of s i lver n i t r a t e a n d a l lowed 
t o e v a p o r a t e on a glass sl ide. E x a c t l y s imi lar c rys t a l s a re o b t a i n e d w h e n p o t a s ­
s i u m d i c h r o m a t e is used. N . R . D h a r a n d co-workers s u p p o s e d t h a t t h e r ings a r e 
p r o d u c e d b y t h e coagula t ion of pep t i zed si lver c h r o m a t e . T h e s u b j e c t w a s s t u d i e d 
b y H . Bechold , H . N . H o l m e s , E . H a t s c h e k , R . E . T^iesegang, N . R . D h a r a n d 
A. C. Cha t t e r j i , K . C. Sen a n d N . R . D h a r , A. M. W . Wi l l i ams a n d M. R . M a c K e n z i e , 
T . R . B o l a m a n d M. R . Mackenzie , G. L inck , B . K i sch , M. S. D u n i n a n d 
F . M. Schemjak in , E . C. H . Dav ie s , A . J a n e k , A. S t eopoe , M. S to rz , 
C. K . J a b l c z n y s k y a n d A. Kle in , C. K . J a b l c z y n s k y , F . G. T o y h o r n a n d S. C. B l ack -
t in , P . B . G a n g u l y , R . F r i c k e , W . Os twa ld , F . K o h l e r , H . McGuigan , E . R . Riege l 
a n d M. C. R e i n h a r d , T . R . B o l a m a n d B . N . Desa l , S. S. B h a t n a g a r a n d J . L . Sehgal , 
L.. N . M u k h e r j e e a n d A. C. Cha t te r j i , F . M. Shemjak in , H . Westerhoff, F . P a n n a c h , 
H . W . Morse , W . W . S ieber t , D . N . Ghosh , a n d S. H e d g e s a n d R . V. H e n l e y . 

Si lver c h r o m a t e va r i e s in colour acco rd ing t o t h e m o d e of p r e p a r a t i o n , a n d i t is 
desc r ibed a s fo rming t a b u l a r or ac icu la r c rys t a l s or a d a r k g reen or pu rp l e - r ed 
c rys t a l l ine p o w d e r . R . H u n t t h o u g h t t h a t t h e v a r i a t i o n s in colour d e p e n d e d on t h e 
e x p o s u r e of t h e p o t a s s i u m d i c h r o m a t e soln . t o l ight , for h e sa id t h a t t h e c h r o m a t e 
p r o d u c e d b y t h e ac t in ized soln. h a s a " m u c h m o r e beaut i fu l co lour " t h a n w h e n 
p r o d u c e d b y a soln. of d i c h r o m a t e which h a d n o t b e e n exposed t o l igh t . F . B u s h 
s h o w e d t h a t t h e r e is n o difference in t h e colour of s i lver c h r o m a t e de r ived f rom 
i n s o l a t e d a n d n o n - i n s o l a t e d soln. of p o t a s s i u m d i c h r o m a t e , b u t t h a t t h e r a t e of 
t h e m i x i n g of t h e soln. d e t e r m i n e s t h e difference in t h e colour a n d t h e phys ica l 
c h a r a c t e r i s t i c s of t h e r e su l t i ng s i lver c h r o m a t e . C. F reese , W . A u t e n r i e t h , and. 
B . M. Margosches f o u n d t h a t t h e r e d v a r i e t y is p r o d u c e d b y p r e c i p i t a t i o n f rom a 
s i lver s a l t w i t h a c h r o m a t e or d i c h r o m a t e if t h e si lver is in excess . T h e r e su l t is 
n o t affected b y t e m p . O n t h e o t h e r h a n d , w h e n si lver d i c h r o m a t e is d e c o m p o s e d 
b y co ld or h o t w a t e r , o r w h e n a soln. of s i lver c h r o m a t e or d i c h r o m a t e is e v a p o r a t e d , 
R . W a r i n g t o n , E . J a g e r a n d G. Kr i i s s , W . A u t e n r i e t h , a n d B . M. Margosches 
o b s e r v e d t h a t g r e e n c r y s t a l s a r e p r o d u c e d . I t h a s there fore b e e n sugges ted t h a t 
s i lver c h r o m a t e ex i s t s i n t w o fo rms : (i) r e d — v a r y i n g f rom o r a n g e t o d e e p r edd i sh -
b r o w n ; a n d (ii) g r e e n — v a r y i n g f rom d a r k g reen t o green ish-b lack , b u t r e d in 
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transmit ted light, or in the powdered form. I t has n o t been proved whether this 
is a case of polymorphism, or whether the effect is produced b y the varying sizes 
of the crystall ine granules. !F. Kohler said t h a t bo th silver chromate and 
dichromate can take small quanti t ies of a m m o n i u m or potass ium nitrate into solid 
soln. The colour of pure silver chromate is a lways greenish-black, a n d the red 
substance supposed t o be a separate modification is really a mixture of silver 
chromate and a solid soln. of t h a t salt w i th nitrates. M. Copisarow observed t h a t 
tree-like, dendritic forms are produced w h e n the precipitate is s lowly formed. 
According to J . W . Hetgers, and W . Autenrieth, the red crystals are rhombic 
wi th a pleochroism—pale reddish-brown, and brownish-black—they are n o t 
i somorphous with silver sulphate b u t m a y be so w i th sodium sulphate. 

H . Gr. F . -Schroder gave 5-536 for the sp. gr. of green silver chromate, and 5-523 
for t h a t of the red var ie ty ; and Gr. P . Baxter and co-workers gave 5-625 at 25°/4°, 
for the red crystals ; M. L. D u n d o n , 5-52, a n d the mol . vol . 60-1 at 26°. 
M. Li. D u n d o n gave 2 for the hardness, and 575 ergs per sq. cm. for the surface energy 
a t the interface of the solid and water a t 26°. According to L. N . Vauquel in, silver 
chromate mel ts in the oxidizing name of the blowpipe ; and in the inner flame, i t 
is reduced t o silver and chromic oxide. F . Kohlrausch gave for the sp. electrical 
conduct iv i ty of sat. soln. of silver chromate : 

0-26° 14-82° 18° 3 0 - 7 6 ° 3 7 - 3 0 ° 7 5 ° 
Conduct iv i ty . 0 0 6 6 6 7 0-0 4 l561 0 0 4 1 8 6 0-04350 0-0440O (0-0a160) m h o . 

T. R. Rolam and M. R. MacKenzie found the sp. conduct iv i ty of soln. of silver 
chromate and gelat ine t o be : 
Ag 2 CrO 4 . 0-00333Ar- 0-0025OiV- 0 0 0 1 2 5 ^ - 0-0023&V- 0-001182ST- 0001622V-
M h o x l O - > . 0-8341 0-6841 0 4 6 3 6 0*5916 1-3703 0-4207 
Gelat ine . 3 3 3 1-59 1*59 0*07 per cent . 

The conduct iv i t ies are s l ightly smaller when the gelatine is set t h a n when it is 
l iquid. The e lectromotive force of cells wi th Ag | 0-IiV-AgNO3 , 1OiV-NH4NO3 , x | Ag, 
is 0-1483 vo l t when a? is a sat. soln. of Ag2OrO4 ; 0 1 4 6 9 vo l t wi th the same soln. wi th 
0 -01NaNO 3 ; and 0-2247 vo l t with the salt , soln. of silver chromate plus 0-IiV-K2CrO4 . 

For the reducing act ion of hydrogen, vide supra. Si lver chromate is very 
sparingly soluble in ammonia . Express ing the solubilities, S, in mil l igrams of silver 
chromate per 100 grms. of water, F . Kohlrausch gave ^==2-52 at 18°, from the 
electrical conduct iv i ty ; G. S. Whi tby , >S=2-56 a t 18°, from colorimetric obser­
vat ions ; H. Abegg and A. J. Cox, >S^2-0 a t 25°, from potential measurements ; 
H. Abegg and H. Schafer, >Sr=2-9 at 25°, from the equil ibrium of silver chromate 
and dichromate ; M. S. Sherrill, £>=4- l a t 25°, from the solubil i ty of silver chromate 
in ammonia ; G. S. Whi tby , >S=3-41 at 27°, from colorimetric observations ; 
O. Hahnel , >S=5*4 a t 35°, from the equil ibrium wi th silver iodate and chromate ; 
G. S. Whi tby , >S—5-34 at 50°, from colorimetric observations ; and H. F . Carpenter 
obtained /SY=4-1 a t 100°. Other observations were made by L. IJ. de Koninck and 
E . Nihoul , G. Meinecke, AV. G. Young , and R. F . Carpenter. Tt. Abegg and 
H. Schafer obtained for the solubil i ty product [Ag*]2[Cr04 '] — 2-64 X 1 0 ~ 1 2 at 25°, 
from the equil ibrium between silver chromate and dichromate. M. S. Sherrill 
calculated 9 X 1 0 ~ 1 2 a t 25°, from the solubil i ty of silver chromate in ammonia ; and 
O. Hahnel , 17-7 X 1Or** a t 35°, from the equil ibrium in the reaction 2 A g I 0 3 ' + C r 0 4 " 
^ A g 2 C r 0 4 + 2 I 0 3 ' . B . M. Margosches found t h a t the solubi l i ty is diminished b y 
the presence of Ag'- ions, or Cr0 4 "-ions , but in a cone. soln. of potass ium chromate 
the solubil i ty is increased. The solubil i ty in acids is dependent on the grain-size 
and of the presence of si lver chromate . M. L. D u n d o n observed a 10 per cent, 
increase in the solubi l i ty w h e n t h e particles are reduced t o 0-3/x diameter. J. Krut-
wig found t h a t chlorine l iberates o x y g e n from silver chromate at 200°, forming silver 
chloride and small red crystals of chromium trioxide. The relat ively great solubil ity 
of silver chromate wi th respect t o the chloride explains i ts use as an indicator in the 
t i tration of chlorides by a silver sa l t ; so long as an appreciable amount of chloride 
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is p r e s e n t , s i lver c h r o m a t e is c o n v e r t e d i n t o chlor ide , b u t as soon a s t h e chlor ide 
is al l c o n s u m e d , t h e d a r k r e d co lour of si lver c h r o m a t e a p p e a r s . A c c o r d i n g t o 
A. A . H a y e s , s i lver c h r o m a t e is d e c o m p o s e d b y hyd roch lo r i c ac id a n d so luble 
chlor ides , a n d IJ. Iu. de K o n i n c k a n d E . N ihou l sa id t h a t t h e d e c o m p o s i t i o n of t h e 
c h r o m a t e b y chlor ides , b r o m i d e s , a n d iodides is q u a n t i t a t i v e . B . M. Margosches 
f o u n d t h a t t h e r eac t i on w i t h t h e a lka l i ha l ides is fast on ly w i t h f reshly p r e c i p i t a t e d 
si lver c h r o m a t e . E . R a m a n n a n d H . Sal l inger s t ud i ed t h e s y s t e m : K 2 C r O 4 
- j - A g I 0 3 ^ K I 0 3 + A g 2 C r 0 4 . W . R . H o d g k i n s o n a n d J . Y o u n g s t u d i e d t h e r e d u c ­
t i o n of t h e sa l t b y d r y s u l p h u r d iox ide . A. A. H a y e s found t h a t t h e c h r o m a t e 
is d e c o m p o s e d b y soln . of su lpha t e s . E . C. F r a n k l i n a n d C. A . K r a u s sa id t h a t 
s i lver c h r o m a t e is inso luble in l iqu id a m m o n i a . T h e c h r o m a t e is s lowly d i sso lved 
b y cold, dil . , a q . a m m o n i a , a n d r a p i d l y b y ho t , c o n e , aq . a m m o n i a . T h e so lub i l i ty 
of t h e c h r o m a t e in aq . a m m o n i a was m e a s u r e d b y M. S. Sherr i l l , a n d t h e r e s u l t s 
exp res sed in S mols pe r l i t re : 

N U 4 O H . O O l 0*02 0 0 4 0 - 0 8 
S • . 2 - 0 4 4 I G 9 8 - 5 9 5 1 7 - 5 8 

T h e inc reased solubi l i ty w i th a m m o n i a is a t t r i b u t e d t o t h e f o r m a t i o n of t h e soluble 
c o m p l e x Ag(NHg) 2 CrO 4 . E . Mitscher l ich, G. Meinecke, a n d B . M. Margosches 
o b t a i n e d f rom t h e soln. in cone, a q u a a m m o n i a yel low t e t r a g o n a l c ry s t a l s of s i lver 
t e t ramminochxomate , A g 2 C r 0 4 . 4 N H 3 , wi th t h e ax ia l r a t i o a : c = l : 0*5478. 
H . Topsoe g a v e 2-717 for t h e sp . gr . M. S. Sherr i lFs resu l t s a r e a s follows : 

H N O 3 . . . . 0 0 1 0 - 0 2 0 - 0 4 0 0 7 5 
[Ag*] X l O 8 . . . . 5 - 8 0 8 7 - 4 8 8 1 0 - 0 2 1 2 - 4 1 
[ H C r O 4 ' ] X 1 0 a . . . 2 - 2 4 5 2 - 7 7 5 3-53O 4-22O 
[ C r 2 O / ] X l O 3 . . . 0 - 3 7 7 5 0 - 5 7 7 0 - 9 3 5 1 - 3 3 3 

T h e t e t r a m m i n o c h r o m a t e in a i r loses a m m o n i a m o r e r a p i d l y t h a n t h e s e l ena t e , 
a n d p o t a s h - l y e p r ec ip i t a t e s fu lmina t ing si lver f rom t h e aq . soln. 

]B. M. Margosches found t h a t t h e so lubi l i ty of silver c h r o m a t e in n i t r i c ac id 
d e p e n d s o n t h e age of t h e sa l t . L*. Li. de K o n i n c k a n d K. N i h o u l m e a s u r e d t h e 
so lub i l i ty of t h e c h r o m a t e in n i t r i c acid ; a n d H . !F. Ca rpen te r , t h e so lubi l i ty in soln. 
of t h e n i t r a t e s . M. S. Sherr i l l a n d D . E . E u s s sa id t h a t soln. c o n t a i n i n g m o r e t h a n 
0 0 7 5 2 V - H N O 3 f o rm si lver d i c h r o m a t e ; whi le F . A. Gooch a n d H . S. Bos w o r t h 
sa id t h a t t h e c h r o m a t e is insoluble in dil . n i t r i c ac id in t h e p resence of enough 
p o t a s s i u m c h r o m a t e t o form w i t h t h e n i t r ic ac id , d i c h r o m a t e a n d n i t r a t e ; s i lver 
c h r o m a t e is a lso sa id t o b e insoluble in a soln . of s o d i u m n i t r a t e . F . A. Gooch 
a n d Li. H . W e e d also found t h e c h r o m a t e insoluble in a soln. of silver n i t r a t e ; 
a q . soln. c o n t a i n i n g 3-24 g r m s . of t h e sa l t n a m e d p e r 100 c.c. were f o u n d t o d isso lve 
a t 100° t h e fol lowing a m o u n t s : 

Water NaNO 3 KNO 3 NH 4 NO 8 MgNO3 

A g 2 C r O 4 - 0 - 0 0 4 1 5 0 - 0 0 4 1 5 0 0 1 2 4 O-0207 0-016G 

B . M. Margosches sa id t h a t s i lver c h r o m a t e is p rac t i ca l ly insoluble in a soln. of 
s i lver n i t r a t e , wh i l s t s o d i u m p h o s p h a t e soln. fo rm si lver p h o s p h a t e . Si lver c h r o m a t e 
is p r a c t i c a l l y inso luble in cone , ace t ic acid , b u t some is d issolved b y dil . ace t ic ac id . 
A so ln . of p o t a s s i u m c h r o m a t e a lso dissolves a l i t t le si lver c h r o m a t e . A . J a q u e s 
s t u d i e d t h e r e a c t i o n w i t h e t h y l b r o m i d e . B . Guer in i found t h a t 11-65 p e r cen t , 
a l coho l d issolves 0-0129 g r m . of s i lver c h r o m a t e a t o r d i n a r y t e m p . Acco rd ing 
t o L . N . V a u q u e l i n , severa l m e t a l s i m m e r s e d in w a t e r a n d in c o n t a c t w i t h s i lver 
c h r o m a t e e x e r t a r e d u c i n g ac t i on ; a n d N . W . F i s c h e r sa id t h a t c a d m i u m s e p a r a t e s 
s i lver ; z inc s e p a r a t e s b rown i sh -b l ack , a r b o r e s c e n t s i lver ; t i n , l ead , a n d i ron, a 
b r o w n s p o n g y m a s s ; a r sen ic , a b r o w n p o w d e r ; copper , a n d m e r c u r y h a v e a feeble 
a c t i o n ; a n d a n t i m o n y , n o n e . T h e p r e c i p i t a t e s m a y b e c o n t a m i n a t e d w i t h g reen 
c h r o m i c o x i d e ; a n d t h e l i qu id m a y a c q u i r e a ye l low t i nge f rom t h e p resence of 
c h r o m i c ac id . W i t h a n a m m o n i a c a l soln. of s i lver c h r o m a t e , z inc is sa id t o p r e ­
c i p i t a t e s i lver a n d c h r o m i u m ; c a d m i u m , s i lver ; coppe r , a g r ey p o w d e r ; l ead , s i lver ; 
whi le t i n , i ron , a n d a n t i m o n y g ive n o p r e c i p i t a t i o n . C F r e e s e o b s e r v e d t h a t a soln. 
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of p o t a s s i u m h y d r o x i d e e x t r a c t s all t h e c h r o m i c ac id f rom si lver c h r o m a t e . 
J . F . Gr. H i c k s a n d W . A. Cra ig f o u n d t h a t s i lver c h r o m a t e u n d e r g o e s a r e a c t i o n 
w i t h a n e q u i m o l a r m i x t u r e of fused p o t a s s i u m a n d s o d i u m n i t r a t e s a t a b o u t 240° , 
fo rming bas ic c h r o m a t e a n a l o g o u s t o a h y d r o l y t i c r eac t i on . A s t a t e of e q u i l i b r i u m 
is e s t ab l i shed ; b u t w i t h fused s o d i u m ch lo r ide , a t a b o u t 870°, t h e r e a c t i o n is 
c o m p l e t e . P . H a y a n d J . D a s g u p t a p r e p a r e d a c o m p l e x w i t h h e x a m e t h y l e n e -
t e t r a m i n e . S. J . T h u g u t t f o u n d t h a t a r a g o n i t e is co loured r e d wh i l s t ca lc i te is 
n o t c h a n g e d w h e n t h e mine ra l s a r e t r e a t e d w i t h 0-I iV-AgNO 3 , a n d a f t e r w a r d s 
w e t t e d w i t h a 20 p e r c e n t . soln . of p o t a s s i u m d i c h r o m a t e . 

M. Groger o b t a i n e d a p r e c i p i t a t e b y t h e a c t i o n of a n a l m o s t s a t . soln. of p o t a s ­
s i u m c h r o m a t e on s i lver n i t r a t e . T h e p r e c i p i t a t e c o n t a i n e d p o t a s s i u m a n d s i lver 
c h r o m a t e s , b u t he cou ld n o t dec ide w h e t h e r t h e s e were m e c h a n i c a l l y m i x e d or 
c o m b i n e d a s potassium silver chromate. M. Groge r p r e p a r e d a m m o n i u m si lver 
c h r o m a t e , (NH 4 J 2 CrO 4 -SAg 2 CrO 4 , b y d r o p p i n g a cone . soln. of s i lver n i t r a t e i n t o a 
cold, s a t . soln. in a m m o n i u m c h r o m a t e , a n d a l lowing t h e m i x t u r e t o s t a n d for some 
weeks ; h e also o b t a i n e d t h e s a m e sa l t b y t h e a c t i o n of s i lver n i t r a t e o n an 
a m m o n i a c a l soln . of a m m o n i u m c h r o m a t e . T h e g a r n e t - r e d p o w d e r or h e x a g o n a l 
c ry s t a l s a r e d e c o m p o s e d b y h e a t , a n d b y w a t e r . 

N . A. Orloff 1 0 p r e p a r e d a n o range-co loured soln . of go ld c h r o m a t e , Au2(CrO4)^5 
b y a d d i n g a soln. of au r i c ch lor ide t o a n excess of f reshly p r e c i p i t a t e d s i lver c h r o m a t e , 
a n d filtering off t h e s i lver ch lor ide . If t h e cone . soln. be e v a p o r a t e d i n a des icca to r , 
c ry s t a l s w i t h t h e c o m p o s i t i o n A u 2 ( C r 0 4 ) 3 . C r 0 3 a r e fo rmed . 

I n t h e e x t r a c t i o n of c h r o m i u m b y t h e ca l c ina t ion of a m i x t u r e of c h r o m i t e a n d 
l imes tone , c a l c i u m c h r o m a t e , CaCrO 4 , is f o r m e d as a n i n t e r m e d i a t e p r o d u c t — v i d e 
supra. J . Mi lbaue r obse rved a 56-9 p e r cen t , conver s ion t o c h r o m a t e w h e n a 
m i x t u r e of c h r o m i c ox ide a n d ca l c ium ox ide or c a r b o n a t e is h e a t e d t o 480° in o x y g e n 
a t 12 a t m . p re s s . M. "R. N a y e r l:L a n d co-workers found t h a t c a l c ium a n d c h r o m i c 
oxides beg in t o i n t e r a c t in t h e p resence of a i r t o fo rm ca l c ium c h r o m a t e a t 650° ; 
a t 700°, a 95 p e r cen t , y ie ld of c h r o m a t e is o b t a i n e d w i t h m i x t u r e s c o n t a i n i n g 2 
e q u i v a l e n t s of ca l c ium ox ide t o 1 of c h r o m i c ox ide a n d a 60 pe r c e n t , y ie ld w h e n 
t h e r a t i o is 1 : 1. I n t h e p resence of excess of c a l c ium ox ide , e q u i l i b r i u m is a t t a i n e d 
a t a b o u t 800°, a l t h o u g h p u r e ca l c ium c h r o m a t e does n o t beg in t o d e c o m p o s e u n t i l 
1000° is r e a c h e d . A m i x t u r e of ca l c ium oxide , s o d i u m c a r b o n a t e , a n d c h r o m i u m 
t r i o x i d e (1-7 : 0-65 : 1) g a v e a q u a n t i t a t i v e y ie ld of c h r o m a t e in 4 h r s . a t 660° a n d 
in 5 m i n u t e s a t 1050°. K . H e r r m a n n a n d co -worke r s f o u n d t h a t t h e c ry s t a l s a r e 
r h o m b i c b i p y r a m i d s a n d t h a t t h e c r y s t a l u n i t c o n t a i n s 4 mols , a n d h a s a = 7-45 A., 
?> = 1 0 3 A., a n d c = 5 - 8 5 A. W h e n ca l c ium c h r o m a t e is d e c o m p o s e d b y h e a t n o 
bas ic s a l t s a r e fo rmed . As s h o w n b y T. T h o m s o n , a n d H . Moser , a soln. of ca l c ium 
chlor ide s lowly fo rms a p r e c i p i t a t e w h e n t r e a t e d 
w i t h p o t a s s i u m d i c h r o m a t e ; a s s h o w n b y J . F . B a h r , 
t h e p r e c i p i t a t e va r i e s in compos i t i on , a c c o r d i n g t o 
t h e cond i t i ons , f rom CaCrO 4 t o 5CaCrO 4 -K 2 CrO 4 . 
If free ace t i c ac id be p r e s e n t , H . K a m m e r e r , a n d 
F . T . F r e r i c h s o b s e r v e d n o p r e c i p i t a t i o n ; a n d 
F . K u h l m a n n f o u n d t h a t c a l c i u m c a r b o n a t e is on ly 
p a r t i a l l y c o n v e r t e d i n t o t h e c h r o m a t e b y a soln. of 
p o t a s s i u m c h r o m a t e ; l i m e - w a t e r g ives n o p r e c i p i t a t e 
w i t h a soln. of p o t a s s i u m c h r o m a t e . F . Myl ius a n d 
J . v o n W r o c h e m o b t a i n e d t h e a n h y d r o u s c h r o m a t e 
b y h e a t i n g t h e h y d r a t e d salt—Gr. N . Wyroubof f 
sa id a t 300°—or b y w a r m i n g a s u p e r s a t u r a t e d soln. , 
c o n t a i n i n g 15 t o 20 p e r c e n t . CaCrO 4 , ove r 36° . T h e 
yel low p o w d e r cons is t s of fine need les . L*. Bourgeo i s 
o b t a i n e d c ry s t a l s of t h e a n h y d r o u s c h r o m a t e b y 
m e l t i n g a m i x t u r e of 2 eq . of c a l c ium chlor ide w i t h a n eq . e ach of p o t a s s i u m a n d 
s o d i u m c h r o m a t e s . D . V o r l a n d e r a n d H . H e m p e l o b s e r v e d n o t r a n s f o r m a t i o n i n t o 
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a n i so t ropic form when t h e a lka l ine e a r t h c h r o m a t e s a r e h e a t e d . T h e sa t . , a q . 
soln. a t 18° h a s a s p . gr. 1-023 a n d c o n t a i n s 2-3 per cen t . CaCrO 4 . I t is v e r y 
s t ab le , a n d is n o t h y d r a t e d b y s t a n d i n g for a y e a r in c o n t a c t w i t h w a t e r . T h r e e 
h y d r a t e s h a v e been r e p o r t e d . T h e p e r c e n t a g e solubi l i ty , /S, of s t a b l e CaCrO 4 is : 

o° 
4 - 3 1 

2 0 ° 
2 - 2 3 

8 0 ° 
1-92 

5 0 ° 
1 1 1 

7 0 ° 
0-8O 

100° 
0 - 4 2 

The resul t s a re p l o t t e d in F i g . 4 8 . B y m i x i n g a 15 p e r cen t . soln. of c a l c ium 
c h r o m a t e w i t h ca lc ium ch lor ide or glycerol , a n d r a p i d l y w a n n i n g t o 100°, smal l , 
d o u b l y ref ract ing, p r e s u m a b l y r h o m b i c c ry s t a l s of t h e hemihydrate, C a C r O 4 . \ H 2 O , 
are formed. T h e y lose w a t e r a t 400° ; a n d a soln. , s a t . a t 18°, h a s 4-4 p e r c e n t . 
CaCrO4 , a n d a sp . gr . of 1-044. T h e p e r c e n t a g e solubi l i ty , S9 of t h e u n s t a b l e 
h e m i h y d r a t e , F i g . 48 , is : 

0 ° 
6-80 

18° 
4 * 4 

3 0 ° 
3 - 6 6 

5 0 ° 
1-60 

70° 
1 IO 

100° 
0 - 8 0 

1 8 ° 
9-0O 

2 5 ° 
9 - 0 9 

4 0 ° 
7 - 8 3 

6 0 ° 
5-75 

75° 
4 - 5 8 

100° 
3-1O 

Accord ing t o H . v o n Fou l lon , t h e monohydrate, CaCrO 4 -H 2 O, is p r o d u c e d w h e n 
t h e mothe r - l i quor f rom t h e d i h y d r a t e is e v a p o r a t e d over 25° ; a n d F . Myl ius a n d 
J . v o n W r o c h e m o b t a i n e d i t b y h e a t i n g t h e r h o m b i c /3 -d ihydra te a t 12°. T h e 
orange- red , r hombic , b i p y r a m i d a l c ry s t a l s were f o u n d b y F . v o n F o u l l o n t o h a v e 
t h e axia l r a t ios a : h : c = 0 - 6 2 9 6 : 1 : 0-6404. O. N . Wyroubof f g a v e 0-9917 : 1 : 0-7995 
a n d sa id t h a t t h e c rys t a l s a r e s imi lar t o t h o s e of a n h y d r i t e . T h e sp . gr . is 2-793 
a t 15°, a n d t h e mol . vol . 62-4. F . Myl ius a n d J . v o n W r o c h e m sa id t h a t t h e d a r k 
yel low, four-sided, d o u b l y re f rac t ing p y r a m i d s d o n o t effloresce v e r y m u c h a t 
o r d i n a r y t e m p . T h e soln. s a t . a t 18° h a s a sp . gr . 1-096, a n d c o n t a i n s 9-6 p e r cen t , 
of CaCrO 4 . T h e pe r cen t age so lubi l i ty , Sy F i g . 48 , of t h e u n s t a b l e m o n o h y d r a t e , is 

J . F . B a h r said t h a t w h e n ca l c ium c a r b o n a t e is t r e a t e d wi th a soln. of c h r o m i c 
acid , t h e d i h y d r a t e , CaCrO 4 . 2H 2 O, is fo rmed ; a n d M. S iewer t o b t a i n e d t h e d i h y d r a t e 
b y e v a p o r a t i n g in v a c u o a soln. of t h e c a r b o n a t e in ch romic acid . H . v o n F o u l l o n 
sa id t h a t t h e d i h y d r a t e ex i s t s in t w o forms . The re is first t h e labile or a-dihydrate 
o b t a i n e d b y t h e slow e v a p o r a t i o n below 25° of t h e mo the r - l i qu id f rom t h e bas ic 
sa l t , or u p t o 65° in t h e p resence of su lphu r i c acid. F . Mylius a n d J . v o n W r o c h e m 
o b s e r v e d t h a t i t s e p a r a t e s f rom a s u p e r s a t u r a t e d soln. of ca lc ium c h r o m a t e a t r o o m 
t e m p . T h e su lphur-ye l low, monocl in ic c rys t a l s resemble those of t h e d i h y d r a t e d 
ca l c ium s u l p h a t e . T h e r e is t h e s t ab le or /3-dihydrate o b t a i n e d b y a l lowing t h e 
a - fo rm t o s t a n d in c o n t a c t w i t h a sa t . soln. of ca lc ium c h r o m a t e ; i t a lso s e p a r a t e s 
w h e n t h e s a t . soln . is a l lowed t o s t a n d for a week. H . v o n Fou l lon o b t a i n e d c r y s t a l s 
b y e v a p o r a t i n g a soln. a t 22°. A . F o c k also descr ibed t h e p r e p a r a t i o n of t h e 
d i h y d r a t e , a n d accord ing t o A. F o c k , a n d H . v o n Foul lon , t h e pa le yel low, r h o m b i c 
c ry s t a l s d o n o t r e semble t hose of g y p s u m . The ax ia l r a t i o s a r e a : b : c 
= 0 - 6 9 4 2 : 1 : 0 7 3 8 8 . T h e (lOO)-cleavage is comple te . C N . Wyroubof f cou ld 
n o t p r e p a r e t h e d i h y d r a t e . M. S iewer t sa id t h a t t h e d i h y d r a t e loses i t s w a t e r w h e n 
s t r o n g l y h e a t e d , a n d e v e r y t i m e i t is h e a t e d i t becomes c i n n a b a r - r e d . F . Myl ius 
a n d J . v o n W r o c h e m found t h a t t h e y8-dihydrate a t 12° forms t h e m o n o h y d r a t e . 
A t 18°, t h e s a t . a q . soln. of t h e a - fo rm c o n t a i n s 14-3 p e r cen t , of CaCrO 4 a n d h a s a 
s p . gr . of 1-149 ; whi le w i t h t h e /J-form t h e r e is p r e s e n t 10-3 p e r cen t , of CaCrO 4 
a n d t h e sp . gr . is 1-105. M. Siewer t , a n d H . Schwarz m a d e o b s e r v a t i o n s on t h e 
so lub i l i ty . F . Myl ius a n d J . v o n W r o c h e m found t h a t t h e p e r c e n t a g e solubi l i t ies 
JS9 F i g . 4 8 , a r e : 

0° 20° 45° 0° 20° 40° 
S . 14-70 14-20 12*40 9-83 10-20 10-40 

v v / v _ _ v _ ^ 
a-dihydrate ^-dihydrate 

The t r a n s i t i o n t e m p , for j S - d i h y d r a t e ^ m o n o h y d r a t e is 10-20° w i t h 14 p e r c e n t . 
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CaCrO4- P . K o h l r a u s c h m e a s u r e d t h e e lec t r ica l c o n d u c t i v i t y of a q . soln. of t h e 
sa l t , -while H . H . H o s f o r d a n d H . C. J o n e s f o u n d for t h e m o l . c o n d u c t i v i t y , /x m h o s , 
b e t w e e n 0° a n d 35°, a n d S. F . H o w a r d a n d H . C. J o n e s b e t w e e n 35° a n d 65°, t h e 
following va lues , w h e n a m o l of t h e sa l t is d issolved in v l i t res : 

. 
f 0° 
I 12*5° 
{ 25° 

35° 
V 65° 
r o° 
\ 65° 

8 
62 
86 

113 
. 134 

2OO 
. 49-70 

65-02 

16 
69 
96 
126 
147 
229 
85-64 

32 
77 
108 
142 
169 
260 
6219 
77Ol 

128 
97 

135 
179 
214 
337 
78-55 
86-41 

512 
114 
16O 
212 
255 
412 
91-9O 
9 3 1 9 

1024 
119 
168 
223 
27O 
428 
9 6 1 2 
96-18 

2048 

288 
98-54 
97-60 

4096 
124 
173 
23O 
279 
: 
ioooo 
100-00 

T h e p e r c e n t a g e ion iza t ion , ex, h a s also b e e n ca l cu l a t ed . 
H . Car on a n d D . A . R a q u e t f o u n d d i h y d r a t e d ca l c ium c h r o m a t e t o be soluble 

in ac ids a n d in di l . a lcohol . C. H . F r e s e n i u s f o u n d t h a t 100 c.c. of 29 pe r cen t , 
a lcohol dissolve 1-216 g r m s . c a l c i u m c h r o m a t e , a n d 100 c.c. of 5 3 p e r cen t , a lcohol , 
0*88 g r m . T h e a n h y d r o u s s a l t is inso lub le in a b s o l u t e a lcohol ; a n d A. N a u m a n n 
obse rved t h a t i t is inso lub le in a c e t o n e . F . G u t h r i e o b s e r v e d t h a t m o l t e n s o d i u m 
n i t r a t e d issolves 0*547 g r m . of t h e sa l t . J . F . Gr. H i c k s a n d W . A. Cra ig found t h a t 
e q u i m o l a r m i x t u r e of fused s o d i u m a n d p o t a s s i u m n i t r a t e s , a t a b o u t 870°, r e a c t s 
w i t h ca l c ium c h r o m a t e fo rming bas ic s a l t s a n d e n t e r i n g i n t o a s t a t e of equ i l i b r i um 
a n a l o g o u s t o a h y d r o l y t i c r e a c t i o n . L . K a h l e n b e r g a n d W . J . T r a u t m a n n found 
t h a t w h e n ca l c ium c h r o m a t e is m i x e d w i t h si l icon a n d h e a t e d i n t h e e lectr ic a rc 
fu rnace t h e r e is a s t r o n g r eac t i on , b u t i n t h e b u n s e n b u r n e r t h e r e is a s l igh t r e ac t i on . 
J . B . H a n n a y o b t a i n e d potassium, calcium, sulphatochromates, K 2 C r O 4 - C a S O 4 9 H 2 O ; 
2 K 2 C r O 4 - C a S O 4 ; a n d K 2 C r 0 4 . C a S 0 4 . N a 2 S 0 4 . H 2 0 . H . v o n F o u l l o n o b t a i n e d t h e 
bas ic sa l t , c a l c i u m o x y e h r o m a t e , C a O . C a C r 0 4 . 3 H 2 0 , b y w a r m i n g t o 50°—60°, a 
soln . of ca l c ium c a r b o n a t e in a di l . a q . soln. of c h r o m i c ac id ; or , a cco rd ing t o 
F . Myl ius a n d J . v o n W r o c h e m , f rom a soln . of c h r o m i c ac id s u p e r s a t u r a t e d w i t h 
ca l c ium h y d r o x i d e . T h e l emon-ye l low, monoc l in ic p r i s m s h a v e t h e ax ia l r a t i o s 
a : & : c = l - 0 3 1 1 : 1 : 0*6500, a n d / 9 = 9 8 ° 1 3 ' . 100 p a r t s of w a t e r d issolve 0-435 
p a r t of t h e sa l t . 

K . S. Nargnnd and H . E . Wat son found t h a t when calcium chromate is heated to 1030° 
a t less t h a n 2O m m . press. , calcium cHchromitochromate, 3CaO.Cr2O8.CrO3, is formed ; 
if the press, be 2 mm., calcium hexachromito&^chromate, 8CaO.3Cr2O3.2CrO3, is produced ; 
and a t lower press. , calcium tetrachro ml to chromate, 5CaO. 2Cr2O8. CrO3, results, and it lias 
no measurable dissociation press, a t 1030°. If calcium chromate mixed with lime is heated, 
calcium oxy&ischromate, CaO. 2CaCrO4, is formed, and it readily decomposes, forming 
calcium dichromito^e^/cschromate, 12CaO.Cr2O3.6CrO3, with a dissociation press, of 270 m m . 
a t 910°; and i t decomposes, forming calcium dichromitog^alerchromate, 9CaO.Cr2O3.4CrO3, 
wi th a dissociation press, of 22 m m . a t 920°. This product is also formed when a mixture 
of calcium oxide and chromate is heated in air ; t he black compound is soluble in dil. acids, 
and when heated to 1030° furnishes calcium dlchromito^r^chromate, 6CaO.Cr2O3.3CrO3. 
A mixture of calcium chromate and chromic oxide yields calcium dichromitoZ>i/*cnromate, 
2CaO.Cr2Os.2CrOs, with a dissociation press, of 150 m m . a t 1030°, and finally a chromite. 

A. D u n c a n f o u n d t h a t a soln . of f reshly b u r n t l ime in a n a q . soln . of p o t a s s i u m 
d i c h r o m a t e , w h e n e v a p o r a t e d , g ives o range-ye l low c rys t a l s of p o t a s s i u m c a l c i u m 
Chromate, K 2 CrO 4 -CaCrO 4 , w h i c h a r e t h e monohydrate if t h e c rys ta l l i z ing soln. is 
boi l ing, a n d t h e dihydrate, if t h e soln . is a t 80° . E . Schweizer o b t a i n e d t h e d i h y d r a t e 
b y s a t u r a t i n g a n o t t o o cone . soln . of p o t a s s i u m d i c h r o m a t e w i t h ca l c ium h y d r o x i d e , 
pas s ing a c u r r e n t of c a r b o n d iox ide t h r o u g h t h e c lea r l iqu id , a n d e v a p o r a t i n g t h e 
soln. a t 30°—40°. T h e c r y s t a l s of t h e d i h y d r a t e a r e l emon-ye l low. T h e r e is fo rmed 
a t t h e s a m e t i m e a b r o w n c rys t a l l i ne c r u s t of K 2 C r O 4 . 4 C a C r O 4 . 2 H 2 O , w h i c h is 
eas i ly s e p a r a t e d f rom t h e l emon-ye l low c r y s t a l s of t h e d i h y d r a t e . M. Groger 
o b t a i n e d i t b y e v a p o r a t i n g o n a w a t e r - b a t h a n a l m o s t s a t . soln. of p o t a s s i u m 
c h r o m a t e c o n t a i n i n g 4 e q . of J^-CaCl2 . M. B a r r e f o u n d t h a t b y t h e d i rec t ac t ion 
of c a l c i u m c h r o m a t e o n so ln . of p o t a s s i u m c h r o m a t e a t t e m p , below 45°, large 
r h o m b i c p r i s m s of t h e s a l t K 2 C r 0 4 . C a C r 0 4 . 2 H 2 0 a r e o b t a i n e d . These , in c o n t a c t 
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wi th a soln. of p o t a s s i u m c h r o m a t e a t 60°, slowly d i sappear , a n d smal l , h e x a g o n a l 
p r i s m s of t h e a n h y d r o u s sal t , K 2 CrO 4 -CaCrO 4 , a re formed. B o t h these s a l t s a r e 
decomposed b y wa t e r . F . S to lba , a n d F . Mohr m a d e some obse rva t ions o n t h i s 
sa l t . G. N . Wyrouboff sa id t h a t t h e c rys ta l s a re d i m o r p h o u s since t h e r e is a n 
a - fo rm occurr ing in yellow tr ic l inic p inaco ids a : b : c = 0 - 6 5 9 1 : 1 : 0-4383, a n d 
c t = 7 8 ° 16' , , 8 = 1 0 1 ° 3 ' , a n d y = 8 3 ° 8 ' . T h e (101)-cleavage is comple te , a n d t h e 
(101)-cleavage is d i s t inc t . T h e sp . gr . is 2-411 a t 15°, a n d t h e mo l . vo l . 160-5. 
T h e b rown /J-form also occurs in t r icl inic p inacoids w i t h t h e ax i a l r a t i o s a : b : c 
= 0 - 7 5 1 6 : 1 : 0-8807, a n d a = 8 6 ° 0 ' , £ = 9 4 ° 4 1 ' , a n d y = 8 1 ° 3 7 ' . T h e (010)-cleavage 
is nea r ly comple te . T h e sp . gr . is 2-596 a t 15°, a n d t h e mo l . vol . 149-3. T h e 
a- form is p r o d u c e d before t h e y8-form. A. R a k o w s k y said t h a t t h e ot-form* is n o t 
s t ab l e a b o v e 20°, a n d G. N . Wyrouboff a d d e d t h a t i t begins t o give off w a t e r a t 
100°, a n d is comple te ly d e h y d r a t e d a t 120°. A. R a k o w s k y found t h a t t h e a,-variety 
is less soluble t h a n t h e /?-form. W a t e r a t 0° a n d 15° dissolves respec t ive ly 23-06 
a n d 25-06 p a r t s of t h e a-form, a n d respect ively 23-01 a n d 24-45 p a r t s of the /3- form. 
T h e h e a t s of soln. of t h e a- and/3-forms are, respect ively , —6-99 CaIs. a n d —5-45 CaIs. 
H . G. F . Schroder gave 2-502 for t h e sp . gr . of t h e sa l t . E . Schweizer sa id t h a t t h e 
sa l t loses w a t e r w h e n hea ted , a n d becomes reddish-yel low while h o t . I t me l t s a t 
a dul l r e d - h e a t a n d forms, w h e n cold, a crys ta l l ine cake . A. D u n c a n sa id t h a t t h e 
sa l t wh ich h a s been fused dissolves readi ly in wa te r , b u t n o t i n a lcohol ; a n d 
M. Groger a d d e d t h a t t h e sa l t is soluble in cold w a t e r w i t h o u t decompos i t ion . 
E . Schweizer found t h a t t h e aq . soln. decomposes on e v a p o r a t i o n fo rming 
K 2 CrO 4 . 4CaCrO 4 . 2H 2 O. According to E . Schweizer, po tas s ium c a l c i u m quin-
q u e m o n o c h r o m a t e , K 2 CrO 4 . 4CaCrO 4 . 2H 2 O, is ob ta ined , as i n d i c a t e d a b o v e . 
H . G-. F . Schroder gave 2-787 for t h e sp . gr . I n a d d i t i o n t o t h e dihydrate, 
G. N . Wyrouboff ob ta ined yellow hemiheptahydrate, K 2 C r O 4 . 4 C a C r O 4 . 3 J H 2 O , b y 
s a t u r a t i n g a cold, cone. soln. of po t a s s ium d i c h r o m a t e w i t h ca lc ium oxide , a n d 
a l lowing t h e filtered soln. t o s t a n d over su lphur ic ac id in a w a r m p lace . J . F . B a h r 
f o u n d t h a t po tass ium c a l c i u m s e x i m o n o c h r o m a t e , K 2 C r 0 4 . 5 C a C r 0 4 , s e p a r a t e d 
d u r i n g t h e e v a p o r a t i o n of a soln. of ca lc ium chlor ide a n d p o t a s s i u m c h r o m a t e . 
T h e yel low, g r a n u l a r sa l t dec rep i t a t e s w h e n hea t ed , a n d dissolves in w a t e r . 
M. Groger could not prepare ammonium calcium chromate. 

A. O s a n n f o u n d in t h e caliche depos i t s of A t a c a m a , Chili, a sa l t wh ich h a d a 
compos i t i on cor respond ing wi th c a l c i u m iodatochxomate , 7Ca( IO a ) 2 .8CaCrO 4 , 
a n d t h e m i n e r a l was cal led d ietzei te—after A. Die tze , w h o h a d p rev ious ly obse rved 
t h e c o m p l e x sa l t in t h e s a m e deposi t . B . Gossner a n d F . Mussgnug ' s e x a m i n a t i o n 
s h o w e d t h a t t h e compos i t ion a p p r o x i m a t e s C a ( I 0 3 ) 2 . C a C r 0 4 , a n d B . Gossner con­
s idered t h a t t h e i o d a t e a n d c h r o m a t e furnish i somor phous m i x t u r e s . Accord ing 
t o A. Osann , t h e colour of d ie tze i te is golden-yel low. T h e c rys ta l s a re p r i s m a t i c 
a n d t a b u l a r ; b u t t h e mine ra l is c o m m o n l y fibrous t o co lumnar . T h e ax ia l r a t i o s 
of t h e monocl in ic c rys ta l s a re a : b : c = l - 3 8 2 6 : 1 : 0-9515, a n d / 3 = 7 3 ° 2 8 ' . 
B . Gossner a n d F . Mussgnug found t h a t t h e X - r a d i o g r a m s cor respond wi th a = 10-6 A., 
b==7-30 A., c = 1 4 - 0 3 A., a n d £ = 106° 32 ' . Th i s gives t h e ax ia l r a t i o s a : b : c 
= 1*392 : 1 : 1-922 ; t h e e l e m e n t a r y cell has t h e v o l u m e 997 X 1 O - 2 4 c.c. Accord ing 
t o A. O s a n n , t h e (1(X))-cleavage is imper fec t ; t h e lus t re is v i t r eous ; a n d t h e 
f r ac tu re , conchoida l . T h e op t ica l c h a r a c t e r is pos i t ive a n d t h e op t ica l ax ia l angle 
2G=S7° t o 88° . T h e h a r d n e s s is 3 t o 4 ; a n d t h e s p . gr. 3-698. B . Gossner a n d 
F . M u s s g n u g ca l cu la t ed 3-617 for t h e sp . gr . The sa l t is soluble in h o t wa te r , a n d 
t h e soln. , on cooling, depos i t s c rys ta l s of C a ( 1 0 3 ) 2 . 6 H 2 0 . 

W h e n a soln. of s t r o n t i u m chlor ide is t r e a t e d w i t h p o t a s s i u m c h r o m a t e , 
s t r o n t i u m chromate , S rCrO 4 , is p r e c i p i t a t e d . J . D . S m i t h obse rved t h a t n o 
p r e c i p i t a t i o n occurs w i t h di l . soln. ; J . W . Dobere ine r , t h a t a q . soln. of s t r o n t i u m 
h y d r o x i d e g a v e n o p r e c i p i t a t e ; a n d H . K a m m e r e r , a n d F . T . F re r i chs , t h a t n o 
p r e c i p i t a t i o n occurs if t h e soln. be acidified w i t h ace t ic acid , b u t H . Ca r on a n d 
D . A . R a q u e t f o u n d t h a t if t h e soln. be n e u t r a l i z e d w i t h a m m o n i a , a n d t r e a t e d w i t h 
alcoBbi, s t r o n t i u m c h r o m a t e is p r ec ip i t a t ed . A* de S c h u l t e n o b t a i n e d t h e c rys ta l l ine 
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s a l t b y dissolving 25 gr ins , of S r ( H O ) 2 - ^ H 2 O a n d 30 g r m s . of p o t a s s i u m d i c h r o m a t e 
i n 1OO c.c. of w a t e r h e a t e d o n a w a t e r - b a t h , a n d a d d i n g d r o p b y d r o p 0-3 p e r cen t . 
a m m o n i a . L.. Bourgeo i s o b t a i n e d t h e c rys t a l l i ne s a l t b y m e l t i n g a m i x t u r e of 
s t r o n t i u m chlor ide a n d s o d i u m a n d p o t a s s i u m c h r o m a t e s a s i n t h e case of t h e 
ca l c ium sa l t . T h e pa l e ye l low p o w d e r cons is t s of monoc l in ic p r i s m s or p l a t e s which , 
a cco rd ing t o A. d e S c h u l t e n , h a v e t h e ax ia l r a t i o s a : b : c = 0 - 9 6 6 6 : 1 : 0-9173, a n d 
^8=102° 4 3 ' . E . H e r l i n g e r s t u d i e d t h e s t r u c t u r e of t h e c rys t a l s ; a n d L . Bourgeo i s 
sa id t h a t t h e y a r e i s o m o r p h o u s w i t h t h o s e of b a r i u m a n d ca l c ium c h r o m a t e s , a n d 
w i t h t h e s u l p h a t e . W . A u t e n r i e t h obse rved t h a t s t r o n t i u m c h r o m a t e fu rn i shes 
b u n d l e s of long , s lender , h igh ly re f rac t ing need les , or, w h e n s e p a r a t i n g f rom v e r y 
di l . soln. , i t furnishes t h i c k p r i s m s of h e x a g o n a l h a b i t . T h e l a t t e r a p p e a r s t o b e a 
labi le fo rm w h i c h is s lowly c o n v e r t e d i n t o t h e fo rmer . H . G. !F. Sch rode r g a v e 
3-353 for t h e sp . gr . , a n d A. d e S c h u l t e n , 3-895 a t 15°. A c c o r d i n g t o C. H . F r e s e n i u s , 
100 p a r t s of A1Vater a t 15° dissolve 0-12 p a r t of s t r o n t i u m c h r o m a t e ; a n d 
I . Mesch t sche r sky , 0-119 p a r t a t 16°. F . K o h l r a u s c h f o u n d t h a t 100 c.c. of a soln. 
a t 18° c o n t a i n 0-12 g r m . S r C r O 4 ; a n d C. R e i c h a r d , t h a t w a t e r a t 10° dissolves 0-465 
pe r cen t . ; a t 20°, 1-000 p e r c e n t . ; a t 50° , 2-417 p e r c e n t . ; a n d a t 100°, 3 0 0 0 per­
cen t . F . R a n s o m m a d e some o b s e r v a t i o n s o n t h i s sub j ec t . H . Car on a n d 
D . A. R a q u e t sa id t h a t t h e so lub i l i ty in w a t e r is l owered b y t h e a d d i t i o n of a lcohol . 
C. R e i c h a r d found t h a t t h e c h r o m a t e is freely so luble i n h y d r o c h l o r i c , n i t r i c , or aq . 
c h r o m i c ac ids ; W . A u t e n r i e t h , a n d H . Ca r on a n d D . A. R a q u e t , t h a t i t is freely 
soluble in ace t ic acid—-I. M e s c h t s c h e r s k y sa id spa r ing ly so luble . C. R . F r e s e n i u s 
obse rved t h a t 100 c.c. of 29 p e r cen t , a lcohol d issolve 0*0132 g r m . of s t r o n t i u m 
c h r o m a t e ; a n d 1OO c.c. of 5 3 p e r cen t , a lcohol , 0-002 g r m . E . D u m e s n i l s a id t h a t 
i t is r ead i ly soluble in a soln. of a m m o n i u m ch lo r ide , so t h a t IOO c.c. of a s a t . soln . 
of a m m o n i u m chlor ide , o n boil ing, eas i ly dissolve a g r a m of t h e c h r o m a t e . 
C R . F r e s e n i u s obse rved t h a t 100 p a r t s of a 0-5 p e r cen t . soln. of a m m o n i u m ch lo r ide 
a t 15° dissolve 0*195 p a r t of s t r o n t i u m c h r o m a t e ; 1OO p a r t s of 1 p e r cen t , ace t ic 
acid, 1-57 p a r t ; a n d 100 c.c. of 0-75 p e r c e n t , ace t i c ac id m i x e d w i t h a l i t t le 
a m m o n i u m c h r o m a t e , dissolve 0-287 p a r t . F . G u t h r i e a d d e d t h a t m o l t e n s o d i u m 
n i t r a t e dissolves 2*133 pe r cen t , of s t r o n t i u m c h r o m a t e . S t r o n t i u m c h r o m a t e h a s 
been used a s a p igment— l emon-ye l low, strontian, yellow, jauiie de slronliane, giallo 
di stronziana, a n d amarillo di estronciana. 

M. Groger p r e p a r e d p o t a s s i u m s t r o n t i u m c h r o m a t e , K 2 CrO 4 -S rCrO 4 , b y t h e 
ac t ion of a n a l m o s t s a t . so ln . of p o t a s s i u m c h r o m a t e c o n t a i n i n g 4 eq . of .ZV^SrCl2. 
M. B a r r e a lso p r e p a r e d th i s sa l t . T h e ye l low c r y s t a l s a r e d e c o m p o s e d b y w a t e r 
i n t o t h e c o n s t i t u e n t sa l t s . M. B a r r e f o u n d t h a t t h e c o m p l e x s a l t is s t a b l e a t 11*5° 
in c o n t a c t w i t h a soln. c o n t a i n i n g 2-914 p a r t s of p o t a s s i u m c h r o m a t e p e r 100 p a r t s 
of w a t e r ; a t 27-5°, 4-123 p a r t s ; a t 50° , 5-942 p a r t s ; a t 76° , 7-920 p a r t s ; 
a n d a t 100°, 9-784 p a r t s . H e a lso o b t a i n e d a m m o n i u m s t r o n t i u m c h r o m a t e , 
(NH 4 J 2 CrO 4 .S rCrO 4 , b y t h e a c t i o n of a soln. of s t r o n t i u m chlor ide o n one of 
a m m o n i u m ch lor ide . T h e pa l e yel low c r y s t a l s a r e d e c o m p o s e d b y w a t e r . 

W h e n a n a q . soln. of a b a r i u m sa l t , o r b a r y t a - w a t e r is t r e a t e d w i t h a lka l i 
m o n o - or d i - c h r o m a t e , a p a l e ye l low p r e c i p i t a t e of b a r i u m c h r o m a t e , B a C r O 4 , 
is depos i t ed . J . D . S m i t h sa id t h a t t h e p r e c i p i t a t i o n w i t h a b a r i u m sa l t is as de l ica te 
a t e s t for c h r o m a t e as i t is for s u l p h a t e s . F . T . F r e r i c h s , a n d H . K a m m e r e r o b t a i n e d 
a c o m p l e t e p r e c i p i t a t i o n i n t h e p re sence of ace t i c ac id or s o d i u m a c e t a t e . 
P . D . ChrustschufE a n d A . M a r t i n o S obse rved t h a t 12 p e r cen t , of b a r i u m s u l p h a t e 
is c o n v e r t e d i n t o b a r i u m c h r o m a t e b y c o n t a c t for 47 m i n . w i t h a soln. con t a in ing 
p o t a s s i u m s u l p h a t e a n d p o t a s s i u m c h r o m a t e in eq . p r o p o r t i o n s , wh i l s t 1-5 pe r cen t . 
of b a r i u m c h r o m a t e is c o n v e r t e d i n t o b a r i u m s u l p h a t e i n t h e s a m e t i m e in c o n t a c t 
w i t h a s imi la r soln. T h e l i m i t s of t h e r e a c t i o n d o n o t a t t a i n m o r e t h a n 22 p e r cen t . 
a n d 17 p e r cen t , r e spec t ive ly , e v e n a f te r 40 t o 45 h r s . M. Schol tz a n d R . Abegg 
found t h a t a t 100°, e q u i l i b r i u m b e t w e e n b a r i u m s u l p h a t e a n d p o t a s s i u m c h r o m a t e 
in a q . soln. is e s t ab l i shed v e r y s lowly ; i t is r e a c h e d m o r e r a p i d l y w h e n a soln. of 
p o t a s s i u m s u l p h a t e a c t s o n b a r i u m c h r o m a t e . T h e r a t i o b e t w e e n t h e q u a n t i t i e s 
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of p o t a s s i u m c h r o m a t e a n d s u l p h a t e in soln. w h e n equ i l ib r ium is r e a c h e d d e p e n d s 
o n t h e r e l a t ive q u a n t i t i e s of t h e solid b a r i u m sal ts , f rom w h i c h i t a p p e a r s 
t h a t t h e p r ec ip i t a t e consis ts of a solid soln. T h e re l a t ion [ K 2 C r O 4 ] [ K 2 S O 4 ] 
= 1-3[BaCrO4][BaSO4] a p p e a r s t o ho ld . H . R o s e found t h a t a n excess of a lka l i 
c h r o m a t e will comple te ly t r a n s f o r m b a r i u m c a r b o n a t e i n t o t h e c h r o m a t e ; a n d 
F . J . Malagu t i m a d e obse rva t ions o n th i s subject , a n d J . Morr is s t u d i e d t h e p r e ­
c ip i t a t ion of b a r i u m from a soln. of i t s chlor ide b y t h e a d d i t i o n of a m i x t u r e of 
p o t a s s i u m c a r b o n a t e a n d c h r o m a t e . M. Schol tz a n d R . Abegg s h o w e d t h a t i n t h e 
equ i l ib r ium b e t w e e n p o t a s s i u m c h r o m a t e a n d b a r i u m c a r b o n a t e , t h e r a t i o of t h e 
cone, of p o t a s s i u m c a r b o n a t e a n d c h r o m a t e also var ies in t h e s a m e w a y as t h e r a t i o 
b e t w e e n t h e n u m b e r s of mols . of b a r i u m c a r b o n a t e a n d c h r o m a t e in t h e p r e c i p i t a t e , 
b u t t h e t w o r a t i o s a re n o t p ropo r t i ona l . The re is, however , a l w a y s r e l a t ive ly 
less c h r o m a t e in t h e soln. t h a n in t h e p rec ip i t a t e . B a r i u m c h r o m a t e a n d s u l p h a t e 
a r e a b o u t equa l ly soluble , a n d b o t h a re m u c h less soluble t h a n t h e c a r b o n a t e . 
A. P o o l also s t u d i e d t h i s s y s t e m . J . E . B a h r o b t a i n e d c rys ta l l ine b a r i u m c h r o m a t e 
b y decompos ing b a r i u m d i c h r o m a t e w i t h w a t e r ; A. d e Schu l t en , b y h e a t i n g on a 
w a t e r - b a t h a soln. of 20 g r m s . of b a r i u m n i t r a t e in a l i t re of w a t e r m i x e d w i t h 
10 C e . of n i t r i c ac id of sp . gr . 1-2, a n d a d d i n g 2 l i t res of a soln. of 10 g r m s . of p o t a s ­
s i u m d i c h r o m a t e ; a n d L . Bourgeois b y me l t i ng 2 eq. of b a r i u m chlor ide w i t h one eq . 
e a c h of sod ium, a n d p o t a s s i u m c h r o m a t e s . J . Mi lbauer found t h a t w h e n a m i x t u r e 
of b a r i u m oxide or c a r b o n a t e a n d ch romic oxide is h e a t e d t o 480° in o x y g e n a t 
12 a t m . press , t h e r e is a 52-8 pe r cen t , convers ion t o c h r o m a t e . J . A. A t a n a s i u 
f o u n d t h a t i n t h e e l ec t romet r i c t i t r a t i o n of soln. of b a r i u m chlor ide soln. a n d 
p o t a s s i u m c h r o m a t e t h e r e is a b r e a k co r respond ing w i t h n o r m a l b a r i u m c h r o m a t e . 
O. Ruff a n d E . Ascher s t u d i e d t h e j o i n t p r ec ip i t a t i on of lead a n d b a r i u m c h r o m a t e s ; 
b a r i u m a n d s t r o n t i u m c h r o m a t e s ; a n d b a r i u m s u l p h a t e a n d c h r o m a t e ; a n d 
O. RufF, t h e X - r a d i o g r a m s . 

T h e pa le lemon-yel low b a r i u m c h r o m a t e w a s found b y H . Moser t o b e c o m e d a r k 
ye l low w h e n h e a t e d . L . Bourgeois sa id t h a t t h e r h o m b i c p r i s m s a re i s o m o r p h o u s 
w i t h b a r i u m s u l p h a t e ; a n d A. de Schu l t en gave for t h e ax ia l r a t i o s of t h e r h o m b i c 
p l a t e s a : b : c = 0 - 8 0 3 8 : 1 : 1-2149. F . R i n n e s t u d i e d t h e c ry s t a l s of b a r i u m 
c h r o m a t e ; a n d M. Copisarow observed t ree- l ike , d e n d r i t i c forms a r e p r o d u c e d 
w h e n t h e p rec ip i t a t e is slowly formed. T h e s p . gr. obse rved b y H . G. F . S c h r o d e r 
is 4-296-4-304 ; C. H . IX Bodecker , 3-90 a t 11° ; E . Schweizer , 4-5044 ; A. Schafar ik , 
4-49 a t 23° ; L . Bourgeois , 4*60 ; a n d A. de Schu l t en , 4-498 a t 15°. P . B a r y , a n d 
J . P r e c h t found t h a t t h e sa l t is n o t f luorescent w h e n exposed t o X - r a y s . 
F . K o h l r a u s c h g a v e for t h e sp . c o n d u c t i v i t y of s a t . soln. 0-05114 m h o a t —0-88° ; 
0-06297 m h o a t 16-07°, 0 0 6 3 1 7 m h o a t 17-42° ; a n d 0 0 5 4 9 9 m h o a t 28-08°. T h e 
so lubi l i ty of t h e sa l t in w a t e r is v e r y smal l ; F . K o h l r a u s c h a n d co-workers cal ­
c u l a t e d f rom obse rva t ions on t h e e lectr ical c o n d u c t i v i t y , t h e following solubi l i t ies , 
S g r m s . p e r l i t re : 

— 0-88 1607° 17-42° 18° 2 8 0 8 ° 
S . . 2 0 4 3-37 3-48 3-53 4-36 

F o r t h e equ i l i b r i um b e t w e e n b a r i u m c h r o m a t e a n d d i c h r o m a t e , vide supra, 
c h r o m i c ac id . I . Mesch t sche r sky f o u n d t h a t a l i t re of w a t e r dissolved 4-3 m g r m s . 
a t 100°. C. R . F r e s e n i u s sa id t h a t a t 0° , a l i t re of w a t e r dissolves 1-19 m g r m s . 
T h e s a l t is less soluble a f te r i t h a s b e e n ign i t ed . E . Schweizer sa id t h a t i n t h a t 
s t a t e a l i t r e of w a t e r dissolves 0-62 m g r m . Ju. M. H e n d e r s o n a n d F . C. K r a c e k 
p o i n t e d o u t t h a t t h e solubi l i t ies of t h e a lka l ine e a r t h c h r o m a t e s decrease a s t h e a t . 
w t . of t h e a lka l ine e a r t h m e t a l . T h u s , a t 15°, t h e solubil i t ies of t h e a n h y d r o u s 
ca lc ium, s t r o n t i u m a n d b a r i u m c h r o m a t e s a r e of t h e o rder 25, 1-2, a n d 0-0033 g r m s . 
p e r l i t r e r espec t ive ly . T h e so lub i l i ty of r a d i u m c h r o m a t e seems t o follow t h e ru le , 
a n d a s e p a r a t i o n of r a d i u m a n d b a r i u m c a n b e effected b y f rac t ional p r e c i p i t a t i o n 
a s c h r o m a t e s . T h e p a r t i t i o n f ac to r for ac id ic soln. is a b o u t 15-5. 

=The so ln . of b a r i u m c h r o m a t e in hydroch lo r i c , or n i t r i c ac id o r in a n excess 
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of c h r o m i c ac id , w a s f o u n d b y J . F . B a h r , H . C a r o n a n d D . A. R a q u e t , a n d K . P r e i s 
and B . R a y r n a n t o b e c o m e o r a n g e - r e d owing t o t h e f o r m a t i o n of d i c h r o m a t e , b u t 
t h e m o n o c h r o m a t e is r e p r e c i p i t a t e d f rom th i s soln. b y a m m o n i a . T h e s t a t e m e n t 
w i t h reference t o t h e so lub i l i t y i n soln . of c h r o m i c ac id w a s d i s p u t e d b y Li. S c h u l e r u d , 
a n d W . A u t e n r i e t h . E . Schweizer sa id t h a t t h e sa l t is inso lub le i n a so ln . of p o t a s ­
s i u m d i c h r o m a t e , a n d 100 p a r t s of a 10 p e r c e n t . so ln . of c h r o m i c ac id d isso lve 
0-055 p a r t of c h r o m a t e . W h e n s u l p h u r d iox ide is pa s sed ove r h e a t e d b a r i u m 
c h r o m a t e W . R . H o d g k i n s o n a n d J . Y o u n g f o u n d t h a t c h r o m i u m s u l p h a t e is f o r m e d 
a s t h e c h r o m a t e is d e c o m p o s e d . N . W . F i s c h e r o b s e r v e d t h a t b a r i u m c h r o m a t e 
is n o t decomposed 7 b y cold s u l p h u r i c ac id , b u t is d e c o m p o s e d w i t h difficulty b y t h e 
h o t a c id ; h e a lso s t a t e d t h a t a q . soln . of s u l p h a t e s d o n o t affect t h e c h r o m a t e , a n d 
t h e a c t i o n is on ly s l igh t w i t h h o t so ln . H . S c h w a r z found t h a t a b o u t a q u a r t e r 
m o l is d e c o m p o s e d b y a m o l of cone , s u l p h u r i c ac id t o fo rm, a c c o r d i n g t o Lt. Bourgeo is , 
b a r i u m s u l p h a t e a n d c h r o m i u m t r i o x i d e . O b s e r v a t i o n s b y P . 13. Chrustschoff 
a n d A. Martinoff, M. Scho l t z a n d R . A b e g g a r e i n d i c a t e d a b o v e . T h e t r a n s f o r m a t i o n 
of t h e c h r o m a t e i n t o c a r b o n a t e b y t h e fusion w i t h s o d i u m c a r b o n a t e , o r b y d iges t ion 
w i t h a soln . of t h e c a r b o n a t e , w a s d i scussed b y H . Rose , F . J . M a l a g u t i , M. Scho l tz 
a n d R . Abegg—v ide supra. K . W . Floroff g a v e 1-6 X 10~" lx for t h e so lub i l i ty p r o d u c t 
a t 18°. A c c o r d i n g t o H . Go lb lum, t h e e q u i l i b r i u m c o n s t a n t K=[K2C03]/[K2Cr04] 
in t h e r e a c t i o n : K 2 C O 3 - + - B a C r O 4 ^ B a C O 3 - I - K 2 C r O 4 , is n o t c o n s t a n t b u t decreases 
t o a m i n i m u m v a l u e . T h e d e v i a t i o n f rom t h e s imple m a s s l a w is a s c r i b e d t o t h e 
ion iza t ion of t h e s a l t s . T h e h e a t of t h e r e a c t i o n , c a l c u l a t e d f rom t h e e q u i l i b r i u m 
c o n s t a n t s a t 25° a n d 40° , is 5997 ca ls . E . Car r ie re a n d P . Cas te l f o u n d t h a t t h e 
e q u i l i b r i u m c o n s t a n t l T = = [ C r 0 4 ] 2 [ H ] 2 / [ C r 2 0 7 ] w i t h b a r i u m c h r o m a t e in ac id soln. 
is 3 x 1 0 - 1 5 . 

B . G u e r i n i o b s e r v e d t h a t 0-22 X 1 O - 4 g r a m - e q u i v a l e n t of b a r i u m c h r o m a t e 
a re d i sso lved b y a l i t r e of 45 p e r cen t , a lcohol , a n d A. N a u m a n n o b s e r v e d t h a t i t is 
inso luble in a c e t o n e , a n d in m e t h y l a c e t a t e . I . M e s c h t s c h e r s k y , a n d H . B a u b i g n y 
sa id t h a t t h e c h r o m a t e is so luble in ace t i c ac id ; whi le H . Ca r on a n d D . A. R a q u e t 
sa id t h a t b a r i u m c h r o m a t e is inso lub le in ace t i c ac id a n d soln. of a lka l i c h r o m a t e , 
b u t p a r t i a l l y so luble in a m i x t u r e of d i c h r o m a t e a n d ace t i c ac id . A c c o r d i n g t o 
C. R . F r e s e n i u s , t h e p re sence of ace t i c ac id inc reases t h e so lub i l i ty of b a r i u m 
c h r o m a t e , for 1OO p a r t s of w a t e r c o n t a i n i n g o n e p a r t of ace t i c a c id d issolve 0-0027 
p a r t of c h r o m a t e . E . Schweize r sa id t h a t 100 p a r t s of 5 p e r cen t , ace t i c ac id 
dissolve 0-02725 p a r t of c h r o m a t e , a n d w i t h 10 p e r c e n t , ace t i c ac id , 0-0503 p a r t . 
C. R . F r e s e n i u s sa id t h a t a m m o n i u m sa l t s also m a k e t h e c h r o m a t e m o r e soluble , 
t h u s 100 p a r t s of w a t e r c o n t a i n i n g 0-5 p e r c e n t , of a m m o n i u m ch lor ide dissolve 
0*00435 p a r t of t h e c h r o m a t e ; w a t e r w i t h 0-5 p e r c e n t , of a m m o n i u m n i t r a t e 
dissolves 0*00222 p a r t of c h r o m a t e ; w a t e r w i t h 0-75 p e r cen t , of a m m o n i u m a c e t a t e 
dissolves 0-002 p a r t of c h r o m a t e ; a n d w a t e r w i t h 1*5 p e r cen t , of a m m o n i u m a c e t a t e 
dissolves 0-00417 p a r t of c h r o m a t e . E . F le i scher f o u n d t h a t b a r i u m c h r o m a t e is 
r e ad i l y so lub le in so ln . of a lka l i t a r t a r a t e or c i t r a t e ; L . Bourgeo i s t h a t i t is d e c o m ­
p o s e d w i t h difficulty b y a lka l i h y d r o x i d e s ; a n d F . O u t h r i e t h a t m o l t e n s o d i u m 
n i t r a t e d issolves 0-205 p e r c e n t . B a C r O 4 . K . W . Floroff s t u d i e d t h e a d s o r p t i o n of 
p o t a s s i u m c h r o m a t e b y b a r i u m s u l p h a t e , a n d s h o w e d t h a t t h e r eac t i on , p a r t i c u l a r l y 
for cone , soln. , is c o m p l e x — p r o b a b l y 2 B a S 0 4 + K 2 C r 0 4 = B a S 0 4 . B a C r 0 4 + K 2 S 0 4 . 
Li. K a h l e n b e r g a n d W . J . T r a u t m a n n o b s e r v e d t h a t w h e n m i x e d w i t h silicon, t h e r e 
is a s t r o n g r e a c t i o n a t a c h e r r y - r e d - h e a t , a n d in t h e e lec t r ic a r c . C. Zer r a n d 
Gr. R t i b e n c a m p m e n t i o n e d t h e use of b a r i u m c h r o m a t e a s a p i g m e n t — u l t r a m a r i n e 
yellow, lemon yellow, permanent yellow, jaune de baryte, giallo di barite, amarillo di 
barita9 oltremare giallo, outremer jaune, amarillo ultrames, Citrongelb. M. A . Hj in sky 
a n d co -worke r s s t u d i e d t h e a d s o r p t i o n of b a r i u m c h r o m a t e b y silk, wool, a n d 
c o t t o n f ibres. 

M. Gxoger p r e p a r e d p o t a s s i u m b a r i u m c h r o m a t e , K 2 C r O 4 - B a C r O 4 , b y s h a k i n g 
a n a l m o s t s a t . solii . of p o t a s s i u m c h r o m a t e w i t h a cold, s a t . soln. of b a r i u m chlor ide . 
T h e pa l e ye l low g r a n u l e s a r e d e c o m p o s e d b y w a t e r . M. B a r r e also p r e p a r e d t h i s 
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274 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

sa l t . M. Groger also m a d e a m m o n i u m bar ium c h r o m a t e b y p r e c i p i t a t i o n w i t h 
soln. of a m m o n i u m c h r o m a t e a n d b a r i u m chlor ide . T h e p r e c i p i t a t e is a t first 
a m o r p h o u s , b u t soon fo rms s ix-s ided p l a t e s . T h e sa l t is d e c o m p o s e d b y w a t e r . 
Li. Bourgeois r e p o r t e d bar ium s tront ium chromate , BaSr(CrO 4 J 2 , t o b e f o r m e d in 
p r i s m a t i c c rys ta l s b y t h e p rocess u s e d for s t r o n t i u m ca lc ium c h r o m a t e — v i d e supra ; 
s imi lar ly also w i t h bar ium c a l c i u m c h r o m a t e , B a C a ( C r 0 4 ) 2 . Li. H . D u s c h a k found 
t h a t a c rys ta l l ine p r e c i p i t a t e of b a r i u m a n d s t r o n t i u m c h r o m a t e s of defini te c o m ­
pos i t ion is fo rmed in a s a t . soln. of b a r i u m c h r o m a t e c o n t a i n i n g g iven cone , of 
s t r o n t i u m c h r o m a t e a n d ace t ic ac id . Diffusion t a k e s p lace w i t h i n t h i s s u b s t a n c e , 
a n d t h a t , the re fore , i t m u s t e i ther be r e g a r d e d as a solid soln. , or else diffusion m u s t 
be recognized a s a possible p r o p e r t y of i somorphous m i x t u r e s . L . M. H e n d e r s o n 
a n d F . C. K r a c e k 1 2 d iscussed t h e s e p a r a t i o n of r a d i u m a n d b a r i u m b y t h e f r ac t iona l 
p rec ip i t a t ion of b a r i u m c h r o m a t e a n d rad ium chromate . 

A. A t t e r b e r g 1 3 found t h a t be ry l l ium h y d r o x i d e dissolved in a n a q . soln. of 
ch romic acid t o form a deep r ed l iqu id f rom which n o c rys t a l s c a n b e o b t a i n e d ; 
a n d t h a t w h e n a soln. of be ry l l ium s u l p h a t e is t r e a t e d w i t h p o t a s s i u m c h r o m a t e , 
t h e p r ec ip i t a t e first formed dissolves w i t h s t i r r ing , a n d finally t h e r e is depos i t ed a 
yel low basic sa l t . J . C. G. de Mar ignac t r e a t e d soln. of p o t a s s i u m d i c h r o m a t e w i t h 
be ry l l i um s u l p h a t e a n d ob t a ined a p rec ip i t a t e of va r i ab l e compos i t ion . A. A t t e r ­
b e r g found t h a t be ry l l ium c a r b o n a t e is decomposed b y a soln. of p o t a s s i u m 
d i c h r o m a t e , c a rbon dioxide is evolved , a n d a bas ic c h r o m a t e is fo rmed . Th is w h e n 
w a s h e d a n d dr ied gives a pa le yel low p o w d e r a p p r o x i m a t i n g 1 4 B e O . C r O 3 . 2 3 H 2 O . 
I t loses 5 mols . of w a t e r a t 100° ; 16 mols . a t 300° ; a n d all is los t a t dul l r ednes s . 
A t a h igher t e m p , oxygen is g iven off. B . C l a s s m a n n o b t a i n e d beryl l ium dodeca-
h y d r o x y c h r o m a t e , 6Be(OH) 2 -BeCrO 4 , as a yel low p o w d e r b y h e a t i n g t h e n o r m a l 
c h r o m a t e w i t h wa te r , or b y t r e a t i n g a soln. of be ry l l i um s u l p h a t e w i t h a m m o n i u m 
c h r o m a t e . I t is insoluble in wa te r , b u t soluble in ch romic acid soln. N o r m a l 
beryl l ium chromate , BeCrO 4 .H 2 O, was o b t a i n e d b y neu t ra l i z ing a cone . soln. of 
c h r o m i c ac id w i th bery l l ium c a r b o n a t e , a n d e v a p o r a t i n g t h e l iquid . T h e r edd i sh -
yel low, monocl in ic p la tes are hyd ro lyzed b y wa t e r . B . Bleyer a n d A. M o o r m a n n 
cou ld n o t o b t a i n e i the r of t h e t w o sa l ts descr ibed b y B . G l a s s m a n n . T h e prec ip i ­
t a t i o n of be ry l l ium s u l p h a t e b y p o t a s s i u m c h r o m a t e y ie lds i m p u r e , a m o r p h o u s 
p r o d u c t s of v a r y i n g composi t ion , whi l s t t h e p r e c i p i t a t e f rom t h e ch lor ide h a s t h e 
compos i t i on 1 5 B e C C r O 3 . 1 2 H 2 O , i n d e p e n d e n t l y of t h e p r o p o r t i o n s of t h e r e a c t i n g 
s u b s t a n c e s . Be ry l l i um h y d r o x i d e a n d chromic acid yield on ly res inous masses , 
b u t t h e c lear soln. con ta ins bery l l ium a n d c h r o m i u m in t h e r a t i o 1 : 1 . N . A. Orloff 
o b t a i n e d 9 B e O . B e C r 0 4 . 1 6 H 2 0 a n d 2 0 H 2 O , a n d 1 4 B e O . B e C r 0 4 . 3 1 H 2 0 , f rom a 
soln. of be ry l l i um s u l p h a t e a n d p o t a s s i u m c h r o m a t e ; 1 2 B e O . B e C r O 4 . 1 6 H 2 O f rom 
a soln. of be ry l l i um h y d r o x i d e in chromic acid a n d p o t a s s i u m c h r o m a t e ; a n d 
5BeO-BeCrO 4 . 14H 2 O, a s a p rec ip i t a t e b y a d d i n g a lcohol t o a soln. of be ry l l i um 
h y d r o x i d e in ch romic acid . H e n c e , be ry l l ium c h r o m a t e is g r a d u a l l y h y d r o l y z e d 
b y w a t e r w i t h o u t fo rming a n y definite basic sa l t . H . C. Creuzbe rg p r e p a r e d 
be ry l l ium t r i d e c o x y c h r o m a t e , BeCrO 4 . 13BeO.23H 2 O, b y p r ec ip i t a t i on . 

L . N . V a u q u e l i n 1 4 p r e p a r e d m a g n e s i u m chromate , MgCrO 4 , b y c ry s t a l l i z a t i on 
f rom a soln. of magnes i a in ch romic acid . J . Mi lbauer obse rved a n 82-7 p e r cen t , 
convers ion t o c h r o m a t e w h e n ch romic oxide m i x e d w i t h m a g n e s i u m ox ide or 
c a r b o n a t e is h e a t e d t o 480° in oxygen a t 12 a t m . press . T h e orange-ye l low, s ix-
s ided p r i s m s of t h e c h r o m a t e c rys ta l l ized in aq . soln. were sa id b y H . K o p p t o b e 
i s o m o r p h o u s w i t h m a g n e s i u m s u l p h a t e , a n d his ana lys i s c o r r e s p o n d e d w i t h hepta-
hydrate, M g C r O 4 . 7 H 2 O . A . M u r m a n n g a v e for t h e ax ia l r a t i o s of t h e r h o m b i c , 
b i spheno ida l c rys t a l s a : b : c==0-9901 : 1 : 0-5735. T h e (010)-cleavage is per fec t . 
W . J . Grai l ich g a v e for t h e op t i c ax i a l angle 2 F = 7 5 ° 2 8 ' . T h e op t i ca l c h a r a c t e r 
is n e g a t i v e . E . D i t t l e r o b t a i n e d o v e r g r o w t h s w i t h m a g n e s i u m s u l p h a t e . 
H . G. K . W e s t e n b r i n k found t h a t t h e r h o m b i c b i spheno ida l c rys t a l s h a v e four 
m o l s . in u n i t cell, a n d t h a t t h e d imens ions a r e a = l l - 8 9 A., 6 = 1 2 - 0 1 A., a n d c = 6 - 8 9 A. 
O b s e r v a t i o n s o n t h e c rys t a l s were m a d e b y H . Dufe t , a n d L.. L o n g c h a m b o n ; 
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C. G a u d e f r o y s t u d i e d t h e cor ros ion figures ; a n d A. F o c k , t h e solid soln. of t h e 
h e p t a h y d r a t e s of m a g n e s i u m c h r o m a t e a n d s u l p h a t e . H . K o p p g a v e 1*66 for t h e 
s p . gr . a t 15° ; C. H . D . B o d e k e r , 1-75 ; a n d F . W . Cla rke , 1-761 a t 16°. F . Myl ius 
a n d R . F u n k obse rved t h a t a s a t . soln . c o n t a i n i n g 4-2 p e r c e n t . M g C r O 4 h a d a sp . gr . 
1-4:22 ; A . H e y d w e i l l e r f o u n d t h e s p . gr . a t 18°/18° of soln. : 

MgCrO4 . 0-1234JV- U-247AT- 06172VT- 1- 12342V- 2-468A^- 4-936^-
Sp.gr. . 1-OOS57 10171O 1-04178 10818 11596 1-3052 

K . F . S lo t t e found t h e s p . g r . of soln . of m a g n e s i u m c h r o m a t e w i t h 12-31, 21-86, 
a n d 27-71 p e r cen t , of c h r o m a t e t o be re spec t ive ly 1-0886 a t 13-6 ; 1-1641 a t 14-5° ; 
a n d 1-217 a t 13-6° ; a n d t h e viscosi t ies ( w a t e r 100) t o b e respec t ive ly 151-8, 227-8, 
a n d 317-7 a t 10° ; 115-4, 170-9, a n d 235-6 a t 20° ; 92 , 134-7, a n d 182-8 a t 30° ; 
a n d 75 , 108-6, a n d 145-5 a t 40° . W . K o h l r a u s c h sa id t h a t IOO c.c. of a sa t . soln. a t 
18° c o n t a i n 60 g r m s . M g C r O 4 ; a n d Gr. 1ST. WyroubofE f o u n d t h a t t h e h e p t a h y d r a t e 
los t 2 mols . of w a t e r in air , 3 mol s . a t 120° ; b u t expu l s ion of t h e l a s t m o l . of w a t e r is 
a t t e n d e d b y t h e d e c o m p o s i t i o n of t h e sa l t . M. H . N a y a r a n d co -worke r s obse rved 
t h a t v e r y l i t t le c h r o m a t e is f o r m e d w h e n a m i x t u r e of m a g n e s i a a n d c h r o m i c ox ide 
is h e a t e d below 600° ; a t 650°, m a g n e s i u m c h r o m a t e d e c o m p o s e s i n t o bas ic c h r o m i t e s 
(q.v.). H . Topsoe a n d C Chr i s t i ansen f o u n d t h e ind ices of re f rac t ion for t h e 
Z>-line t o be c x = l - 5 2 1 1 , £ = 1 - 5 5 0 0 , a n d y = l - 5 6 8 0 ; whi le for t h e O-line, a = l - 5 1 3 1 , 
j 8 = 1 - 4 3 1 5 , a n d y —1-5633. A. F o c k g a v e for t h e re f rac t ive ind ices , /x, a n d t h e 
op t i c ax ia l angle , 2 V, of m i x t u r e s of m a g n e s i u m s u l p h a t e a n d c h r o m a t e c o n t a i n i n g 
t h e eq . p e r cen t , of M g C r O 4 . 7 H 2 O , 

O 52 15-8 18-5 31-6 35-9 43-7 100 percent. 
0-4319 1-4353 1-4388 1-4408 1-4457 1-4543 1-6432 1-5221 
1-4519 1-4579 1-4618 1-4632 1-4727 1-4778 1-4934 
1-4602 1-4635 1-4666 1-4697 1-4844 1-4881 1-5680 
51° 28' 53° 32' 53° 58' 55° 40' 57° 16' 60° 14' 69° 52' 75° 28' 

P . W a l d e n g a v e for t h e eq . c o n d u c t i v i t y , A m h o , a t 25° w i t h a m o l of t h e s a l t in v 
l i t res : 

v . 32 64 128 256 512 1024 
A . . 80-6 90-6 98-9 107-2 114-3 119-9 

while H . Clausen, a n d A. H e y d w e i l l e r o b t a i n e d for cone , soln. , a t 18° : 
v . . 0-203 0*405 0*81 1-62 4-05 8 1 
A . 12*23 24*85 3417 4107 4 8 0 9 54-86 

W . J . Gra i l ich a n d V. v o n L a n g f o u n d t h e d i a m a g n e t i s m t o b e s t r o n g e s t in t h e 
d i rec t ion of t h e (OlO)-axis. M. W e i n s t u d i e d t h e elect r ica l c o n d u c t i v i t y . 
A. N a u m a n n sa id t h a t t h e sa l t is so luble in a c e t o n e . G. N . Wyroubof f p r e p a r e d 
t h e pentahydrate, M g C r O 4 . 5 H 2 O , f rom t h e h e p t a h y d r a t e a s i n d i c a t e d a b o v e ; or b y 
crys ta l l i z ing a n a q . soln. a b o v e 30°. T h e yel low c r y s t a l s a re s t ab l e , a n d d o n o t 
effloresce in a i r . T h e y a r e t r ic l in ic p inaco ids w i t h t h e ax i a l r a t i o s a : b : c 
= 0 - 5 8 8 3 : 1 : 0-5348, a n d tx==82° 4 3 ' , £ = 1 0 8 ° 14 ' , a n d y = 103° 5 1 ' . T h e y a r e 
i s o m o r p h o u s w i t h p e n t a h y d r a t e d cupr i c s u l p h a t e . N o c leavage w a s obse rved . 
T h e s p . g r . is 1-954. F o r t h e a c t i o n of h e a t , vide supra. 

M. Groger p r e p a r e d a m m o n i u m m a g n e s i u m c h r o m a t e , ( N H 4 ) 2 M g ( C r 0 4 ) 2 . 6 H 2 0 , 
f rom soln . of a m m o n i u m c h r o m a t e a n d m a g n e s i u m ch lor ide ; a n d F . J . Ma lagu t i 
a n d M. Sa rzeau , b y a d d i n g a m m o n i a t o a soln . of m a g n e s i u m c h r o m a t e in aq . ch romic 
a c i d u n t i l t h e h y d r o x i d e begins t o s e p a r a t e , a n d t h e n e v a p o r a t i n g . T h e pa le 
ye l low c r y s t a l s we re found b y A. M u r m a n n t o b e monoc l in i c p r i s m s -with t h e 
ax i a l r a t i o s a : b : c = 0 - 7 5 1 1 : 1 : 0-4931, a n d £ = 1 0 6 ° 3 1 ' ; a n d M. W . P o r t e r , 
0-7517 : 1 : 0-4935 a n d £ = 1 0 6 ° 0 7 ' . A . E . H . T u t t o n a n d M. W . P o r t e r found t h e 
t o p i c ax i a l r a t i o s x : ̂ r : co = 6 - 3 7 5 1 : 8-4811 : 4-1761. T h e op t i c ax ia l angles : 

red-Hgbt TL.U C- ISTa- Tl - Cd-l ines 
2J0 . . 16° 29' 9° 50' 14° 29' 45° 8' 06° 1' 77° 43' 
2V . . 10° 47' 6° 15' 8° 54' 26° 53' 38° 57' 44° 37' 

MgCrO4 . 7H2O 

IL j % \ \ 
\ Y . 

2V 

Sp.gr


2 7 6 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

T h e y also i nves t i ga t ed t h e effect of t e m p , on these angles . M. W . P o r t e r f o u n d 
w i t h O, 43-85, 72-52, a n d 1OO p e r c e n t . ( N H 4 ) 2 M g ( C r 0 4 ) 2 . 6 H 2 0 , t h e a x i a l r a t i o s 
0-7499 : 1 : 0-4935, a n d £ = 1 0 6 ° 15 ' ; 0-7476 : 1 : 0-4928, a n d £ = 1 0 6 ° 3 2 ' ; 
0-7451 : 1 : 0-4930, and £ = 1 0 6 ° 5 5 ' ; a n d 0-7409 : 1 : 0-4924, a n d £ = 1 0 7 ° 6 ' 
r e spec t ive ly ; a n d t h e r e spec t ive re f rac t ive indices a,== 1-6363, /?—1-6371, y = l - 6 5 3 1 ; 
ct = l -554, / 3=1 -557 , T / = 1 - 5 6 0 ; < x = l - 4 9 1 , £ = 1 - 4 9 3 , y = l - 4 9 5 ; a n d C L = = 1 - 4 7 1 6 , 
/3=1-4730 , y = l * 4 7 8 6 . S. R o s c h a n d M. S t i i r enbu rg s t u d i e d t h e o p t i c a x i a l ang l e s . 
F . W . Clarke g a v e 1-84 for t h e s p . gr. a t 16° ; a n d M. W . P o r t e r , 1-835 a t a b o u t 16° . 
T h e mol . vol . is 215-92. C. Schaefer a n d M. S c h u b e r t obse rved in t h e u l t r a - r e d 
reflection s p e c t r u m a c o m p l e x m a x i m u m a t ll-3ytz t o 11-42/u, ; a n d in po la r i zed 
l igh t t h e m a x i m u m falls i n t o t h r e e groups—11-46/u, pa ra l l e l t o t h e a -ax i s , 11-28/x. 
para l le l t o t h e &-axis, a n d 10-36/x para l l e l t o t h e c-axis. A. E . H . T u t t o n a n d 
M. W . P o r t e r f o u n d for t h e indices of ref rac t ion : 

Li- C- "Na- Tl- Cd-light 
a. . . 1-6248 1-6265 1-6363 1-6489 1-6571 
ft . . 1-625O 1-6267 1-6371 1-6509 1-6602 
y . . 1-639O 1-6411 1-6531 1-6687 1-6799 

T h e re f rac t ive indices a t 80° were a b o u t 0*0023 lower t h a n for o r d i n a r y t e m p . 
T h e op t i ca l p r o p e r t i e s of i s o m o r p h o u s m i x t u r e s of a m m o n i u m m a g n e s i u m s u l p h a t e 
a n d c h r o m a t e were e x a m i n e d . F . Rudorf f ' s diffusion e x p e r i m e n t s s h o w e d t h a t t h e 
sa l t is m o r e or less d issocia ted in aq . soln. C Canner i p r e p a r e d g u a n i d i n e m a g n e s i u m 
Chromate, (CH 5 Ns) 2 -H 2 CrO 4 -MgCrO 4 . 6H 2 O, i s o m o r p h o u s w i t h t h e s u l p h a t e . 
A . S t a n l e y e v a p o r a t e d a soln. o b t a i n e d b y t r e a t i n g a soln. of s o d i u m d i ch ro rna t e 
w i t h a m a g n e s i u m sal t , a n d o b t a i n e d yel low, four-s ided p r i s m s a n d p l a t e s of s o d i u m 
m a g n e s i u m chromate , Na 2 CrO 4 -MgCrO 4 . 3H 2 O. T h e sa l t g ives off all i t s w a t e r 
be low 200° l eav ing t h e r edd i sh -b rown , p u l v e r u l e n t a n h y d r i d e . T h e trihydrate is 
freely soluble in w a t e r a n d alcohol , b u t insoluble i n e t h e r . 

T . T h o m s o n , a n d E . F . A n t h o n p r e p a r e d p o t a s s i u m m a g n e s i u m c h r o m a t e , 
K 2 C r O 4 . M g C r O 4 . 2 H 2 O , b y e v a p o r a t i n g a soln. of p o t a s s i u m d i c h r o m a t e m i x e d 
w i t h m a g n e s i a ; M. Grdger , b y t r e a t i n g a n a l m o s t s a t . soln. of p o t a s s i u m c h r o m a t e 
w i t h a soln. of m a g n e s i u m chlor ide . G. N . Wyrouboff sa id t h a t t h e dihydrate is 
o b t a i n e d if t h e soln. be e v a p o r a t e d over 18°. T h e t r ic l in ic , p inaco ida l c r y s t a l s 
w e r e found b y G. N . Wyrouboff t o h a v e t h e ax ia l r a t i o s a : b : c = 0 - 6 5 5 1 : 1 : 0-4326, 
a n d <x-=84° 3 5 ' , £ = 1 0 2 ° 44 ' , a n d y = 8 6 ° 3 8 ' . T w i n n i n g occurs a b o u t t h e (101)- , 
( 10 l ) - , a n d (lOO)-planes ; a n d t h e (101)- a n d ( lOl ) -c l eavages a r e d i s t i n c t . T h e 
op t i ca l c h a r a c t e r is n e g a t i v e . H . G. F . Sch rode r g a v e 2-60O for t h e s p . g r . ; 
E . F . A n t h o n , 2-59 a t 19° ; a n d G. N . Wyrouboff , 2-602 a t 16°, a n d for t h e m o l . 
vo l . 142-5. E . F . A n t h o n obse rved t h a t w h e n t h e sa l t is h e a t e d , i t b e c o m e s o r a n g e -
yell ow, a n d m e l t s a t dul l r edness fo rming a d a r k r e d l iqu id ; a n d E . Schweizer 
r e p r e s e n t e d t h e decompos i t i on a t a r e d - h e a t b y 2 K 2 M g ( C r 0 4 ) 2 = 2 K 2 C r 0 4 - | ~ M g O 
+ M g ( C r 0 2 ) 2 + 3 0 . G. V i a r d sa id t h a t n o t M g C C r 2 O 3 b u t r a t h e r 2 M g C C r 2 O 3 
a n d 5 M g C 4 C r 2 0 3 a r e p r o d u c e d . E . Schweizer sa id t h a t 100 p a r t s of w a t e r d issolve 
28-2 p a r t s of t h e s a l t a t 20°, a n d 34-3 p a r t s a t 60° ; a n d M. Groger , t h a t t h e s a l t 
is n o t d e c o m p o s e d b y cold w a t e r . T h e sa l t is insoluble in a lcohol . S. H . C. Br iggs 
r e p o r t e d t h a t t h e Jiexahydrate, K 2 M g ( C r 0 4 ) 2 . 6 H 2 0 , is fo rmed b y cooling a cone , 
soln . t o —10° . T h e l emon-ye l low c r y s t a l s c a n b e w a s h e d w i t h a lcohol a n d e t h e r . 
W h e n d r i ed in a i r a t 8°—10°, t h e s a l t loses 4 mols . of w a t e r . G. N . Wyroubof f s a id 
t h a t t h e h e x a h y d r a t e is f o r m e d b y e v a p o r a t i n g t h e soln. be low 1-8°. C. v o n H a u e r 
cou ld n o t m a k e t h e h e x a h y d r a t e . A. Duffour found t h a t t h e h e x a h y d r a t e c a n b e 
o b t a i n e d if t h e t w o c h r o m a t e s a r e d i sso lved s e p a r a t e l y in e q u i m o l a r p r o p o r t i o n s 
i n t w o a n d a half t i m e s t h e i r w e i g h t of w a r m w a t e r , a n d t h e soln. a r e m i x e d , f i l tered, 
a n d left t o e v a p o r a t e a t a t e m p , n o t exceed ing 15°. After severa l d a y s , t h e h e x a ­
h y d r a t e s e p a r a t e s in t a b u l a r c rys t a l s , w h i c h shou ld b e r e m o v e d a t once . T h e 
c r y s t a l s a f te r five or s ix h o u r s beg in t o c h a n g e s lowly i n t o t h e d i h y d r a t e . T h i s 
d e h y d r a t i o n is f a r m o r e r a p i d a t 120° b u t a l w a y s s t o p s a t t h e d i h y d r a t e . T h e 
h e x a h y d r a t e is t h u s k n o w n o n l y in a m e t a s t a b l e s t a t e e v e n 10°. T h e c r y s t a l s 
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a r e monoc l in ic a n d h a v e t h e ax ia l r a t i o s a : b : c = 0 * 7 5 2 1 : 1 : 0-4984, a n d ^8=103° 54 ' . 
Monocl inic c rys t a l s of t h e h e x a h y d r a t e , in solid soln. w i t h t h e h e x a h y d r a t e d 
p o t a s s i u m m a g n e s i u m s u l p h a t e , c a n b e o b t a i n e d b y t h e e v a p o r a t i o n a t 20° of a 
soln . w i t h 3 mol s of t h e c o m p l e x s u l p h a t e t o one mol of t h e c o m p l e x c h r o r n a t e . 
A. Duffour s t u d i e d t h e t r ic l inic c rys t a l s of solid soln. of h e x a h y d r a t e d p o t a s s i u m 
m a g n e s i u m chr o rna te a n d s u l p h a t e . 

S. H . C. Br iggs p r e p a r e d rubid ium m a g n e s i u m c h r o m a t e , R b 2 C r 0 4 . M g C r 0 4 . 6 H 2 0 , 
b y a process ana logous t o t h a t u sed for t h e p o t a s s i u m sal t . T h e l emon-ye l low 
c rys t a l s a r e s t a b l e in air . T . V. B a r k e r a lso p r e p a r e d t h i s sa l t a n d found t h a t t h e 
ax ia l r a t i o s of t h e monoc l in ic c rys t a l s a r e a : b : c = 0 - 7 5 5 8 : 1 : 0*4950, a n d 
£ = 1 0 4 ° 5 5 ' ; M. W . P o r t e r g a v e 0-7540 : 1 : 0-4960 a n d fB=104° 5 2 ' . A. B . H . T u t t o n 
a n d M. W . P o r t e r g a v e for t h e op t i c ax ia l ang le : 

Li- C- IN~a- T l - Cd-light 
2V . . 8 8 ° 2 7 ' 8 8 ° 4 ' 8 6 ° 3 3 ' 8 4 ° 3 1 ' 8 3 ° 1 5 ' 

T h e y also g a v e for t h e top ic ax ia l r a t i o s x : *l* '• <*>=6*3403 : 8*4246 : 4-1727 ; a n d t h e 
sp . gr . 2-466 a t 20° /4° . M. W . P o r t e r g a v e 2-463 a t a b o u t 16°, a n d t h e mol . vol . a t 
20° is 215-48 ; F . A. H e n g l e i n g a v e 217-0. M. W . P o r t e r found t h a t t h e indices of 
re f rac t ion a r e a = 1-6363", / 3 = 1 - 6 3 7 1 , a n d y = l - 6 5 2 8 . A. E . H . T u t t o n a n d 
M. W . P o r t e r found for t h e indices of re f rac t ion : 

Li- C- Na- Tl- Cd-light 
a. . . 1*6105 1 - 6 1 1 8 1 -6217 1 0 3 4 2 1 -6420 
/5 . . 1 -6208 1 -6221 1-633O 1-6466 1 -6561 
y . . 1 -6310 1 -6326 1 -6435 1 -6517 1 -6672 

T h e re f rac t ive indices , a, /3, a n d y , d imin i sh r e spec t ive ly b y 0-0019, 0-0024, a n d 0*0025 
on ra is ing t h e t e m p , t o 80° . M. W . P o r t e r e x a m i n e d t h e op t i ca l p rope r t i e s of 
i s o m o r p h o u s m i x t u r e s of a m m o n i u m a n d r u b i d i u m m a g n e s i u m c h r o m a t e s . 
M. W . P o r t e r showed t h a t t h e a m m o n i u m a n d r u b i d i u m m a g n e s i u m c h r o m a t e s a r e 
comple t e ly i s o m o r p h o u s . Selec t ing s o m e of t h e obse rved d a t a for t h e i s o m o r p h o u s 
m i x t u r e s c o n t a i n i n g 0, 35-35, 74-05, a n d 100 p e r cen t , of t h e a m m o n i u m s a l t , t h e 
axia l r a t i o s were 0-7540 : 1 : 0-4960, a n d £=—104° 5 2 ' ; 0-7526 : 1 : 0-4928, a n d 
£ = 1 0 5 ° 2 3 ' ; 0-7522 : 1 : 0-4931, a n d /3—105° 4 7 ' ; a n d 0-7517 : 1 : 0-4935, a n d 
, 8 = 1 0 6 ° 9 ' r e spec t ive ly ; t h e sp . gr. , 2-463, 2-211, 1-998, a n d 1-835 respec t ive ly ; 
a n d t h e indices of re f rac t ion a = l * 6 2 1 6 , / J = 1 - 6 3 3 0 , a n d y = 1 - 6 4 3 9 ; « = 1 - 6 2 6 8 , 
£ = 1 - 6 3 7 1 , a n d y = l - 6 4 6 8 ; « = 1-6330, £ = 1 - 6 3 6 8 , a n d y = l - 6 4 9 3 ; a n d a = l - 6 3 6 3 , 
/ 3 = 1 - 6 3 7 1 , a n d y = l - 6 5 3 8 respec t ive ly . S. H . C. Br iggs p r e p a r e d c s e s ium m a g n e s i u m 
chromate , Cs 2 Mg(Cr04) 2 . 6H 2 ^5 b y t h e m e t h o d e m p l o y e d for t h e p o t a s s i u m sa l t . 
T h e caesium sa l t is r a t h e r m o r e s t ab l e t h a n t h e r u b i d i u m sa l t . T . V. B a r k e r g a v e 
for t h e ax ia l r a t i o s of t h e monocl in ic c ry s t a l s a : b : c = 0 - 7 4 2 0 : 1 : 0-4886, a n d 
£ = 1 0 6 ° 7 ' . A. E . H . T u t t o n a n d M. W . P o r t e r g a v e for t h e op t i c ax ia l angles : 

I-i- C- Na- Tl- Cd-light 
2JSJ . . 1 3 1 ° 3 ' 1 3 1 ° 2 7 ' 1 3 2 ° 55' 1 3 3 ° 2 2 ' 
2 7 o . • 6 7 ° 9 ' 6 7 ° 7 ' 6 7 ° 3 ' 6 6 ° 3 3 ' 65° 5 7 ' 

T h e t o p i c ax i a l r a t i o s a r e x '• *P : c o = 6 - 4 4 4 1 : 8-6718 : 4-2388 ; t h e sp . gr. is 2-747 
a t 20°/4° ; a n d t h e mol . vo l . 227-62 ; F . A . l l e n g l e i n g a v e 229-2. A. E . H . T u t t o n 
a n d M. W . P o r t e r f o u n d t h e indices of re f rac t ion t o be : 

Iii- C- Na- Tl- Cd-Hght 
a . . 1 -6257 1*6271 1 - 6 3 6 9 1 -6493 1-6578 
0 . . 1-631O 1 - 6 3 2 4 1 - 6 4 2 5 1-6552 1 -6640 
y . . 1 -6424 1 - 6 4 3 8 1 -6547 1 - 6 6 8 3 1 -6778 

A rise of t e m p , t o 80° r e su l t s in t h e r e d u c t i o n of t h e indices b y a b o u t 0-0026. 
N o r m a l z i n c c h r o m a t e , ZnCrO 4 , is n o t e a sy t o p r e p a r e , for, if a la rge p r o p o r t i o n 

of w a t e r b e p r e sen t , a bas ic s a l t is fo rmed ; a n d if v e r y cone. soln. a re emp loyed a t 
a h igh t e m p . , o x y g e n m a y b e evo lved . J . Mi lbaue r 1 5 sa id t h a t t h e r e is a 72 p e r 
cen t , convers ion t o c h r o m a t e w h e n a m i x t u r e of c h r o m i c ox ide a n d zinc oxide or 
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c a r b o n a t e is hea t ed t o 480° in oxygen a t 12 a t m . p ress . S. H . C. Br iggs d i d n o t 
succeed in p repar ing t h e n o r m a l c h r o m a t e i n a n o n - a q u e o u s so lven t . J . Schulze 
ob t a ined n o r m a l zinc c h r o m a t e b y h e a t i n g t h e d i c h r o m a t e w i t h z inc h y d r o x i d e i n a 
sealed t u b e t o 200° ; a n d S. H . C. Br iggs r e c o m m e n d e d h e a t i n g for 3 h r s . a t 220° 
in a sealed t u b e a m i x t u r e of 4-5 g r m s . CrO 3 , 4-5 g r m s . z inc c a r b o n a t e w i t h 70 p e r 
cent . ZnO, a n d 5 c.c. of wa t e r . Accord ing t o M. Groger , b y s h a k i n g zinc oxide 
wi th a soln. of chromic acid, in different p ropo r t i ons , a n d af ter a few d a y s , de t e r ­
min ing t h e composi t ions of t h e filtrate, a n d p rec ip i t a t e , t h e compos i t ion of t h e soln. 
is found t o v a r y con t inuous ly , F ig . 49, b u t t h e compos i t ion of t h e solid p h a s e shows 
discont inui t ies , F ig . 49 ; if t h e concen t r a t i ons of t h e soln. b e expressed in mols pe r 
l i t re , t h e solid phases cor respond w i t h 
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2-41, 
soln. also con t a ined some zinc m o n o - a n d d i - c h r o m a t e s . All 

t h e solids were c rys ta l l ine excep t ing t h e 3 : 2 : 1 
c o m p o u n d . T h e m o n o h y d r a t e d m o n o c h r o m a t e 
d id n o t lose w a t e r a t 125° ; a n d i t w a s n o t 
found possible t o c o n v e r t i t i n t o t h e insoluble , 
a n h y d r o u s sa l t . 

Accord ing t o J . Schulze, n o r m a l zinc chro­
m a t e furn ishes microscopic , lemon-yel low, pr is ­
m a t i c c rys ta l s , wh ich a re insoluble in wa te r , 
eas i ly soluble in acids, a n d a re decomposed b y 
boi l ing w i t h w a t e r t o form soluble d i c h r o m a t e 
a n d a n insoluble bas ic c h r o m a t e . M. Groge r ' s 
obse rva t i ons o n t h e a c t i o n of w a t e r o n t h e 
m o n o h y d r a t e a r e s u m m a r i z e d i n F i g . 49. 
H . S. Tay lo r a n d Gr. I . L a v i n s t u d i e d t h e ac t i on 
of a c t i v a t e d h y d r o g e n on t h e c h r o m a t e . 
E . C F r a n k l i n sa id t h a t zinc c h r o m a t e is in­

soluble in l iquid a m m o n i a ; a n d A. N a u m a n n , t h a t i t is insoluble in ace tone . 
M. Groger sa id t h a t t h e p r o d u c t of t h e ac t ion of zinc chlor ide on a n excess 
of a m m o n i u m c h r o m a t e is p r o b a b l y z inc a m m i n o c h r o m a t e , Z n C r O 4 . N H 3 . H 2 O . 
Th i s monohydrate is decomposed b y w a t e r ; a n d forms zinc c h r o m a t e w h e n h e a t e d 
g iv ing off n i t rogen a n d wa t e r . L . Bieler p r e p a r e d t h e trihydrate of z inc t e t r a m m i n o -
Chromate, Z n C r O 4 . 4 N H 3 . 3 H 2 O , b y dissolving t h e bas ic sa l t in t h e smal les t a m o u n t 
of a q . a m m o n i a , a n d a d d i n g t o t h e f i l t rate 2 or 3 t imes i t s vol . of abso lu t e a lcohol . 
T h e c rys ta l s a re t h e n dissolved in aq . a m m o n i a , some a m m o n i u m chlor ide is a d d e d , 
a n d t h e sa l t aga in p r e c i p i t a t e d w i t h a lcohol . T h e r h o m b i c p la t e s r ap id ly effloresce 
fo rming a yel low powder . T h e sa l t is freely soluble in aq . a m m o n i a , a n d in di l . 
ac ids ; b u t i t is decomposed b y w a t e r w i t h t h e sepa ra t ion of a bas ic sa l t . 
F . J . Ma lagu t i a n d M. Sa rzeau o b t a i n e d t h e pentahydrate, Z n C r O 4 . 4 N H 3 . 5 H 2 O , b y 
a l lowing a bas ic sa l t t o s t a n d for 12 h r s . i n a closed flask w i t h s a t . a q . a m m o n i a . 
T h e sa l t is p r e c i p i t a t e d f rom t h e c lear soln. b y a d d i n g alcohol . T h e yel low cubes 
a re decomposed b y w a t e r ; t h e y a r e so luble in aq . a m m o n i a ; a n d insoluble i n 
a lcohol a n d e the r . B y mix ing t h e 4 : 1 : 5 basic c h r o m a t e w i t h a n excess of a q . 
a m m o n i a , a n d a d d i n g alcohol , F . J . Ma lagu t i a n d M. Sarzeau o b t a i n e d yel low 
masse s of ac icu lar c rys ta l s of z inc d e c a m m i n o c h r o m a t e , 2ZnO.3CrO 3 . 10NH 3 . 10H 2 O. 

A n u m b e r of bas ic sa l t s h a s b e e n r e p o r t e d ; a n d a n u m b e r of these , of indefini te 
compos i t i on , fo rms t h e so-cal led zinc yellow, zinc chrome, ZinkgeJh, jaune de zinc, o r 
yellow %tHramarine wh ich is e m p l o y e d a s a p i g m e n t . T. T h o m s o n p r e p a r e d t h e 
co lour i n 1825 ; a n d W . A . L a m p a d i u s , in 1829. C. O. W e b e r p r e p a r e d a b r i g h t 
ye l low, flocculent p o w d e r b y t r e a t i n g a soln . of z inc s u l p h a t e a n d s o d i u m c a r b o n a t e 
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w i t h p o t a s s i u m c h r o m a t e . I t s compos i t ion a p p r o x i m a t e d 4Z11O.3CrO3.wH2O. 
M. P r u d ' h o m m e a n d F . B i n d e r o b t a i n e d a bas ic sa l t b y h e a t i n g zinc h y d r o x i d e 
w i t h a soln. of p o t a s s i u m c h r o m a t e a n d d ich ro rna te . T h e zinc yel lows h a v e been 
discussed b y L . Bock , J . Gr. Grentele, G-. Zer r a n d Gr. R i i b e n c a m p , F . Rose , 
S. Tsche ln i tz , e t c . T h e co lour w a s d iscussed b y W . A c k r o y d . T h e cond i t ions of 
e q u i l i b r i u m of t h e bas ic sa l t s a r e i n d i c a t e d in F i g . 49 . M. Groger , a n d B . S k o r m i n 
o b t a i n e d z inc t r ioxychromate , 4 Z n O . C r O 3 . 3 H 2 O , as a trihydrate, b y m i x i n g soln. 
of z inc chlor ide a n d s o d i u m c h r o m a t e a t o r d i n a r y t e m p . ; b y t r e a t i n g t h e bas ic 
p o t a s s i u m or a m m o n i u m zinc c h r o m a t e s w i t h h o t w a t e r ; a n d b y t h e a c t i o n of 
c h r o m i c ac id on zinc ox ide in acco rd w i t h t h e cond i t ions i nd i ca t ed in F i g . 49 . 
J . P r i i s sen a n d H . P h i l i p p o n a o b t a i n e d i t b y boi l ing t h e p r ec ip i t a t e o b t a i n e d b y 
m i x i n g zinc s u l p h a t e a n d p o t a s s i u m c h r o m a t e soln. w i t h m u c h w a t e r for a long 
t i m e . F . J . M a l a g u t i a n d M. S a r z e a u sa id t h a t t h e pentahydrate is formed w h e n 
zinc c a r b o n a t e is t r e a t e d w i t h a soln. of c h r o m i c ac id . H . K o p p a d d e d t h a t if t h e 
c h r o m i c ac id c o n t a i n s su lphu r i c ac id a s i m p u r i t y , t h e p r e c i p i t a t e will be con­
t a m i n a t e d w i t h bas ic z inc s u l p h a t e . M. Groger o b t a i n e d z inc dioxychromate* 
3 Z n O . C r O 3 . 2 H 2 O , b y t h e a c t i o n of ch romic ac id on zinc ox ide in a cco rd w i t h t h e 
cond i t i ons i n d i c a t e d in F i g . 49 . M. Groger , a n d B . S k o r m i n l ikewise p r e p a r e d 
z inc o x y c h r o m a t e , 2 Z n O . C r 0 3 . l J H 2 0 . T h e hemitrihydrate w a s also p r e p a r e d b y 
T. T h o m s o n , A . Bensch , a n d J . P r i i s sen a n d H . P h i l i p p o n a b y t h e a c t i o n of a soln. 
of z inc s u l p h a t e o n one of p o t a s s i u m c h r o m a t e . L . V a n i n o a n d F . Ziegler a d d e d a 
s a t . soln. of ch romic ac id t o a mol . eq . of z inc ox ide s u s p e n d e d i n wa te r , c o n s t a n t l y 
a g i t a t e d . T h e zinc oxide pa s sed i n t o soln. w i t h a r ise of t e m p . Af te r a t i m e a n 
o r ange or b rownish-ye l low p r o d u c t s e p a r a t e d a p p r o x i m a t i n g Z n O . Z n C r O 4 . ^ H 2 O . 
S. H . C. Br iggs o b t a i n e d t h e monohydrate a s a yel low, c rys ta l l ine p o w d e r b y h e a t i n g 
for 3 h r s . in a sealed t u b e a m i x t u r e of 4 g r m s . c h r o m i u m t r iox ide , 3 grfns. of z inc 
oxide , a n d 20 g r m s . of wa t e r . M. Groger also p r e p a r e d z i n c oxybischr ornate, 
3ZnO.2CrO 3 -H 2 O, b y t h e a c t i o n of c h r o m i c ac id on z inc ox ide in acco rd w i t h t h e 
cond i t ions i nd i ca t ed in F ig . 49. 

I t is doubtful if the potassium zinc chromates or the ammonium zinc chromates 
h a v e b e e n p r e p a r e d . T h e p r o d u c t s wh ich h a v e been r e p o r t e d m a y be a d s o r p t i o n 
p r o d u c t s of t h e bas ic sa l t s . M. Groger r e p o r t e d p r o d u c t s w i t h t h e m o l . r a t i o s 
K 2 O : Z n O : C r O 3 : H 2 O = I : 5 : 4 : 6 ; 1 : 4 : 4 : 3 ; a n d 1 : 1 : 2 : 2 . L,. V a n i n o 
a n d F . Ziegler found t h a t on m i x i n g a s a t . soln. of p o t a s s i u m d i c h r o m a t e a t 100° 
w i t h zinc s u l p h a t e soln. s a t . a t 39°, so t h a t t h e r a t i o CrO 3 : Z n O is 1 : 1, or b y p o u r i n g 
one soln. i n t o t h e o ther , in e i the r case, a d e e p yel low p r e c i p i t a t e is fo rmed ; wh ich 
af ter f i l tering a n d w a s h i n g a p p r o x i m a t e s p o t a s s i u m z i n c tr ioxybischromate , 
2 K 2 0 . 3 Z n O . 2 Z n C r O 4 . I t is s u p p o s e d t h a t t h e z inc c h r o m a t e first fo rmed h y d r o l y z e s 
w h e n w a s h e d w i t h w a t e r , fo rming t h i s bas ic c h r o m a t e or a m i x t u r e of bas ic c h r o m a t e s . 
H e showed t h a t t h e ac t i on of a n excess of zinc ch lor ide in a n a q . soln. of N- or 
3^V-K2CrO4 l eads t o t h e f o r m a t i o n of a yel low, g r a n u l a r p r e c i p i t a t e , wh ich h a s t h e 
compos i t i on 4 Z n O . K 2 0 . 4 C r O 3 . 3 H 2 O . B y r e p e a t e d t r e a t m e n t w i t h h o t wa te r , 
t h i s is c o n v e r t e d i n t o t h e insoluble bas ic z inc c h r o m a t e , Z n C r O 4 . 3 Z n ( O H ) 2 , which 
is a d a r k ye l low p o w d e r . W h e n fused, t h e z inc p o t a s s i u m c h r o m a t e evolves oxygen , 
t h e res idue cons is t ing of p o t a s s i u m c h r o m a t e a n d inso luble v io le t z inc ch romi t e , 
8ZnO.3Cr 2 O 8 . T h e p r o p o r t i o n of p o t a s s i u m , a n d , t o a less e x t e n t , t h a t of c h r o m i u m , 
is inc reased b y t h e use of a n excess of t h e p o t a s s i u m c h r o m a t e ; w i t h iV-soln., t h e 
p r e c i p i t a t e h a s t h e mo l . compos i t i on Z n 0 . 0 3 9 4 K 2 0 . 1 - 0 9 4 C r O s ; w i t h 32V-soln., 
ZnO.0 -486K 2 O. l -222CrO 3 . W h e n t r e a t e d w i t h h o t w a t e r , t h e s e p rec ip i t a t e s 
y ie ld t h e foregoing bas ic z inc c h r o m a t e . These p r e c i p i t a t e s a re of a deepe r yel low 
t h a n t h a t fo rmed in p resence of excess of z inc sa l t , b u t a f te r p ro longed c o n t a c t 
(2 weeks) w i t h t h e m o t h e r - l i q u o r t h e y a s s u m e t h e co lour a n d compos i t ion of t h e 
l a t t e r . T h e a c t i o n of z inc ch lor ide on s o d i u m c h r o m a t e l eads t o t h e fo rmat ion of 
bas ic z inc c h r o m a t e , Z n C r O 4 . 3 Z n ( O H ) 2 , w h i c h is o b t a i n e d a s a h o r n y mass . 
A m m o n i u m c h r o m a t e a n d excess of z inc ch lor ide give rise t o a d a r k yellow, g r a n u l a r 
p r ec ip i t a t e , ZnO.0-279(KH 4 ) 2 O.0-822CrO 3 , wh ich is poss ib ly a m i x t u r e , a n d is 

4Z11O.3CrO3.wH2O
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d e c o m p o s e d b y cold wa te r . T h e o range-ye l low p r ec ip i t a t e , f o rmed b y t h e a c t i o n 
of a n excess of a m m o n i u m c h r o m a t e o n zinc chlor ide , is s t a b l e t o w a t e r o r i t s 
m o t h e r - l i q u o r a n d h a s t h e compos i t i on (NH 4 J 2 CrO 4 -ZnCrO 4 -Zn(OH) 2 . W h e n 
s t r o n g l y hea t ed , i t decomposes s u d d e n l y , evo lv ing n i t r o g e n a n d w a t e r v a p o u r ; 
t h e res idue is a p o w d e r cons is t ing of z inc ox ide a n d c h r o m i t e , 2ZnO-Cr 2 O 3 . T h e s e 
sa l t s were discussed b y J . J . Berzel ius , C. F reese , J . P r i i s sen a n d H . P h i l i p p o n a , 
C. O. Weber , B . S k o r m i n , a n d L . Bock . Accord ing t o S. H . C. Br iggs , 
ammonium zinc diamminobischromate, (NH4)2.Zn(Cr04)2.2NH3, is formed in 
lemon-yel low c rys t a l s b y a d d i n g a n excess of a m m o n i u m ch lor ide o r n i t r a t e t o a 
soln. of 10 g r m s . of z inc h y d r o x i d e in 20 g r m s . of c h r o m i u m t r i o x i d e in a l i t t l e 
w a t e r a n d all d i lu t ed t o 200 c.c. M. Grdger o b t a i n e d i t in p r i s m a t i c c ry s t a l s b y t h e 
ac t ion of a m m o n i u m c h r o m a t e on zinc ch lor ide in t h e p re sence of a l a rge excess of 
a m m o n i a . M. Groger also r e p o r t e d a m m o n i u m z i n c t r i a m m i n o s e x i c h r o m a t e , 
( N H 4 ) 4 Z n 4 ( C r 0 4 ) 6 . 3 N H 3 , in orange-yel low c rys ta l s , b y d r o p p i n g 10 c.c. of 2M-Zn.Cl2 
i n t o 50 c.c. of a cold, s a t . soln. of a m m o n i u m c h r o m a t e . 

J . Schulze p r e p a r e d n o r m a l c a d m i u m c h r o m a t e , CdCrO 4 , b y h e a t i n g in a sea led 
t u b e a t 200°, a m i x t u r e of c a d m i u m d i c h r o m a t e a n d c a d m i u m h y d r o x i d e . T h e 
pa l e orange-coloured p o w d e r is insoluble in wa te r , a n d soluble in ac ids . I t g r a d u a l l y 
decomposes w h e n boi led w i t h w a t e r . S. H . C. Br iggs o b t a i n e d i t b y h e a t i n g a 
m i x t u r e of 3-5 g rms . c a d m i u m oxide , 3-6 g r m s . c h r o m i u m t r iox ide , a n d 20 c.c. of 
w a t e r in a sealed t u b e a t 200° for 3 h r s . H e sa id t h a t t h e ye l low p o w d e r cons i s t ing 
of p r i s m a t i c c rys t a l s is inso luble in a ho t , cone . so ln . of c a d m i u m s u l p h a t e . Gr. V i a r d 
sa id t h a t t h e sa l t is v e r y s t ab l e a n d beg ins t o d e c o m p o s e a t du l l r e d n e s s . W h e n 
t h e f i l t ra te is a l lowed t o s t a n d for some t i m e , i t depos i t s c ry s t a l s of t h e dihydrate, 
C d C r O 4 . 2 H 2 O . F . J . M a l a g u t i a n d M. S a r z e a u p r e p a r e d c a d m i u m t e t r a m m i n o -
c h r o m a t e , C d C r O 4 . 4 N H 3 . 3 H 2 O , b y t h e m e t h o d e m p l o y e d for t h e co r r e spond ing 
zinc sa l t . B y a d d i n g a lcohol t o t h e acidic soln. of t h e o x y c h r o m a t e , t h e y o b t a i n e d a 
c rys ta l l ine p r e c i p i t a t e of c a d m i u m p e n t a m m i n o c h r o m a t e , 2 C d 0 . 3 C r 0 3 . 5 N H 3 . 8 H 2 0 . 
Accord ing t o M. Groger , t h e a m m o n i u m sal t , ( N H 4 J 2 0 . 4 C d O . 4 C r O 3 . 3 H 2 O , c a n b e 
r e g a r d e d as c a d m i u m h e m i a m m i n o c h r o m a t e , 2 C d C r 0 4 . N H 3 . 2 H 2 0 ; a n d w h e n t h e 
s a l t 2 ( N H 4 ) 2 C r 0 4 . 2 C d C r O 4 . N H 3 . 3 H 2 0 is a l lowed t o s t a n d in i t s m o t h e r - l i q u o r , 
for 3 weeks , c a d m i u m a m m i n o c h r o m a t e , C d C r O 4 - N H 3 . H 2 O , is fo rmed . 

F . J . Ma lagu t i a n d M. S a r z e a u p r e p a r e d c a d m i u m tr ioxybischromate , 
3CdO.2CdCrO 4 . 8H 2 O, b y t r e a t i n g a soln. of a c a d m i u m sa l t w i t h p o t a s s i u m c h r o ­
m a t e , a n d boi l ing t h e p r ec ip i t a t e w i t h o f t - r emoved w a t e r u n t i l t h e colour n o longer 
c h a n g e s . T h e orange-yel low p o w d e r is v e r y s l ight ly soluble in w a t e r . C. F reese 
r e p o r t e d c a d m i u m o x y c h r o m a t e , CdO.CdCrO 4 .H 2 O, t o b e fo rmed from boi l ing 
soln. of c a d m i u m s u l p h a t e a n d p o t a s s i u m c h r o m a t e . On ly w h e n a la rge excess 
of c h r o m a t e is p r e s e n t is t h e p r o d u c t free f rom ac id . C. F reese sugges ted t h a t t h e 
t r i o x y b i s c h r o m a t e is rea l ly t h i s sa l t ; while B . S k o r m i n o b t a i n e d a p r o d u c t 
4 C d 0 . 3 C d C r 0 4 w i t h 4-5 t o 6 -0H 2 O. T h e n a t u r e of t h e p r o d u c t , sa id M. Groger , 
d e p e n d s on t h e t i m e of c o n t a c t of t h e p r e c i p i t a t e w i t h boi l ing w a t e r . Conse­
q u e n t l y t h e n a t u r e of t h e bas ic sa l t s of c a d m i u m c h r o m a t e is still sub judice. 
H. S k o r m i n desc r ibed c a d m i u m t e t r o x y t r i s c h r o m a t e , 4 C d O . 3 C d C r O 4 . n H 2 0 . 
Acco rd ing t o F . Rose , t h e bas ic c h r o m a t e h a s been u sed as a yel low p i g m e n t ; b u t 
i t s cos t l imi t s i t t o fine a r t work . 

Acco rd ing t o M. Groger , c a d m i u m chlor ide a n d a m m o n i u m c h r o m a t e in a q . soln . 
i n t e r a c t t o form a d a r k yel low p r e c i p i t a t e cons is t ing of microscopic p r i s m s of 
ammonium cadmium dihydroxyquadrichromate, (NH4)2Cr04 .3CdCr04 .Cd(0H)2 . 
2 H 2 O . T h e a c t i o n of h o t w a t e r on t h i s p r e c i p i t a t e is t o c o n v e r t i t i n t o a bas ic 
c a d m i u m c h r o m a t e ; a n d w h e n h e a t e d , t h e s a l t leaves a g r een r e s idue—poss ib ly 
c a d m i u m c h r o m i t e . If 10 c.c. of a soln. of c a d m i u m chlor ide b e d r o p p e d i n t o 
5 0 c.c. of a soln . of a m m o n i u m c h r o m a t e , w i t h c o n s t a n t s t i r r ing , d e e p yel low, 
mic roscop ic p r i s m s a r e p r e c i p i t a t e d . T h e compos i t ion co r re sponds w i t h a m m o n i u m 
cadmium amminoqiiadrichromate^ S. H . C. Briggs 
obtained ammonium cadmium diamminochromate, (NHJ2CrO4 .CdCr04 .2NH3 , by 
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dissolving 26 g r m s . of c h r o m i u m t r i ox ide a n d 13 g r m s . of c a d m i u m ox ide m a l i t t l e 
w a t e r , d i l u t i ng t h e soln. t o 200 c.c. a n d a d d i n g a m m o n i a so long a s t h e soln. r e m a i n e d 
c lear . T h e filtrate is a l lowed t o s t a n d for 2 or 3 d a y s . T h e ye l low c rys t a l s 
d e c o m p o s e s u d d e n l y w h e n h e a t e d t o 280°—290°. T h e po tas s ium c a d m i u m c h r o m a t e s 
r e semble t h e co r r e spond ing zinc sa l t s . M. Groger r e p o r t e d p r o d u c t s w i t h t h e mol . 
r a t i o s K 2 O : C d O : C r O 3 : H 2 O = I : 7 : 5 : 3 ; 1 : 4 : 4 : 3 ; 1 : 3 : 2 : 3 ; 1 : 1 : 2 : 2 ; 
a n d 1 : 1 : 4 : 2 . G. Kr i i s s a n d O. U n g e r a l so p r e p a r e d t h e 1 : 1 : 4 : 2 c o m p l e x ; 
a n d B . S k o r m i n , 1 : 7 : 5 : 3 . M. Groge r o b s e r v e d t h a t on m i x i n g a q . soln. of 
p o t a s s i u m c h r o m a t e a n d p u r e c a d m i u m chlor ide , a canary-ye l low, g r a n u l a r p r e ­
c i p i t a t e is fo rmed h a v i n g t h e c o m p o s i t i o n K 2 C r O 4 - S C d C r O ^ C d ( O H ) 2 . 2 H 2 O . Con­
t r a r y t o K . P r e i s a n d B . R a y m a n ' s s t a t e m e n t , t h i s s a m e p r e c i p i t a t e is fo rmed b y 
t h e a c t i o n of c a d m i u m s u l p h a t e a n d p o t a s s i u m c h r o m a t e . C a d m i u m p o t a s s i u m 
c h r o m a t e is m o r e s t a b l e t o boi l ing w a t e r t h a n is z inc p o t a s s i u m c h r o m a t e ; b u t is 
finally c o n v e r t e d i n t o a l emon-ye l low p o w d e r , 84*53 p e r cen t , of wh ich is c a d m i u m 
c h r o m a t e . O n m i x i n g a q . soln. of c a d m i u m ch lor ide a n d s o d i u m c h r o m a t e , a yellow, 
n o c c u l e n t p r e c i p i t a t e is fo rmed w h i c h r a p i d l y becomes g r a n u l a r ; i t is a bas ic 
c a d m i u m c h r o m a t e wh ich easi ly loses c h r o m i c ac id w h e n w a s h e d w i t h w a t e r a n d 
a b s o r b s c a r b o n d iox ide w h e n exposed t o air . W h e n e q u a l vols , of c a d m i u m chlor ide 
a n d s o d i u m c h r o m a t e soln. a r e m i x e d h o t a n d boi led for t h r e e d a y s , d u r i n g wh ich 
pe r iod t h e p r e c i p i t a t e fo rmed is w a s h e d t w e n t y - f o u r t i m e s , t h e r e s idue o b t a i n e d 
h a s t h e mol . p r o p o r t i o n s CdO : 0-342CrO 3 i 1-428H 2O. 

T h e ea r ly w o r k e r s — L . N . V a u q u e l i n , 1 6 C. M. M a r x , S. M. G o d o n d e S t . Menin , 
e t c . — p r e p a r e d a bas ic m e r c u r o u s c h r o m a t e b y t r e a t i n g a soln. of m e r c u r o u s n i t r a t e 
w i t h p o t a s s i u m c h r o m a t e . T h e p resence of n i t r o u s ac id p r e v e n t s t h e p r e c i p i t a t i o n 
b y r educ ing ch romic ac id t o c h r o m i c ox ide . If a n excess of n i t r i c ac id b e p r e s e n t } 
p a r t of t h e ch romic ac id fo rms m e r c u r i c ox ide a n d c h r o m i c n i t r a t e a n d t h e l iqu id 
becomes a m e t h y s t - b l u e , b u t , on a d d i n g m o r e m e r c u r o u s n i t r a t e , t h e who le of t h e 
c h r o m i u m is p r e c i p i t a t e d a s m e r c u r o u s c h r o m a t e . T h e s a m e p r o d u c t is o b t a i n e d 
w h e t h e r t h e soln. b e h o t o r cold, a n d , a d d e d P . a n d M. M. H i c h t e r , s t a t e m e n t s t o 
t h e c o n t r a r y a r e b a s e d on t h e use of m e r c u r o u s n i t r a t e c o n t a m i n a t e d w i t h n i t r i t e . 
T h e ana lyses of Li. Gmel in , F . F i c h t e r a n d G. Oes te rhe ld , a n d S. M. G o d o n de S t . 
Menin agree w i t h t h e a s s u m p t i o n t h a t t h e bas ic s a l t — m e r c u r o u s oxy tr i s chromate , 
H g 2 O ^ H g 2 C r O 4 — i s fo rmed . C. F ree se , a n d F . F i c h t e r a n d G. Oes te rhe ld also 
o b t a i n e d i t b y t h e hyd ro ly s i s of m e r c u r o u s c h r o m a t e . T h e b r i g h t r e d p o w d e r 
t u r n s b l a c k w h e n e x p o s e d t o l igh t ; a n d a t a r e d - h e a t i t is d e c o m p o s e d i n t o ch romic 
oxide , oxygen , a n d m e r c u r y . H . Hose sa id t h a t i t d issolves v e r y spa r ing ly in 
cold w a t e r , b u t freely in boi l ing w a t e r t o fo rm a m e r c u r i c sa l t . A . A . H a y e s sa id 
t h a t hydroch lo r i c ac id c o n v e r t s i t i n t o m e r c u r o u s ch lor ide a n d ch romic ac id ; 
a m m o n i a c o n v e r t s i t i n t o a b l a c k p o w d e r which , t o g e t h e r w i t h t h e m e r c u r o u s oxide , 
c o n t a i n s a b o u t half t h e c h r o m i u m as c h r o m i c ox ide . R . H . B r e t t sa id t h a t i t is 
s l igh t ly soluble in aq . soln. of a m m o n i u m chlor ide or n i t r a t e . A. A . H a y e s a d d e d 
t h a t i t is s l igh t ly soluble in n i t r i c ac id . S. D a r b y found t h a t bas ic m e r c u r o u s 
c h r o m a t e is t r a n s f o r m e d in to n o r m a l m e r c u r o u s Chromate, H g 2 C r O 4 , b y boi l ing i t 
w i t h n i t r i c ac id ; a n d F . F i c h t e r a n d G. Oes te rhe ld o b t a i n e d i t b y d issolving basic 
m e r c u r o u s c h r o m a t e in boi l ing S iV-HNO 3 , a n d cool ing ; a n d also b y t r e a t i n g a 
n o r m a l soln. of m e r c u r o u s n i t r a t e w i t h p o t a s s i u m c h r o m a t e . C. F reese t r e a t e d a n 
excess of a soln. of m e r c u r o u s n i t r a t e -with p o t a s s i u m d i c h r o m a t e , a n d w a s h e d 
t h e p r o d u c t w i t h di l . n i t r i c ac id ; L . S c h u l e r u d a d d e d t h a t if twice t h e p r o p o r t i o n 
of m e r c u r o u s n i t r a t e b e n o t p re sen t , some d i c h r o m a t e is fo rmed . S. D a r b y found 
t h a t a c o m p l e x sa l t is p r o d u c e d w h e n e q u i m o l a r p a r t s of p o t a s s i u m d i c h r o m a t e 
a n d m e r c u r y c y a n i d e a r e m i x e d in soln. a n d e n o u g h n i t r i c ac id a d d e d t o t h e boi l ing 
soln. t o dissolve t h e p r e c i p i t a t e ; o n cool ing, m e r c u r o u s c h r o m a t e is depos i t ed as a 
c rys ta l l ine p o w d e r . J . A . A t a n a s i u found t h a t in t h e e l ec t romet r i c t i t r a t i o n of 
soln. of m e r c u r o u s n i t r a t e a n d p o t a s s i u m c h r o m a t e t h e r e is a b r e a k cor respond ing 
w i t h t h e f o r m a t i o n of m e r c u r o u s d i c h r o m a t e . Mercu rous c h r o m a t e m a y form red , 
r h o m b i c p l a t e s , o r i t m a y a p p e a r a s a b r o w n , a m o r p h o u s p r ec ip i t a t e which soon 



282 I N O R G A N I C A N D T H E O R E T I C A L , C H E M I S T R Y 

becomes red, a n d crystal l ine. E . F i c h t e r a n d G. Oes te rhe ld sa id t h a t i t shou ld b e 
p rec ip i t a t ed froin ice-cold soln. since hydro lys i s occurs a t h igher t e m p . , a n d bas ic 
sa l ts a re formed. O. D . S w e t t sa id t h a t n i t r i c acid is a good so lven t for t h i s 
chr ornate . According t o S. D a r b y , hydroch lo r ic ac id p rec ip i t a t e s m e r c u r y 
q u a n t i t a t i v e l y from t h e soln. of t h e sa l t in n i t r ic ac id ; a n d a m m o n i a , or p o t a s s i u m 
hydrox ide gives b lack p rec ip i t a t e s . P . a n d M. M. R i c h t e r found t h a t p o t a s s i u m 
bromide , iodide, a n d cyan ide r eac t s imi lar ly ; t h e iodide, for example , p rec ip i t a t e s 
green mercurous iodide which, w i t h m o r e p o t a s s i u m iodide, fo rms m e r c u r y a n d 
mercur ic iodide, a n d t h u s dissolves as K H g I 3 ; w i t h p o t a s s i u m cyan ide , t h e c o m p l e x 
2K 2 CrO 4 . 3HgCy 2 is formed. F . F i c h t e r a n d G. Oes te rhe ld sa id t h a t t h e sa l t is 
less soluble in a soln. of po t a s s ium c h r o m a t e t h a n i t is in w a t e r . A. N a u m a n n 
found t h a t t h e sa l t is insoluble in ace tone ; a n d H . Rose , t h a t i t is s l ight ly soluble 
in dil . n i t r ic acid, v e r y soluble in cone, n i t r i c acid, soluble in a soln. of p o t a s s i u m 
cyanide , a n d insoluble in a soln. of m e r c u r o u s n i t r a t e . 

E . F i ch t e r and G. Oesterheld observed t h a t t h e hydro lys i s of n o r m a l m e r c u r o u s 
c h r o m a t e furnishes t h e oxy t r i s ch roma te (q. v.), a n d s u b s e q u e n t l y mercurous 
oxybischromate , H g 2 0 . 2 H g 2 C r O 4 . This sa l t is fo rmed w h e n freshly p r ec ip i t a t ed 
mercurous c h r o m a t e is boiled w i th w a t e r so long as chromic ac id passes i n t o soln. 
If p rec ip i t a t ed mercurous c h r o m a t e be al lowed t o s t a n d u n d e r t h e mothe r - l iqu id , 
con ta in ing a n excess of mercu rous n i t r a t e for 7 days , or if i t be boi led w i th m o t h e r -
l iquid for 4 hrs . , d a r k red microscopic needles of t h e o x y b i s c h r o m a t e a re fo rmed . 
F . a n d M. M. R ich t e r ob ta ined mercurous d ioxychromate , 2Hg 2 O-Hg 2 CrO 4 , b y 
t h e ac t ion of alkalies on mercu rous c h r o m a t e . This sa l t forms b lack c rys ta l s , 
which when dr ied a t a h igh enough t e m p , becomes d a r k green or b rownish-b lack 
owing t o t h e loss of a l i t t le mercury—v ide infra, o x y d i m e r c u r i a m m o n i u m c h r o m a t e ; 
for t h e p roper t i e s of these basic chrornates , vide supra, mercu rous o x y t r i c h r o m a t s 

M. Groger r epo r t ed potass ium mercurous chromate , K 2 CrO 4 -Hg 2 CrO 4 , t o be 
fo rmed by t he ac t ion of a soln. of mercu rous n i t r a t e , con ta in ing as l i t t le free n i t r ic 
ac id as possible, on a sa t . soln. of po t a s s ium c h r o m a t e . After shak ing for a couple 
of weeks, t h e solid is s epa ra t ed by a suc t ion filter, a n d dr ied on a po rous t i le. The 
brownish-yel low p r o d u c t decomposes when me l t ed ; a n d when t r e a t e d w i t h w a t e r 
i t furnishes basic mercurous ch roma te . 

According t o A. Geuther , a n d A. J . Cox, if equ imola r p a r t s of c h r o m i u m t r iox ide 
a n d yellow mercur ic oxide be boiled wi th water , r ed crys ta ls of mercuric c h r o m a t e , 

HgCrO 4 , a re formed. T h e d a r k g a r n e t - r e d , 
r hombic pr i sms become sti l l d a r k e r w h e n h e a t e d , 
b u t t h e y lose no we igh t a t 135° ; a t a r e d - h e a t , 
t h e sa l t decomposes y ie ld ing m e r c u r y , oxygen , 
a n d chromic oxide . T h e sa l t is h y d r o l y z e d b y 
cold water , a n d wi th h o t w a t e r , a res idue 
7HgO.2CrO 3 is formed ; t h e hydro lys i s c a n p r o ­
ceed fur ther un t i l finally mercu r i c ox ide r e m a i n s . 
If t h e cone, of t h e ch romic ac id b e less t h a n 
0-46 mol CrO 3 per l i t re , t h e n o r m a l c h r o m a t e is 
u n s t a b l e — F i g . 50. Cold cone, n i t r i c acid t r a n s ­
forms t h e sa l t i n to 7 H g 0 . 2 C r O a ; m o d e r a t e l y 
cone, n i t r ic a n d su lphur ic acids also form 

7 H g 0 . 2 C r 0 3 . T h e sa l t is comple t e ly soluble in hydroch lor ic acid, a n d from th i s 
soln. , a lkal i - lye j>recipitates mercur ic oxide . M. Groger o b t a i n e d mercuric 
d i a m m i n o c h r o m a t e , H g C r 0 4 . 2 N H 3 . H 2 0 , b y d r o p p i n g a soln. of 8-64 g r m s . of 
m e r c u r i c ox ide in 6 c.c. of n i t r i c ac id of sp . gr. 1*41, a n d d i lu t ed t o 20 c.c. i n t o 
50 c.c. of a soln. of 2 mols . of a m m o n i u m c h r o m a t e . A. N a u m a n n sa id t h a t t h e 
mercur i c c h r o m a t e is insoluble in e t h y l a c e t a t e a n d in ace tone . 

A . J-. Cox s t u d i e d t h e t e r n a r y s y s t e m : H g O - C r O 3 - H 2 O a t 25°, a n d found t h a t 
u n d e r t hese cond i t ions only one basic sa l t is formed. T h e i n v a r i a n t po in t s , 
A9 B9 E9 JP9 G9 P i g . 50, a r e i n d i c a t e d in Tab le I V . where c o n c e n t r a t i o n s a r e expressed 
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T A B X J B I V . — I i s r v A E I A N T P O I N T S I N THE: S Y S T E M U g O - C r O 8 - H 2 O A T 2 5 ° . 

MoIs CrO8. 

0 - 4 5 6 
1 0 - 4 6 
11 11 
1 0 - 8 

MoIs Hg. 

0 - 0 3 5 
0 - 7 5 8 

Solid phases. 

H g O + 3 H g O - C r O 3 
3 H g O - C r O 3 + H g C r O 4 
H g C r O 4 -4- H g 2 C r 2 O 7 
H g 2 C r 2 O 7 ^ - C r O 3 

C r O 3 

F i g . 

A 
B 
JiJ 

a 

in mols pe r l i t re , 
found t h a t a t 50° 

T h e resu l t s a r e also s h o w n graph ica l ly in F ig . 50. I t was also 

OrOD 
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0 0 0 0 1 3 
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N . A. E . Millon boi led yellow mercur i c oxide w i t h a soln. of p o t a s s i u m d i c h r o m a t e 
a n d ob t a ined mercuric d ioxychromate , 2 H g C H g C r O 4 , or 3 H g C C r O 3 . B . Skormin 
ob t a ined t h e s a m e p r o d u c t from freshly p r ec ip i t a t ed 
yel low mercur ic oxide a n d a n excess of a soln. of 
p o t a s s i u m d i c h r o m a t e . N . A. E . Millon, B . Skormin , 
C. Ereese , a n d A. J". Cox also ob ta ined i t b y t r e a t i n g a 
soln. of mercur i c n i t r a t e w i th p o t a s s i u m d i c h r o m a t e or 
c h r o m a t e . T h e condi t ions of equ i l ib r ium a re i l l u s t r a t ed 
b y Eig . 5 1 . N . A. E . Millon found t h a t t h e s a m e p r o ­
d u c t is o b t a i n e d w i t h mercu r i c chlor ide, b u t A . Caillot 
could n o t p r e p a r e i t w i t h mercur i c b r o m i d e . A. J . Cox, 
a n d A. G e u t h e r ob t a ined i t b y t h e hydro lys i s of mercur ic 
c h r o m a t e ; a n d A. G e u t h e r , b y p o u r i n g a cold so lu t ion 
of mercur i c c a r b o n a t e in cone, n i t r i c ac id i n t o cold 
w a t e r — t h e p rec ip i t a t e is a t first yellow, b u t soon be­
comes scar le t - red . B . S k o r m i n also p r e p a r e d th i s sal t . 
A. J . Cox showed t h a t t h e m i n i m u m cone, of ac id in 
which t h e sa l t is s t ab le is 0000262V^HNO 3 a t 50°. 
J . Li. G a y Lussac a n d L . J . T h e n a r d found t h a t mercur ic 
c h r o m a t e is decomposed wi th incandescence w h e n h e a t e d 
wi th p o t a s s i u m . 

S e v e r a l o t h e r b a s i c s a l t s h a v e b e e n r e p o r t e d ; t h u s , E . J ivger a n d G. KLriiss, a n d 
F . W . C l a r k e a n d D . S t e r n r e p o r t e d 6 H g O . C r O 3 , b u t n e i t h e r B . S k o r m i n , n o r A . J . C o x 
c o u l d v e r i f y i t s e x i s t e n c e ; 13. J a g e r a n d O . KLriiss a l s o r e p o r t e d 5 H g C C r O 3 , b u t A . J . C o x 
c o u l d n o t c o n f i r m t h e r e s u l t ; N . A . E . M i l l o n , a n d E . W . C l a r k e a n d I X S t e r n , 4 H g O - C r O 3 , 
b u t n e i t h e r A . JT. C o x , n o r B . S k o r m i n c o u l d a c c e p t t h e e v i d e n c e : M . G r o g e r s t a t e d t h a t 
t h i s c o m p o u n d f o r m s t h e a m m i n o c o m p o u n d 3 ( 4 H g O . C r O 3 ) . 2 N H 3 . 3 H 3 O , b y e x t r a c t i o n 
w i t h a s o l n . of a m m o n i u m c h r o m a t e . A . G e u t h e r , a n d F . W . C l a r k e a n d D. S t e r n r e p o r t e d 
7 H g O . 2 C r O 3 , b u t C . F r e e s e , B . S k o r m i n , a n d A . J . C o x w e r e u n a b l e t o v e r i f y t h e r e s u l t ; 
a n d A . G e u t h e r r e p o r t e d 2 H g O . C r O 3 , b u t A . J . C o x c o u l d n o t c o n f i r m t h e r e s u l t . F . K o s o 
m e n t i o n e d t h e u s e of t h e b a s i c o h r o m a t e s a s p i g m e n t s — p u r p l e red, o r chrome red. 

F . M. L i t t e r sche id a d d e d a m m o n i a t o a soln. of p o t a s s i u m d i ch roma te , mixed 
w i t h a n excess of mercu r i c chlor ide , in t h e cold un t i l t h e l iquid h a d a n alkal ine 
reac t ion ; a n d o b t a i n e d d i m e r c u r i a m m o n i u m chromate , (ISTHg2J2CrO4^H2O. The 
s a m e p r o d u c t w a s o b t a i n e d b y a d d i n g a n excess of a m m o n i a t o a cold soln. of 
mercur i c chlor ide, a n d t h e n a d d i n g a soln. of p o t a s s i u m c h r o m a t e or d i ch romate . 
The lemon-yel low p r e c i p i t a t e g a v e off n o w a t e r w h e n h e a t e d for m a n y hours a t 
100° ; i t is v i r t ua l l y insoluble in wa te r , a n d in a cold 10 pe r cen t . soln. of a m m o n i a 
—free f rom a m m o n i u m sa l t s . T h e mo i s t sa l t dissolves in soln. of a m m o n i u m sal ts . 
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t e m : H g O - C r O 3 - H 9 O a t 
2 5 ° . 
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T h e m o i s t c o m p o u n d is freely soluble in 10 pe r cen t , hyd roch lo r i c ac id , b u t if t h e 
sa l t h a s been dr ied i t dissolves w i t h difficulty. T h e d r i ed sa l t is eas i ly soluble in 
25 p e r cent , hydroch lor ic ac id ; a n d is inso luble in boil ing, cone , n i t r i c or s u l p h u r i c 
ac id , w i t h g r a d u a l decompos i t i on ; t h e m o i s t sa l t is m o r e eas i ly a t t a c k e d 
b y these ac ids . F . W . Clarke a n d D . S t e r n o b t a i n e d w h a t t h e y r e g a r d e d 
a s a complex sa l t , ammonium dimercuriammonium chromate. Acco rd ing t o 
E . C. F r a n k l i n , a sa l t of t h i s compos i t ion c a n b e r e g a r d e d a s mercuric 
hydroxyimidochr ornate, ( H O . H g . N H . H g ) 2 C r O 4 ; or as oxydimercuriammonium 
chromate, ( N H 2 - H g . 0 . H g ) 2 C r O 4 . F . F i c h t e r a n d G. Oes te rhe ld o b t a i n e d i t b y t h e 
ac t ion of a q . a m m o n i a on m e r c u r o u s c h r o m a t e , a n d said t h a t P . a n d M. M. R i c h t e r 
were wrong in s ay ing t h a t t h e p r o d u c t of t h e a c t i o n is m e r c u r o u s d i o x y c h r o m a t e ; 
t h e a c t i o n of a lkal ies furnishes a m i x t u r e of m e r c u r o u s oxide , or mercu r i c ox ide 
a n d m e r c u r y . C. H e n s g e n o b t a i n e d th i s p r o d u c t b y t h e ac t i on of a ho t , cone . soln. 
of a m m o n i u m c h r o m a t e on mercu r i c chlor ide , a n d b y boi l ing t h e c o m p l e x d i c h r o m a t e 
w i t h a q . a m m o n i a or po t a sh - lye ; C. H . Hi rze l , b y d iges t ing bas ic o x y d i m e r c u r i ­
a m m o n i u m c h r o m a t e {vide infra) w i t h a q . a m m o n i a , a n d wash ing w i t h h o t w a t e r ; 
a n d B . Sko rmin , b y mix ing a n excess of a cold, cone . soln. of a m m o n i u m c h r o m a t e 
w i t h mercur i c n i t r a t e , a n d boi l ing t h e orange-yel low, a m o r p h o u s p r e c i p i t a t e w i t h 
w a t e r u n t i l i t g ives n o r eac t i on for n i t r i c acid, a n d is colourless . T h e ye l low 
p r o d u c t c a n be r e p r e s e n t e d a s a n a m i d o c h r o m a t e , 3 H g O . H g ( N H 2 J 2 O r O 3 ; i t 
becomes greyish-yel low a t 100°, a n d begins t o decompose i n t o a m m o n i a a n d a 
bas ic mercuric amidochromate, 3 H g O . H g ( N H 2 J 2 C r O 3 . W h e n h e a t e d in a t u b e , i t 
g ives a yel lowish-red s u b l i m a t e a n d m e r c u r y ; i t g lows b r i g h t l y w i t h s p a r k i n g 
w h e n h e a t e d in a i r ; i t is n o t d e c o m p o s e d b y p o t a s h - l y e , b u t w i t h a boi led soln. 
a m m o n i a is evo lved ; i t deve lops a m m o n i a -when h e a t e d w i t h a soln. of p o t a s s i u m 
iodide ; a n d i t is soluble in hydroch lo r i c acid, b u t n i t r i c a n d su lphu r i c ac ids h a v e 
scarcely a n y ac t ion . 

C. H. Hirzel prepared oxydimercuriammonium mercuric oxyquadrichromate, 
H g O . 3 H g C r O 4 ( N H 2 . H g . O . H g ) 2 C r O 4 . H e sa id t h a t a cold soln . of a m m o n i u m 
d i c h r o m a t e h a s n o a p p a r e n t ac t ion on yel low m e r c u r i c ox ide ; b u t w h e n t h e 
m i x t u r e is boi led th i s sa l t is fo rmed as a n orange-yel low, s a n d y p o w d e r . C. H e n s g e n 
r e g a r d e d i t a s a m i x t u r e of mercu r i c ox ide or bas ic m e r c u r i c c h r o m a t e , a n d 
a m m o n i u m o x y d i m e r c u r i a m m o n i u m d i c h r o m a t e ; a n d B . C. F r a n k l i n r e p r e s e n t e d 
i t b y t h e fo rmula 3 H g C r O 4 - H g O . ( H O . H g . N H . H g ) 2 C r 0 4 . C. H . Hirze l found t h a t 
w h e n h e a t e d in a t u b e , t h e c o m p o u n d d a r k e n s in co lour a n d t h e n decomposes 
w i t h a feeble d e t o n a t i o n ; or i t m a y y ie ld n i t r o u s v a p o u r s , a ye l low s u b l i m a t e of 
m e r c u r y , a n d ch romic ox ide . A m m o n i a t r a n s f o r m s i t i n t o l emon-ye l low o x y d i ­
m e r c u r i a m m o n i u m c h r o m a t e ; po t a sh - lye m a k e s t h e colour pa ler , b u t g ives n o 
a m m o n i a ; boi l ing soln. of p o t a s s i u m iodide or su lph ide l i be ra t e t h e n i t r o g e n 
q u a n t i t a t i v e l y a s a m m o n i a ; cone , n i t r i c ac id d e c o m p o s e s i t w i t h o u t i t s pa s s ing 
i n t o soln. ; a n d i t fo rms a r edd i sh -ye l low soln. w i t h h y d r o c h l o r i c ac id . 

S. L o w e n t h a l desc r ibed mercuric amidochromate, H g 3 N H 2 ( C r O 4 J 2 ; a n d M. Groge r 
sa id t h a t potassium mercuric chromate is n o t p r o d u c e d b y t r e a t i n g m e r c u r i c n i t r a t e 
o r ch lor ide as in t h e ana logous process for t h e m e r c u r o u s sa l t , b u t r a t h e r y ie lds a 
bas ic c h r o m a t e wh ich a d s o r b s p o t a s s i u m c h r o m a t e . 

A . J . F a i r r i e , 1 7 a n d C. W . E l i o t a n d F . H . S to re r t r e a t e d a soln. of p o t a s h - a l u m 
w i t h p o t a s s i u m c h r o m a t e , a n d o b t a i n e d a p r e c i p i t a t e which af te r press ing, cor re ­
s p o n d e d w i t h a l u m i n i u m d ioxychromate* A l 2 O 2 . C r 0 4 . n H 2 0 . M. Siewer t , a n d 
A. M a u s also d issolved a l u m i n i u m h y d r o x i d e in a soln. of c h r o m i c acid, a n d on 
e v a p o r a t i n g t h e l iquid , o b t a i n e d a l u m i n i u m h y d r o x i d e , a n d a n acidic soln . 
E . F l e i sche r obse rved t h a t n o p r e c i p i t a t e is p r o d u c e d b y a d d i n g p o t a s s i u m 
d i c h r o m a t e t o a soln. of p o t a s h - a l u m ; a n d w h e n t h e l iqu id is e v a p o r a t e d a l u m first 
c rys ta l l i zes o u t , a n d t h e n p o t a s s i u m d i c h r o m a t e . T h e r e is h e r e n o sa t i s f ac to ry 
e v i d e n c e of t h e f o r m a t i o n of a n a l u m i n i u m c h r o m a t e . L*. B l a n c , howeve r , r e g a r d e d 
t h e f o r m a t i o n of t h e bas ic c h r o m a t e a s p r o v e d . Accord ing t o M. Groger , t h e 
a d d i t i o n of a q . p o t a s s i u m c h r o m a t e t o a soln. of p o t a s s i u m - a l u m p r e c i p i t a t e s bas ic 
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a l u m i n i u m s u l p h a t e s ; a s t h e q u a n t i t y of t h e c h r o m a t e is increased , t h e p r e c i p i t a t e 
becomes m i x e d w i t h a n increas ing a m o u n t of c h r o m a t e ; w h e n t h e a l u m a n d p o t a s ­
s i u m c h r o m a t e a r e in t h e r a t i o A l 2 O 3 : 2CrO 3 , n o p r e c i p i t a t e is fo rmed . O n mix ing 
soln. of a l u m i n i u m chlor ide a n d p o t a s s i u m c h r o m a t e , a yel low p r e c i p i t a t e is fo rmed 
wh ich h a s t h e c o m p o s i t i o n 2Al 2 O 3 .C rO 3 . 6H 2 O ; t h e p r e c i p i t a t i o n of t h e a l u m i n i u m 
is n o t c o m p l e t e u n t i l 3 mo l s of p o t a s s i u m c h r o m a t e h a v e b e e n a d d e d for e ach mo l 
of a l u m i n i u m chlor ide . Soln . m a d e b y dissolving a l u m i n i u m h y d r o x i d e in c h r o m i c 
ac id a l w a y s c o n t a i n A l 2 O 3 a n d CrO 3 in t h e p r o p o r t i o n of 1 : 1-4 t o 1*45 ; f rom t h i s 
soln. , t h e inso luble bas ic c h r o m a t e m e n t i o n e d a b o v e s e p a r a t e s on k e e p i n g . N o 
ind i ca t i on w a s obse rved of t h e f o r m a t i o n of t h e c o m p o u n d A l 2 O 3 .C rO 3 . 7H 2 O, 
desc r ibed b y A. J . Ea i r r i e . N . A. Orloff sa id t h a t a l u m i n i u m c h r o m a t e , l ike 
be ry l l i um c h r o m a t e , is h y d r o l y z e d b y w a t e r w i t h o u t fo rming a n y definite bas ic 
s a l t ; a n d Iu. P e t r i k r e p r e s e n t e d t h e r e a c t i o n : A l 2 ( S O 4 J 3 + 3 K 2 C r O 4 + 3 H 2 O 
= A l 2 ( O H ) 6 - f - 3 C r 0 3 - j - 3 H 2 S 0 4 — v i d e supra, t h e co lour of ch romic ox ide . 
S. H . C. Br iggs a d d e d a soln. of 4 g r m s . of h y d r a t e d a l u m i n i u m chlor ide in 25 c.c. 
of w a t e r t o a soln. of 15 g r m s . of s o d i u m c h r o m a t e in 30 c.c. of w a t e r , a n d h e a t e d 
t h e m i x t u r e for a n h o u r on t h e w a t e r - b a t h . T h e filtered p r e c i p i t a t e w a s washed 
w i t h a l i t t l e w a t e r , a n d d r i ed in v a c u o . A m i x t u r e of 2 g r m s . of c h r o m i c t r iox ide , 
2 c.c. of wa t e r , a n d 1-8 g r m s . of t h e p o w d e r e d p r o d u c t w a s h e a t e d in a sea-led 
t u b e a t 200° t o 210° for 4 hrs . , a n d t h e c rys ta l l ine , inso luble , l emon-ye l low 
p r o d u c t co r r e sponded w i t h a l u m i n i u m o x y d i c h r o m a t e , 3A l 2 O 3 . 2CrO 3 . 6H 2 O, or 
A l 2 0 3 . 2 ( A 1 0 ) 2 C r 0 4 . 6 H 2 0 . 

Accord ing t o H . E . M e y e r , 1 8 a n d C. Wink le r , a soln. of a n e u t r a l s a l t of i n d i u m 
gives a n insoluble p r e c i p i t a t e of a n i n d i u m c h r o m a t e w h e n t r e a t e d w i t h a n a lkal i 
c h r o m a t e . A soln. of i n d i u m sesqu iox ide in a q . c h r o m i c acid , does n o t crys ta l l ize 
w h e n e v a p o r a t e d , or w h e n a l lowed t o s t a n d in a des icca tor . O n l y a v isc id s y r u p is 
p r o d u c e d . W . Crookes 1 9 o b s e r v e d t h a t tha l l ous c h r o m a t e , T l 2 CrO 4 , is p r e c i p i t a t e d 
w h e n a soln. of a n e u t r a l t h a l l o u s sa l t is t r e a t e d w i t h p o t a s s i u m c h r o m a t e ; a n d 
also b y d iges t ing t ha l l ous d i c h r o m a t e w i t h a m m o n i a . E . C a r s t a n j e n o b t a i n e d i t 
f rom a soln. of t ha l l ous c a r b o n a t e in a q . c h r o m i c ac id . G. Canne r i o b s e r v e d t h a t 
M. Groger ' s m e t h o d for bas ic l ead c h r o m a t e s y ie lds w i t h t h a l l o u s sa l t s , on ly t h e 
n o r m a l c h r o m a t e . T h e a c t i o n of dil . ac id on t h a l l o u s c h r o m a t e y ie lds t ha l l ous 
d i c h r o m a t e , b u t if a q u a n t i t y of s u l p h u r i c ac id insufficient t o dissolve t h e c h r o m a t e 
is e m p l o y e d a n d t h e boi l ing soln. is filtered a n d cone , tha l lous l iydrochroxnate, 
TlHCrO 4 -T l 2 CrO 4 , in c i n n a b a r - r e d c rys t a l s , a n d of ten in c ruc i fo rm t w i n s , is fo rmed . 
T h a l l o u s c h r o m a t e d a r k e n s w h e n h e a t e d , a n d t h e n m e l t s w i t h o u t d e c o m p o s i t i o n . A t 
a h igher t e m p , t h e s a l t d e c o m p o s e s . J . W . R e t g e r s sa id t h a t t h e c r y s t a l s a r e p r o b a b l y 
n o t i s o m o r p h o u s w i t h p o t a s s i u m c h r o m a t e or t h a l l o u s s u l p h a t e . Accord ing t o 
G. Canner i , t h e e.m.f. of t h e e lec t rode , m e r c u r y a m a l g a m a g a i n s t a s a t u r a t e d tha l lous 
c h r o m a t e soln. va r i e s c o n t i n u o u s l y w i t h t h e t e m p . , t h e c u r v e e x h i b i t i n g n o c h a r a c t e r ­
is t ic p o i n t co r r e spond ing w i t h t h e c h a n g e in co lour w h i c h t h a l l o u s c h r o m a t e c rys t a l s 
u n d e r g o w h e n h e a t e d a t 60°. S imi la r ly t h e c o n d u c t i v i t y of s a t . t ha l l ous c h r o m a t e 
shows n o s u d d e n v a r i a t i o n b e t w e e n 25° a n d 90° . T h e pa le ye l low or lemon-yel low 
a m o r p h o u s p r e c i p i t a t e is s l igh t ly so luble in w a t e r . E . R u p p a n d M. Z i m m e r said 
t h a t 1OO p a r t s of w a t e r a t 60° dissolve 0-03 p a r t of t h a l l o u s c h r o m a t e ; a n d 
P . E . B r o w n i n g a n d G. P . H u t c h i n s sa id t h a t IOO g r m s . of w a t e r a t 100° dissolve 
0*2 g r m . E . Ca r s t an j en obse rved t h a t i t is a t t a c k e d b y dil . hydroch lo r i c acid ; 
a n d W . Crookes f o u n d t h a t i t is d isso lved b y m o d e r a t e l y cone , boi l ing hydroch lo r i c 
acid, a n d o n cool ing ve rmi l ion - red c r y s t a l s s e p a r a t e — p r o b a b l y t h e t r i c h r o m a t e . 
E . Ca r s t an j en a d d e d t h a t w i t h cone , hydroch lo r i c acid , t ha l l ous ch lor ide is s e p a r a t e d , 
a n d a g reen soln. is fo rmed . W . Crookes also obse rved t h e f o r m a t i o n of t h a l l i u m 
chlor ide b y t h e a c t i o n of cone , hyd roch lo r i c ac id . E . C a r s t a n j e n found t h a t dil . 
su lphu r i c ac id a t t a c k s t h a l l o u s c h r o m a t e s lowly in t h e cold, a n d w h e n t h e acid is 
h e a t e d , E . W i l l m sa id t h a t t h e d i - o r t r i - c h r o m a t e is formed. W i t h cone, sul­
p h u r i c ac id , v io le t t h a l l i u m c h r o m e - a l u m s e p a r a t e s o u t . E . C a r s t a n j e n obse rved 
t h a t di l . n i t r i c acid* a s well a s cone , ace t i c acid, d o n o t dissolve t ha l l ous c h r o m a t e in 
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t h e cold, b u t wi th boi l ing soln., a l i t t le c h r o m a t e is d issolved. I t a lso b e h a v e s 
s imi lar ly t o w a r d s aq . soln. of a m m o n i a a n d s o d i u m c a r b o n a t e . M. L a c h a u d a n d 
C Lepie r re found t h a t a l i t re of boi l ing i V - K O H dissolves 3-5 g r m s . of t h a l l o u s 
c h r o m a t e , a n d on cooling, a l m o s t al l s e p a r a t e s o u t i n s ix-s ided p y r a m i d a l c ry s t a l s . 
A soln. of po tash- lye of sp . gr . 1*3 dissolves 18 g r m s . of c h r o m a t e p e r l i t re . Mol t en 
p o t a s s i u m h y d r o x i d e conve r t s i t i n t o tha l l ic ox ide . W h e n t ha l l ous a n d p o t a s s i u m 
c h r o m a t e s a re m e l t e d w i t h p o t a s s i u m n i t r a t e , po tas s ium tba l lous c h r o m a t e , 
KTlCrO 4 , or K 2 CrO 4 -T l 2 CrO 4 , is fo rmed . M. Hebbe r l i ng , a n d W . S t r e c k e r o b s e r v e d 
t h a t reddish -yellow or b r o w n p rec ip i t a t e s a re o b t a i n e d w h e n soln. of tha l l i c sa l t s 
a re t r e a t e d w i t h soluble c h r o m a t e s or d i c h r o m a t e s . T h e resu l t is thal l ic c h r o m a t e . 
Accord ing t o G. Canner i , tha l l ic c h r o m a t e m a y b e o b t a i n e d p u r e a s a go lden yel low, 
c rys ta l l ine p o w d e r b y dissolving f resh ly -prec ip i t a ted tha l l ic ox ide in excess of 
ch romic a n h y d r i d e soln. Accord ing to L . F . H a w l e y , po tas s ium thal l ic c h r o m a t e , 
K T l ( C r 0 4 ) 2 - 2 H 2 0 , is o b t a i n e d b y a d d i n g p o t a s s i u m h y d r o x i d e t o a soln. of tha l l i c 
h y d r o x i d e in ch romic acid . T h e yel low sa l t is r a p i d l y h y d r o l y z e d b y w a t e r unless 
a la rge excess of ch romic ac id is p r e s e n t . 

I J . H a b e r 2 ° obse rved n o p rec ip i t a t i on occurs w h e n ce r ium, l a n t h a n u m , a n d 
d i d y m i u m sa l t s a re boi led w i t h ch romic acid, or w i t h p o t a s s i u m or s o d i u m 
d i c h r o m a t e , b u t a bas ic sa l t is p r e c i p i t a t e d w h e n t h o r i u m or z i r con ium sa l t s a r e 
s imi lar ly t r e a t e d . J . F . J o h n , a n d A. Ber inger found t h a t a soln. of ce rous c a r b o n a t e 
in aq . ch romic acid slowly depos i t s cerous c h r o m a t e as a ye l low powder , a n d w h e n 
t h e mo the r - l i quo r is e v a p o r a t e d , c rys t a l s of a n acid sa l t a re fo rmed . Accord ing t o 
S. Jo l in , soln. of cerous sa l t s also give p r e c i p i t a t e s of bas ic cerous c h r o m a t e s 
w h e n t r e a t e d w i t h so ln . of p o t a s s i u m c h r o m a t e or d i c h r o m a t e . F . Z a m b o n i n i 
a n d G. Carobbi f o u n d t h a t w h e n a n i n t i m a t e m i x t u r e of cerous chlor ide a n d 
p o t a s s i u m c h r o m a t e is h e a t e d t o 1000°, c h r o m i c ox ide a n d c e r i u m d iox ide a r e 
formed. M. M. P a t t i s o n a n d J . Clarke found t h a t w h e n t h e c h r o m a t e s o b t a i n e d 
b y e v a p o r a t i n g t o d r y n e s s a soln. of t h e m i x e d oxides of ce r ium, d i d y m i u m , a n d 
l a n t h a n u m in ch romic acid, a r e h e a t e d t o a b o u t 110°, o n l y t h e c e r i u m c h r o m a t e is 
decomposed t o form a n insoluble powder , while t h e c h r o m a t e s of d i d y m i u m a n d 
l a n t h a n u m r e m a i n u n c h a n g e d . A. Braue l l , a n d L . M. D e n n i s a n d B . Da le s f o u n d e d 
ana ly t i ca l processes on th i s r eac t i on ; G. Kr i i s s a n d A . Loose , a n d W . M u t h m a n n 
a n d C. R . B o h m found t h a t t h e f rac t iona l p r e c i p i t a t i o n b y p o t a s s i u m c h r o m a t e of 
t h e ceria e a r t h s proceeds in t h e o rde r : X.a, P r , N d , S m ; a n d of t h e y t t r i a e a r t h s , 
in t h e order : T b , Y b , E r , Y , Gd. Processes of s e p a r a t i o n h a v e b e e n devised—-by 
J . E . E g a n a n d C. W . Ba lke , B . S. H o p k i n s a n d C. W . B a l k e , H . Moissan a n d 
A. fitard, C. K. B o h m , W . M u t h m a n n a n d C. R . B o h m , L . M. D e n n i s a n d B . Da les , 
B . J . Meyer and J . W u o r i n e n , H . C. H o l d e n a n d C. J a m e s , a n d C. J a m e s — b a s e d 
on th i s reac t ion—v ide 5 . 38 , 6. Accord ing t o F . F r e r i c h s a n d F . S m i t h , a soln. of 
l a n t h a n u m s u l p h a t e a n d p o t a s s i u m c h r o m a t e gives a p r e c i p i t a t e cons is t ing of 
l a n t h a n u m c h r o m a t e , L*a 2 (Cr0 4 ) 3 .8H 2 0. L a n t h a n u m c h r o m a t e is v e r y l iable t o 
fo rm a spa r ing ly soluble p o t a s s i u m complex sa l t so t h a t P . T . CIeve sa id t h a t t h e 
p r e c i p i t a t e p r o b a b l y con t a in s t h e complex sa l t . T h e p r e c i p i t a t e is yel low, g r a n u l a r , 
a n d consis ts of microscopic c rys ta l s . I t is spa r ing ly soluble i n cold w a t e r a n d freely 
soluble in ac ids . P . T. CIeve o b t a i n e d t h e o c t o h y d r a t e b y t r e a t i n g a soln. of 
l a n t h a n u m n i t r a t e w i t h p o t a s s i u m c h r o m a t e . H . T. S. B r i t t o n a lso p r e p a r e d t h e 
octohydrate of l a n t h a n u m c h r o m a t e b y dissolving a b o u t 2 g r m s . of t h e r a r e e a r t h 
in t h e m i n i m u m a m o u n t of ch romic ac id soln. ; d i l u t i ng t h e l iqu id t o 2 l i t r e s ; a n d 
g r a d u a l l y a d d i n g 0-1-M-K2CrO4 . W h e n t h e a m o u n t of ch romic ac id used w a s k e p t 
sufficiently low, t h e q u a n t i t y of p o t a s s i u m c h r o m a t e r e q u i r e d w a s smal l , t h e r e b y 
c a u s i n g t h e s imple c h r o m a t e a lone t o b e p r ec ip i t a t ed , b u t if t o o g r e a t a q u a n t i t y 
of ac id h a d b e e n e m p l o y e d a co r re spond ing ly la rge a m o u n t of p r e c i p i t a n t w a s 
neces sa ry , a n d th i s of ten caused t h e p r e c i p i t a t i o n of doub l e c h r o m a t e s t o g e t h e r 
w i t h v a r y i n g a m o u n t s of s imple c h r o m a t e s . T h e s a l t is a b r i g h t ye l low m a s s of 
microscopic , p r i s m a t i c needles . 100 g r m s . of w a t e r a t 25° dissolve 0-020 g r m . 
c a l c u l a t e d a s a n h y d r o u s sa l t . T h e so lub i l i ty is less a t h ighe r t e m p . F . Z a m b o n i n i 
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a n d Gr. Carobb i o b t a i n e d t h e a n h y d r o u s sa l t b y h e a t i n g t h e r a r e e a r t h chlor ide 
a n d p o t a s s i u m c h r o m a t e ove r 600° ; a n d t h e y o b t a i n e d t h e monohydratey 
l « a 2 ( C r 0 4 ) 3 . H 2 0 , b y p rec ip i t a t i on f rom cold soln. G. Carobb i s t u d i e d t h e s y s t e m 
L . a 2 ( C r 0 4 ) 3 ~ ( N H 4 ) 2 C r 0 4 - H 2 0 a t 25°—Fig . 52 . T h e on ly complex sa l t fo rmed was 
ammonium lanthanum hexachromate, La2(Cr04)33(NH4)2Cr04.5H20. The study 
of t h e s y s t e m is compl i ca t ed b y t h e a l t e r a t i on of a m m o n i u m c h r o m a t e i n to 
d i c h r o m a t e , so t h a t w h e n t h e a m m o n i u m c h r o m a t e is in excess, a m m o n i u m 
d i c h r o m a t e crysta l l izes out , a n d w h e n l a n t h a n u m c h r o m a t e is in excess, t h e sa l t 
Lia 2 (Cr04)3.8H 20 sepa ra t e s . H . T. S. B r i t t o n o b t a i n e d potass ium l a n t h a n u m 
te trachromate , K 2 C r 0 4 . L , a 2 ( C r 0 4 ) 3 . 6 H 2 0 , as ind i ca t ed above . P . T . Cleve found 
t h a t if a n excess of p o t a s s i u m c h r o m a t e be employed , t h e r e is formed po tas s ium 
l a n t h a n u m heptachromate , 4 K 2 C r 0 4 . L a 2 ( C r 0 4 ) 3 . n H 2 0 . G. Carobbi s tud ied t h e 
s y s t e m L a 2 ( C r 0 4 ) 3 - K 2 C r O 4 - H 2 O a t 25°, a n d found t h a t t h e exis tence of t h e 
h y d r a t e d complex c h r o m a t e s , 1 : 1 : 2 ; 1 : 3 : 2 ; 1 : 4 : 2 ; 1 - 4 : 5 : 2 ; a n d 
1 : 5 : 2 , a re i n d i c a t e d on t h e i so the rma l cu rve , F i g . 5 3 . F . F re r i chs a n d F . S m i t h 
o b t a i n e d a p rec ip i t a t e r e sembl ing t h a t w i th t h e l a n t h a n u m sa l t w h e n a soln. of 
a d i d y m i u m sa l t is t r e a t e d w i th p o t a s s i u m c h r o m a t e . T h e p r ec ip i t a t ed d idymium 
chromate , D i 2 ( C r 0 4 ) 3 . 8 H 2 0 , w a s sa id b y P . T. Cleve t o b e c o n t a m i n a t e d w i t h a 
complex p o t a s s i u m sa l t which is o b t a i n e d b y t r e a t i n g a soln. of d i d y m i u m n i t r a t e 
wi th a n excess of p o t a s s i u m c h r o m a t e . H . T. S. B r i t t o n also o b t a i n e d t h e b r i g h t 
yel low octohydrate of praseodymium chromate , P r 2 ( C r 0 4 ) 3 . 8 H 2 0 , a s in t h e case of 
t h e l a n t h a n u m sa l t ; 100 g r m s . of w a t e r a t 25° dissolve t h e eq. of 0-021 g r m . of 
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t h e a n h y d r o u s sa l t . F . Z a m b o n i n i also p r e p a r e d t h e a n h y d r o u s sal t , a s well as 
t h e decahydrate, P r 2 (CrO 4 ) 3 . 10H 2 O, b y t h e m e t h o d s i n d i c a t e d in connec t ion w i t h 
t h e a n h y d r o u s , a n d t h e m o n o h y d r a t e d l a n t h a n u m sa l t s . H . T. S. B r i t t o n likewise 
p r e p a r e d t h e dul l yel low octohydrate of n e o d y m i u m chromate , N d 2 ( C r 0 4 ) 3 . 8 H 2 0 , w i th 
a so lubi l i ty of 0-027 g r m . p e r 100 g r m s . of w a t e r a t 25°. E . B a u r said t h a t th is 
sa l t is o l ive-brown ; a n d N . A. OrlofE, moss-green . As in t h e case of t h e 
p r a s e o d y m i u m sal t , F . Z a m b o n i n i a n d G. Carobb i also p r e p a r e d t h e a n h y d r o u s sal t , 
a n d t h e d e c a h y d r a t e . B y a d d i n g a n excess of p o t a s s i u m c h r o m a t e t o t h e soln. 
of a d i d y m i u m sal t , P . T. Cleve o b t a i n e d yel low po tas s ium d i d y m i u m chromate , 
K 2 C r O 4 . D i 2 ( C r 0 4 ) 3 . n H 2 0 . I t is hyd ro lyzed w h e n w a s h e d w i t h w a t e r w i t h t h e loss 
of p o t a s s i u m c h r o m a t e . H . T. S. B r i t t o n o b t a i n e d a m i x t u r e of a basic c h r o m a t e 
a n d po tas s ium praseodymium c h r o m a t e b y a d d i n g a n excess of p o t a s s i u m c h r o m a t e 
t o a ch romic ac id soln. of p r a s e o d y m i a ; a n d s imi lar ly w i t h po tass ium n e o d y m i u m 
chromate . H . T . S. B r i t t o n o b t a i n e d t h e octohydrate of s a m a r i u m chromate , 
S a 2 ( C r 0 4 ) 3 . 8 H 2 0 , a s i n t h e case of t h e l a n t h a n u m s a l t ; 100 g r m s . of w a t e r a t 25° dis­
solved 0-043 g r m . of t h e sa l t ca lcu la ted as a n h y d r o u s . F . Zambon in i a n d G. Carobbi 
p r e p a r e d t h e a n h y d r o u s sa l t a n d t h e enneahydrate, Sa 2 (CrO 4 J 3 .9H 2 O, as in t h e case 
of t h e a n h y d r o u s a n d m o n o h y d r a t e d l a n t h a n u m sa l t s . B y a d d i n g po tas s ium 
c h r o m a t e t o a soln. of a s a m a r i u m sal t , P . T. Cleve ob t a ined a yellow, crystal l ine 
precipitate of potassium samarium chromate, K2Cr04 .Sa2(Cr03)3 .6H20. No 
prec ip i t a t i on occurs w i th p o t a s s i u m d i c h r o m a t e . H . T. S. B r i t t o n found t h a t 
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w i t h a n excess of po t a s s ium c h r o m a t e t h e compos i t ion of t h e yel low flocculent 
p rec ip i t a t e var ied wi th t h e compos i t ion of t h e p r e c i p i t a n t ; a c o m p l e x sa l t is p r o b a b l y 
formed. The appl ica t ion of t h e p h a s e ru le is r equ i r ed t o es tab l i sh t h e n a t u r e of 
t h e complex sal ts . I n general , t h e a d d i t i o n of a soln. of p o t a s s i u m c h r o m a t e t o a n 
aq . sal t soln. causes t h e p rec ip i t a t ion of (a) in t h e case of l a n t h a n u m , t h e s imple 
c h r o m a t e if t he excess of p r e c i p i t a n t is smal l , (b) p r a s e o d y m i u m , t h e s imple c h r o m a t e , 
(c) n e o d y m i u m , a m i x t u r e of s imple a n d basic c h r o m a t e s , (d) s a m a r i u m , a bas ic 
c h r o m a t e of indefinite composi t ion . H . T. S. B r i t t o n con t inued : T h e on ly n o r m a l 
ch romates which h a v e been found h i t h e r t o be long t o t h e ce r i t e -g roup , t h e bases of 
which a re bel ieved t o be a m o n g t h e s t ronges t of t h e r a r e e a r t h s . E v e n a m o n g t h e 
member s of th i s g r o u p t h e r e is a g r a d u a l l y increas ing t e n d e n c y t o form bas ic 
ch roma te s in t h e case of t h e weake r bases , n e o d y m i a a n d s a m a r i a . 

G. Kri iss a n d A. Loose, a n d W . M u t h m a n n a n d C. R . B o h m o b t a i n e d p r ec ip i t a t e s 
of terbium chromate , a n d of gado l in ium c h r o m a t e b y a d d i n g p o t a s s i u m c h r o m a t e 
t o soln. of t h e corresponding sal ts . P . B . Sa rde r o b t a i n e d t h e complex po tas s ium 
gadol in ium chromates , K 2 C r 0 4 . G d 2 ( C r 0 4 ) 3 . 7 H 2 0 , a n d 5K 2 CrO 4 . 2Gd 2 (CrO 4 ) 3 . 10H 2 O. 
G. J a n t s c h and A OhI p r e p a r e d dyspros ium chromate , Dy 2 (CrO 4 ) 3 . 10H 2 O, as a 
spar ing ly soluble p rec ip i t a t e , b y t h e i n t e r ac t i on of soln. of t h e n i t r a t e a n d of p o t a s ­
s ium c h r o m a t e . T h e greenish-yel low, c rys ta l l ine p o w d e r is soluble in w a t e r — a t 
25°, 100 c.c. of t h e soln. c o n t a i n 1O0O2 g rms . of sa l t . W h e n h e a t e d t o 150°, t h e 
c h r o m a t e loses 3-5 mols . of w a t e r ; a n d a t 150°, i t decomposes . N . J . Ber l in sa id 
t h a t a basic y t t r i u m c h r o m a t e is fo rmed w h e n a soln. of ch romic acid is s a t . w i t h 
y t t r i a . T h e brown soln. depos i t s a b r o w n p o w d e r . T h e sa l t w a s also o b t a i n e d 
b y O. P o p p , G. Kri iss a n d A. Loose, a n d W . M u t h m a n n a n d C. B . B o h m . J . F . J o h n 
observed t h a t a soln. of y t t r i u m c a r b o n a t e in aq . ch romic ac id depos i t s o range -
yellow crys ta ls , of y t tr ium c h r o m a t e , Y 2 ( C r O 4 V n H 2 O , easi ly soluble in w a t e r . 
N . J . Berl in said t h a t t h e s p o n t a n e o u s e v a p o r a t i o n of t h e soln. gives ye l lowish-brown 
del iquescent crys ta ls . P . T. Cleve o b t a i n e d po tas s ium yt tr ium c h r o m a t e , 
K 2 C r 0 4 . Y 2 ( C r 0 4 ) 3 . n H 2 0 , as a yellow, c rys ta l l ine powde r , b y t h e ac t i on of p o t a s s i u m 
d i c h r o m a t e on y t t r i u m c a r b o n a t e . G. Kr i i s s a n d A. Loose, a n d W . M u t h m a n n 
and C B . Bohm also prepared erbium chromate, and ytterbium chromate. 

According to S. M'. Godon de St . Men in , 2 1 w h e n a n aq . soln. of ch romic ac id m i x e d 
wi th h y d r a t e d silicic acid is evapo ra t ed , a reddish-yel low powder—si l i con c h r o m a t e — 
is formed, insoluble in wa te r , a n d is n o t decomposed a t a n e l eva t ed t e m p . I t is 
h ighly p robab le t h a t no c o m p o u n d is formed. G. A. Quesnevi l le , however , sa id 
t h a t v e r y l i t t le silicic acid is t a k e n u p b y t h e soln. , a n d t h a t all t h e ch romic ac id 
is r e m o v e d b y wash ing . M. Blondel found t h a t a cone . a q . soln. of ch romic acid 
dissolves t i t an i c acid in a m o u n t s depend ing on t h e c o n e , a n d t e m p , of t h e soln. , 
a n d on t h e p rev ious h i s to ry of t h e t i t an i c acid. W h e n a cone . soln. con t a in ing one 
p a r t of t i t an i c ox ide a n d 4 p a r t s of c h r o m i u m t r iox ide is d i lu t ed w i t h 8 p a r t s of 
w a t e r a t 50° or 6 p a r t s of w a t e r a t 100°, t i tan ium te troxychromate , 3 T i 0 2 . 2 C r 0 3 . H 2 0 , 
or T i 0 2 . 2 ( T i 0 ) C r 0 4 . H 2 0 , is p r ec ip i t a t ed ; w i t h 25 p a r t s of cold wa te r , or 8 p a r t s of 
w a t e r a t 100°, t i t an ium tr ioxychromate , T i 0 2 . ( T i 0 ) C r 0 4 . 2 H 2 0 , is p r o d u c e d ; whi le 
w i t h 50 p a r t s of cold w a t e r or 12 p a r t s of w a t e r a t 100°, t i t an ium pentoxychromate , 
2 T i 0 2 . ( T i 0 ) C r 0 4 . 3 H 2 0 , is formed. On a d d i n g a n eq. of a m m o n i a t o t h e s a m e 
cone . soln. of t h e t w o oxides , T i 0 2 . ( T i O ) C r 0 4 . 2 H 2 0 is p rec ip i t a t ed , a n d t h e 
e v a p o r a t i o n of t h e mothe r - l iquor in v a c u o yie lds hexagona l p r i sms of a m m o n i u m 
t i t a n i u m chromate , ( N H 4 ) 2 C r 0 4 . T i ( C r 0 4 ) 2 . H 2 0 . All th i s h a s n o t y e t been verified 
M. Weibu l l found t h a t z i r con ium c h r o m a t e is p r ec ip i t a t ed w h e n a z i r con ium sa l t 
soln. is t r e a t e d w i t h ch romic ac id or a d i c h r o m a t e . T h e flocculent, o range- red 
p r e c i p i t a t e is spar ing ly soluble in dil . ac ids ; a n d w h e n washed wi th w a t e r ch romic 
ac id passes i n t o soln. L . H a b e r sa id t h a t t h e compos i t ion of t h e p r ec ip i t a t e is 
indef ini te . F . P . Venable a n d L.. V. Giles, however , sa id t h a t a definite sa l t 
2 Z r O ( O H ) 2 . Z r O C r 0 4 . 8 H 2 0 , z irconyl te trahydroxychromate , is p r o d u c e d as a 
g r a n u l a r , ye l low p r e c i p i t a t e b y dissolving z i rconium h y d r o x i d e in a boi l ing soln. 
of c h r o m i c acid, d i lu t ing , a n d aga in boil ing t h e soln. T h e c o m p o u n d o b t a i n e d loses 
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a cons iderab le q u a n t i t y of i t s w a t e r a t 110°, b u t t h e whole of i t is los t on ly a t 200°. 
I t is sugges ted t h a t i t s f o r m a t i o n occurs a s follows : first, n o r m a l z i r con ium c h r o m a t e 
is fo rmed, w h i c h is i m m e d i a t e l y h y d r o l y z e d t o Z rOCrO 4 ; s o m e of t h e z i r con ium 
h y d r o x i d e is p a r t l y d e h y d r a t e d t o g ive Z r O ( O H ) 2 . These t w o s u b s t a n c e s t h e n 
c o m b i n e t o g ive t h e yel low insoluble bas ic sa l t . Accord ing t o P . K r i s h n a m u r t i 
a n d !B. B . Dey , t h e a d d i t i o n of a la rge excess of a sa t . soln. of p o t a s s i u m d i c h r o m a t e 
t o a cone . soln. of z i r con ium oxych lo r ide p r ec ip i t a t e s z i r con iu m o c t o h y d r o x y -
chxomate , Z r 3 ( O H ) 8 ( C r 0 4 ) 2 ; w i th a dil . soln . of t h e z i rconium sal t , z i r c o n i u m 
h e x a h y d r o x y c h r o m a t e , Z r 2 ( O H ) 6 C r O 4 , is f o rmed ; a n d w i t h v e r y dil . , boi l ing soln . 
of t h e oxych lor ide , a n d on ly a s l ight excess of d i c h r o m a t e , t h e p r o d u c t w a s h e d w i t h 
boi l ing w a t e r co r r e sponds w i t h z i r c o n i u m decahydroxychromate , Z r 3 (OH) 1 0 CrO 4 . 
S. H . C. Br iggs a d d e d a soln. of 7 g r m s . of c rys ta l l ine z i r c o n i u m n i t r a t e in 50 c.c. 
of w a t e r t o 10 g r m s . of p o t a s s i u m d i c h r o m a t e in 80 c.c. of w a t e r , af ter a d a y , t h e 
p r e c i p i t a t e w a s fil tered off, w a s h e d w i t h a l i t t le w a t e r , a n d d r i ed in v a c u o , 2-5 g r m s . 
of t h e d r i ed p o w d e r w a s h e a t e d in a sea led t u b e a t 190° for 3 J h r s . w i t h 6 g r m s . 
c h r o m i c t r iox ide , a n d 6 c.c. of w a t e r . T h e o range- red , h o m o g e n e o u s , insoluble , 
c rys ta l l ine p o w d e r h a d t h e compos i t i on of z i r c o n i u m h e x a c o s i o x y p e n t a c h r o m a t e , 
9 Z r 0 2 . 5 C r 0 3 . 1 2 H 2 0 , or 1 3 Z r 0 2 . 5 Z r ( C r 0 4 ) 2 . 2 4 H 2 0 . 

W . M u t h m a n n a n d E . B a u r 2 2 f ound t h a t if a soln. of p o t a s s i u m c h r o m a t e is 
d r o p p e d careful ly i n t o a boi l ing soln. of c o m m e r c i a l t h o r i u m n i t r a t e , first t h o r i u m 
will be p r e c i p i t a t e d comple t e ly a s c h r o m a t e a n d a f t e r w a r d s s o m e r a r e e a r t h s beg in 
t o a p p e a r , i n d i c a t e d b y a c h a n g e in co lour of t h e p r e c i p i t a t e . T h i s is t h e pr inc ip le 
of E . B a u r ' s m e t h o d of s e p a r a t i n g t h e r a r e ea r th s—v ide supra. C. P a l m e r o b t a i n e d 
t h o r i u m c h r o m a t e , Th (CrO 4 J 2 .H 2 O, b y a l lowing a soln. of f reshly p r e c i p i t a t e d 
t h o r i u m h y d r o x i d e in aq . c h r o m i c ac id t o s t a n d for s o m e t i m e , o r b y m i x i n g boi l ing 
soln. of a mo l of t h o r i u m n i t r a t e a n d 2 mol s of p o t a s s i u m d i c h r o m a t e . T h e mono-
hydrate a p p e a r s a s a n o range- red , c rys t a l l i ne p o w d e r . H e also p r e p a r e d t h e 
trihydrate b y e v a p o r a t i n g in v a c u o a soln. of f reshly p r e c i p i t a t e d t h o r i u m h y d r o x i d e 
in a cold soln. of c h r o m i c ac id . L . H a b e r p r e p a r e d i t a s a n orange-yel low, c rys t a l ­
l ine p o w d e r b y boi l ing t h o r i u m n i t r a t e for some t i m e w i t h a q . c h r o m i c acid , or 
b e t t e r -with s o d i u m or p o t a s s i u m d i c h r o m a t e . U n d e r s imi lar cond i t i ons n o p re ­
c i p i t a t e is f o rmed w i t h ce r ium, l a n t h a n u m , or d i d y m i u m sa l t s . J . J . Berzel ius 
sa id t h a t t h e p r e c i p i t a t e d t h o r i u m c h r o m a t e dissolves in a n excess of ch romic 
ac id . T h e orange-yel low, r h o m b i c p l a t e s lose t h e i r w a t e r of c rys t a l l i za t ion a t 
180° ; a n d t h e y dissolve in m o d e r a t e l y cone , m i n e r a l ac ids . J . C h y d e n i u s o b t a i n e d 
ye l low c rys t a l s of t h e octohydrate b y e v a p o r a t i n g over s u l p h u r i c ac id a soln. of 
t h o r i u m h y d r o x i d e i n a q . ch romic acid, o r a n a q . soln. of t h o r i u m chlor ide a n d 
ch romic ac id . T h e sa l t loses i t s c o m b i n e d w a t e r a t 100°, a n d t h e aq . soln. does n o t 
b e c o m e t u r b i d w h e n boi led. C. P a l m e r a lso o b t a i n e d t h o r i u m d ihydroxychromate , 
T h ( O H ) 2 C r O 4 , b y m i x i n g a soln. of a m o l of t h o r i u m n i t r a t e a n d one of 3 mols of 
p o t a s s i u m c h r o m a t e ; t h e p r e c i p i t a t e first f o r m e d dissolves . T h e soln. furnishes 
golden-yel low c rys t a l s of t h e bas ic sa l t . Acco rd ing t o H . T . S. B r i t t o n , if t h o r i u m 
h y d r o x i d e is s u s p e n d e d in a dil . soln. of c h r o m i c acid , i t will b e c o n v e r t e d g r a d u a l l y 
i n t o t h e n o r m a l c h r o m a t e , t h e c h a n g e occur r ing m o r e r a p i d l y on boi l ing. N o bas ic 
s a l t of defini te compos i t i on h a s b e e n found . T h e compos i t i on var ies , g r a d u a l l y 
a p p r o a c h i n g t h a t of t h e n o r m a l c h r o m a t e , b u t t h e convers ion is comple t e on ly 
a f te r long boi l ing. Crys ta l s m a y a p p e a r t o b e s l igh t ly bas ic owing t o t h e adsorx>tion 
of n o r m a l c h r o m a t e . T h e so-cal led bas ic t h o r i u m c h r o m a t e s a r e rea l ly m i x t u r e s 
of t h o r i u m h y d r o x i d e a n d t h o r i u m c h r o m a t e . I n o t h e r words , t hese basic c h r o m a t e s 
m a y b e r e g a r d e d a s so-cal led a d s o r p t i o n c o m p o u n d s , or, t a k i n g i n t o a c c o u n t t h e 
s l ight so lub i l i ty of t h e n o r m a l t h o r i u m c h r o m a t e , a s h a v i n g b e e n p r o d u c e d b y t h e 
s i m u l t a n e o u s p r e c i p i t a t i o n of b o t h t h e h y d r o x i d e a n d t h e c h r o m a t e . T h e basic 
c h r o m a t e of C. P a l m e r is a specia l case of such a m i x t u r e . W h e n soln. of t h o r i u m 
sal ts , t o w h i c h p o t a s s i u m c h r o m a t e h a s been a d d e d in q u a n t i t i e s insufficient t o 
give a p e r m a n e n t p r e c i p i t a t e owing t o t h e ac id l i be r a t ed b y hydro lys i s , a r e a l lowed 
t o s t a n d a t r o o m t e m p . , if t h e cone , is sufficiently g rea t , c rys t a l s of t h o r i u m c h r o m a t e 

V O L . x i . u 
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t r i h y d r a t e will be depos i ted slowly ; b u t depos i t ion occurs a l m o s t i m m e d i a t e l y 
f rom t h e boiling soln. T h e solubi l i ty of t h o r i u m c h r o m a t e in soln. of ch romic ac id 
a t 25°, w h e n t h e composi t ion is r e p r e s e n t e d in pe r cen t ages b y weigh t , is a s follows : 

C r O , 
T h O a 

0-033 
O 044 

1 3 0 9 
6-52 

39-49 
24-22 

40-23 
23-04 

52-60 
7-91 

61-38 
17-65 

61-84 
6-27 

62-78 
O 

Th(CrO 4 VSM 2 O Th(Cr0 4 ) 2 .Cr0 8 .3H: 2 0 C r O . 

r/?oP 

X 

CrO9 fyO 
F i a . 54 . E q u i l i b r i u m D i a g r a m of t h e 

S y s t e m : T h O 2 - C r O 3 - H 2 O a t 25° . 

The resul t s a re p l o t t e d in F i g . 54 . T h e c o m p o u n d t h o r i u m c h r o m a t o b i s -
c h r o m a t e , T h ( C r O 4 J 2 . C r 0 3 . 3 H 2 0 , is b e t t e r r e p r e s e n t e d b y th i s fo rmula t h a n b y 

T h ( C r 2 0 7 ) ( C r 0 4 ) . 3 H 2 0 , because i t c a n ex i s t 
in equ i l ib r ium on ly w i t h h igh ly cone . soln. 
of ch romic ac id . I t is d e c o m p o s e d b y 
w a t e r . 

Accord ing t o J* J . Berze l ius , 2 3 w h e n 
s t a n n o u s ch lor ide is a d d e d t o a n excess 
of a soln. of p o t a s s i u m c h r o m a t e , a n d t h e 
l iqu id a g i t a t e d , yel low, c u r d y flocks of 
Stannous c h r o m a t e a re p r e c i p i t a t e d ; b u t 
if t o a soln. of s t a n n o u s chlor ide a di l . 
soln . of p o t a s s i u m c h r o m a t e be a d d e d in 
smal l p o r t i o n s a t a t i m e , w i t h c o n s t a n t 
a g i t a t i o n , a greenish p r e c i p i t a t e of chromic 
stannale is fo rmed . If t h e soln. of t h e 
t in - sa l t con t a in s free acid, n o p r e c i p i t a t e 
is formed, a n d t h e soln. is g reen . 
P . Grouvel le o b t a i n e d a s imi lar r e su l t . 

Accord ing t o J . J . Berzel ius , s t a n n i c chlor ide soln. , n o t con t a in ing free acid , gives 
a yellow p rec ip i t a t e of s tannic c h r o m a t e , w h e n t r e a t e d w i t h p o t a s s i u m c h r o m a t e . 
The s u p e r n a t a n t l iquor acqu i res a n orange-ye l low colour in consequence of t h e 
l ibera t ion of ch romic acid. T h e d r i ed p r e c i p i t a t e is b rownish-ye l low, a n d w h e n 
igni ted forms viole t chromic stannate. T. L e y k a u f sa id t h a t if s t a n n i c c h r o m a t e 
be h e a t e d t o b r i g h t redness , a v iole t m a s s is o b t a i n e d wh ich c o m m u n i c a t e s t o 
p o t t e r y glazes colours r a n g i n g f rom rose-red t o viole t . F . J . Ma lagu t i s t u d i e d 
t h e mineral lac, o r laque minerale, o b t a i n e d b y ign i t ing 50 p a r t s of s t a n n i c ox ide 
wi th one p a r t of ch romic oxide . The p i n k or c r imson colour deve lops m o r e easi ly 
if calcium c a r b o n a t e is a c o n s t i t u e n t of t h e ign i t ed m i x t u r e . This is essent ia l ly t h e 
chrome-tin pink p o t t e r y colour . T h e p i n k co lo ra t ion is p r o b a b l y t h e co lour of 
h ighly dispersed ch romic oxide , a n d t h e s t a n n i c ox ide a c t s a s a m o r d a n t . O t h e r 
ine r t oxides can be used , b u t s t a n n i c ox ide res is ts a t t a c k b y t h e p o t t e r y g laze— 
vide supra, chromic ox ide . Th i s s u b j e c t w a s s t u d i e d b y H . Ste in , G. S t e i n b r e c h t , 
C. L a u t h a n d G. Du ta i l l y , -H. A. Seyer , A. S. W a t t s , R . C. P u r d y a n d co-workers , 
F . K h e a d , W . A. Hal l , a n d W . A . JLethbridge. 

T h e minera l descr ibed b y M. W , Lomonosoff , 2 4 J . G. L e h m a n n , a n d P .*S. Pa l l a s 
a s nora minera plumbi ; b y J . G. Wal le r ius , a s minera plumbi rubra ; b y A . G. W e r n e r , 
a s Rothes Bleierz ; a n d L,. C. H , M a c q u a r t , a s plomb rouge, w a s found b y 
L . N . Yauquel in , in 1757, t o c o n t a i n a n e w e l e m e n t in t h e fo rm of c h r o m a t e so t h a t 
R . J . H a t t y called i t plomb chromate. J . F . L . H a u s m a n n p r o p o s e d t h e n a m e kallo-
chrom ; W . H . Miller, lehmannite ; F . S. B e u d a n t , crocoise—from KpoKos, saffron ; 
F . v o n Kobe l l , crocoisite ; a n d A. B r e i t h a u p t , crocoi te (Krokoit), w h i c h w a s af ter­
w a r d s a d o p t e d b y F . v o n Kobe l l a n d o the r s . Ana lyses of t h e mine ra l b y C. H . Pfaff,25 
J . J . Berze l ius , C. B a r w a l d , a n d A. Livers idge ; a n d of art if icial p r e p a r a t i o n s b y 
J J . Berze l ius , H . Go lb lum a n d G. Stoffella, M. Groger , A . J . Cox, N . S. Manross , 
Li. Bourgeo is , M. L a c h a u d a n d C. Lep ie r re , a n d C. L u d e k i n g , agree t h a t t h e p r o d u c t 
is lead chromate, PbCrO4. 

\L. N . Vauque l in , a n d J . J . Berze l ius o b t a i n e d n o r m a l l ead c h r o m a t e b y prec ip i -
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tat ion from a soln. of lead nitrate or acetate b y the addit ion of potass ium chromate 
or dichromate. The precipitate is yellow, and, according to E . F. Anthon, the 
colour is paler when precipitated from cold soln. than from hot soln. , since the 
former is more or less hydra ted ; while L. N . Vauquelin said tha t a trace of potas ­
s ium chromate in the precipitate darkens the colour. C. O. Weber, and M. Dul lo 
discussed the effect of an excess of lead—vide infra. L. Dede and P. B o n i n said that 
the precipitation is incomplete in acetic acid soln. if much chloride be present. 
Z. Karaoglanoff and B . SagortschefT found tha t wi th lead chloride as the soluble 
lead salt, some Pb2Cl2(CrO4) is formed. The above mode of preparation, using the 
potass ium or sodium chromates or chromic acid as precipitants, and soln. of vary ing 
degrees of concentration, were used b y T. Gobel, F . Gr. Kidd, P. Jannasch, H. Golblum 
and G. Stoffella, J. Milbauer and K. Kohn , M. Fraudel , J. G. Gentele, E . Guignet, 
F . Rose , A. J. Cox, F . Auerbach and H. Pick, O. Meyer, M. Groger, P . Breteau and 
P. Fleury, A. de Schulten, and G. Zerr and G. Ri ibencamp. J. Massignon and 
E . Wate l obtained lead chromate b y the act ion of soln. of lead salts on calcium 
chromate. G. N . Rid ley showed t h a t the precipitate formed on mixing aq. soln. 
of lead acetate and potass ium dichromate is finer grained when the soln. are more 
dilute ; but t emp, has l itt le influence on the fineness of grain. Precipitated lead 
chromate is amorphous. M. Lachaud and C. Lepierre found t h a t the amorphous 
chromate is readily crystall ized b y boiling, say, 5 grms. wi th a soln. of 20 grins, of 
chromic acid in 70 grms. of water ; L. Bourgeois boiled the precipitated chromate 
wi th dil. nitric acid (1 : 5 or 6), filtered the hot decanted l iquid through glass-wool, 
and al lowed i t to cool s lowly ; he also obtained well-defined crystals b y heating 
the chromate in a sealed tube at 150°. C. Liiideking, and G. Cesaro al lowed a soln. 
of lead chromate in potash- lye to s tand exposed to the air. G. N . Rid ley found 
tha t in alcoholic soln., precipitation is s low ; and that the addit ion of an alcoholic 
soln. of potass ium dichromate t o a glycerol soln. of lead acetate produces only a 
sl ight turbid i ty—but precipitation occurs when water is added. N o precipitation 
occurs in carbon disulphide soln. 

Lead chromate was prepared b y J. v o n Liebig, B . Legg, E . F . Anthon, M. Riot 
and B. Declisse, A. Scheurer, H. Hether ington and W. A. Allsebrook, and C O . Weber 
b y the act ion of soln. of the alkali chroma tes on lead sulphate. J. A. Atanasiu 
found that the electrometric t i trat ion of soln. of lead nitrate and potass ium chromate 
gives a curve with a break corresponding wi th normal lead chromate. J. Milbauer 

Co/?ce/7Cr&£/o/? Zf^SO4 

Fia. 55.—Isothermal Diagram for the 
System: PbSO4 + K 2 CrO 4 ^K 2 SO 4 
-4-PbCrO1. 

Co/?ce/7tr<2t/0f7 /C2CO3 

Fia. 56. Isothermal Diagram for the 
System: PbC03 + K 2 C r 0 4 ^ K 2 C 0 3 
+ PbCrO4. 

and K, K o h n observed tha t the reaction : P b S O 4 + K 2 C r O 4 ^ K 2 S O 4 + P b C r O 4 
progresses from left to right rapidly, and from right to left, s lowly. The velocities 
of the reactions increase wi th t emp. The equilibrium constant JST=[K 2 Cr0 4 ] / [K 2 S0 4 ] 
is 0-000277 a t 20° ; 0 0 0 0 3 6 5 a t 40° ; 0-000440 a t 70° ; and 0-000505 at 98-5°. ISTo 
evidence of the formation of double salts was observed. The isothermal diagram 
has the form shown in Fig. 55, where A represents the solubility of potassium 
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chromate ; and Z>, that of potassium sulphate. The regions of stability of the 
solid phases PbCrO4, and PbSO4 are shaded in the diagram. The curve AB repre­
sents a system in equilibrium with the four phases—PbCrO4, K2CrO4, soln. and 
vapour ; BC, a system in equilibrium with the four phases PbCrO4, K2SO4, soln. 
and vapour ; and CD9 a system with the four phases PbSO4, K2SO4, soln. and 
vapour in equilibrium. The four salts cannot exist side by side in the presence 
of their sat. soln. as the system would be invariant—1. 9, 5. At the point C there 
are six phases, PbCrO4, K2CrO4, K2SO4, PbSO4, soln. and vapour, in equilibrium. 
Adsorption is very marked at the low temp, and high concentration. It is inferred 
that the manufacture of chrome-yellow can be carried out from lead sulphate, and 
that various shades can be obtained by varying the conditions, temp., cone, and 
time. In the manufacture, an excess of lead acetate should be used, to secure the 
absence of adsorbed potassium chromate in the product, otherwise this chromate 
would rapidly convert the lead sulphate which is necessary for the particular shade, 
into lead chromate, and so the shade would be changed. J. G. Gentele's theory 
which explains the stability of chrome-yellow by the existence of a lead sulphato-
chromate is unlikely, since the present experiments make the existence of these 
double salts extremely doubtful. 

F. Kuhlmann, C. O. Weber, and A. Winterfeld obtained lead chromate by the 
action of potassium chromate or dichromate on white-lead, or lead carbonate. 
H. Golblum and G. Stoffella studied the system : PbCO3+K2CrO4^PbCrO4 

-+-K2CO3. The product nearly always contains a 
. little lead carbonate. The isothermal diagram 
\ /3SCO3 shown in Fig. 56, is analogous to that for the 
X system indicated in the preceding diagram, Fig. 55. 

X c PsbCrO* + PdCO3 The mixture on the right of the equation PbCO3 

A +K2CrO4^PbCrO4+K2CO3, is more stable than 
/AhC o that on the left. The equilibrium constant, 

/ \ r * iiL= [K2CO3]/[K2CrO4], decreases with dilution on 
\i account of the disturbing effect of ionization. 
' Pb(MO) - ^ 0 corr*pound or solid soln. of potassium chromate 

„ ,__ __. A , _ . _ 3J. and lead chromate is formed, but the solubility of 
*™i j J ^ C t £ £ J £ r ^ t c £ . Potassium carbonate decreases as the amount of 

bonate. lead carbonate in the solid residue and in soln. 
increases. A double compound of K2CO3.PbCO3 

appears to exist. The constant K at 25° is 5-46, and at 40°, 3-405. The thermal 
value of the reaction : PbCO3+K2CrO4=PbCrO4+K2CO3 is 5-822 CaIs. If the 
equilibrium constant, K9 Fig. 57, be represented by K=Oa, and the soln. of lead 
nitrate be added to a mixed soln. of potassium carbonate and chromate, when 
the ratio of CO3 | CrO4 is greater than Oa9 lead carbonate alone will be precipitated 
until the ratio of the constituents remaining in soln. is equal to Oa ; and con­
versely if the ratio be less than Oa9 lead chromate alone will be precipitated. If 
the ratio be equal to Oa9 and more than Ob of lead nitrate be added, a mixture of 
lead carbonate and chromate will be precipitated. On adding lead nitrate soln. 
to a mixed soln. of potassium chromate and carbonate, the precipitation of lead 
chromate or carbonate does not take place in such a way as to produce the pre­
determined ratio in the dissolved potassium salts. Whilst the interaction of lead 
carbonate and potassium chromate proceeds smoothly to an equilibrium, the 
interaction of lead chromate and potassium carbonate presents periodic phenomena. 
The curve representing the amount of potassium chromate formed oscillates with 
decreasing amplitude until the equilibrium is finally attained. This is attributed 
to the formation of a basic chromocarbonate of lead. On boiling lead chromate 
in potassium carbonate soln., a rhombic, ruby-red, crystalline solid is obtained 
with the composition : 3Pb0.2Cr03.2PbCO3. O. Ruff and E. Ascher studied the 
joint precipitation of lead and barium chromates ; and lead sulphate and 
chromate ; and O. Buff, the X-radiograms. 
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N . S. Manros s o b t a i n e d c ry s t a l s of l ead c h r o m a t e b y m e l t i n g l ead ch lor ide w i th 
p o t a s s i u m c h r o m a t e , a n d leach ing o u t t h e l ead chlor ide , w i t h boi l ing w a t e r . 
Li. Bourgeo i s sa id t h a t t h e y ie ld is smal l because of t h e f o r m a t i o n of t h e c o m p l e x 
sa l t , P b C l 2 - P b C r O 4 . A b e t t e r r e su l t is o b t a i n e d b y us ing p o t a s s i u m d i c h r o m a t e , b u t 
e v e n t h e n t h e r e s u l t is n o t sa t i s fac to ry . B . Red l i ch t r e a t e d l ead h y d r o x i d e w i t h 
a soln. of s o d i u m c h r o m a t e o r d i c h r o m a t e . T h e t i n t of t h e p r o d u c t is inf luenced 
b y t h e p re sence of ace t ic ac id , s o d i u m s u l p h a t e , e t c . F . A u e r b e c h a n d H . P i c k 
o b t a i n e d l ead c h r o m a t e b y t r e a t i n g bas ic l ead c h r o m a t e w i t h a di l . a q . soln. of 
s o d i u m h y d r o c a r b o n a t e a n d c h r o m a t e ; a n d M. Groger , b y t h e ac t ion of w a t e r 
o n p o t a s s i u m lead c h r o m a t e . D . G. F i t z g e r a l d a n d R . C. Molloy r o a s t e d c h r o m i c 
oxide or c h r o m i t e w i t h l ead ox ide ; a n d J . Mi lbaue r sa id t h a t t h e r e is a 100 pe r 
cen t , convers ion t o c h r o m a t e w h e n a m i x t u r e of c h r o m i c ox ide a n d lead ox ide or 
c a r b o n a t e is h e a t e d t o 480° in o x y g e n a t 12 a t m . p res s . Gr. Chance l o b t a i n e d l ead 
c h r o m a t e b y w a r m i n g a soln. of c h r o m i c ox ide in a lka l i - lye w i t h l ead d ioxide , a n d 
t r e a t i n g t h e f i l t ra te w i t h ace t ic ac id . H . Voh l h e a t e d l ead n i t r a t e a n d ch romic 
ox ide in a crucible ; a n d K . T o a b e t r e a t e d l ead w i t h a soln. of c h r o m i c a n d n i t r i c 
ac ids a t 60° t o 140°. A . C. B e c q u e r e l o b t a i n e d c r y s t a l s of t h e sa l t b y p lac ing a 
P b - P t - c o u p l e in a soln. of c h r o m i c ch lor ide in a sea led t u b e . 

C. L i i ckow p r e p a r e d l ead c h r o m a t e b y a n e lec t ro ly t i c p rocess . T h e e lec t rodes 
a r e fo rmed of soft l ead a n d t h e e l ec t ro ly te is c o m p o s e d of a 0-3 t o 3*0 p e r cen t . soln. 
of s o d i u m ch lo ra t e (pe rch lo ra te , n i t r a t e , or a c e t a t e ) 80 p a r t s a n d s o d i u m c h r o m a t e 
20 p a r t s . T h e c u r r e n t d e n s i t y w a s 0-5 a m p . p e r sq . d m . T h e co lour of t h e depos i t 
va r i e s w i t h t h e n a t u r e of t h e soln. , be ing ye l low in a n ac id ic soln. , a n d inc l in ing t o 
r e d in a n a lka l ine soln. ; e lec t rodes a b o u t 10 t o 20 m m . a p a r t , a n d 1-5 t o 1-6 vo l t s 
a r e n e e d e d for w e a k l y ac id soln. ; a b o u t 1*7 v o l t s for n e u t r a l soln. , a n d 2 v o l t s for 
w e a k l y a lka l ine soln. M. Ie B l a n c a n d E . B indsched l e r found t h a t i n t h e e lectrolysis 
of soln. of s o d i u m c h l o r a t e a n d c h r o m a t e , c o n t a i n i n g 1-5 t o 12 p e r cen t , of s a l t — 
of w h i c h 70 t o 90 p e r cen t , is c h l o r a t e — b y m e a n s of a l e ad a n o d e , l ead c h r o m a t e 
is f o r m e d n e a r t h e a n o d e , s e p a r a t i n g f rom i t b y i t s o w n we igh t , w h e r e a s in soln. 
c o n t a i n i n g a large p r o p o r t i o n of c h r o m a t e a n a d h e r e n t l aye r of c h r o m a t e a n d lead 
d iox ide forms o n t h e a n o d e . T h e y ie ld of l ead c h r o m a t e is t heo re t i c a l in t h e first 
case , p r ac t i c a l l y zero in t h e l a t t e r . S o d i u m n i t r a t e , a c e t a t e , o r b u t y r a t e give 
p rac t i ca l l y t h e s a m e re su l t a s ch lo ra t e . W i t h t h e m i x e d e lec t ro ly te , t h e c u r r e n t is 
m a i n l y t r a n s p o r t e d b y 0 0 ' 3 - i o n s , t h e c h r o m a t e ions a r e the re fo re soon r e m o v e d 
a l m o s t c o m p l e t e l y f rom t h e e l ec t ro ly te i n c o n t a c t w i t h t h e a n o d e , a n d t h e prec ip i ­
t a t i o n of l ead c h r o m a t e t a k e s p lace a t s o m e sma l l d i s t a n c e f rom i t . W i t h a m o r e 
cone , c h r o m a t e soln. , t h i s is n o t t h e case . K . E l b s a n d R . N u b l i n g f o u n d t h a t in 
t h e e lect rolys is of v e r y di l . soln. of c h r o m i c ac id w i t h l ead Electrodes, l ead c h r o m a t e 
a lone is o b t a i n e d ; w i t h m o r e cone . s o l n . — u p t o 40 o r 50 p e r c e n t . — t h e r e is 
ev idence of t h e f o r m a t i o n a t t h e a n o d e of p lumbic c h r o m a t e , P b ( C r 0 4 ) 2 , o r of a 
m i x t u r e of l ead c h r o m a t e a n d d iox ide ; a n d w i t h v e r y cone . so ln .—130 g r m s . of 
C rO 8 p e r 100 c .c .—a soln. is o b t a i n e d w h i c h evo lves o x y g e n w h e n k e p t a n d depos i t s 
l ead d i c h r o m a t e . T h e q u a n t i t y of o x y g e n evo lved is in a g r e e m e n t w i t h P b ( C r 2 O 7 ) 2 
= = P b C r 2 0 7 - f - 2 C r 0 3 + 0 . Acco rd ing t o G. J u s t , t h e p o t e n t i a l difference b e t w e e n 
a l e ad a n o d e a n d a soln. c o n t a i n i n g b i v a l e n t l e ad ions d e p e n d s v e r y m u c h on t h e 
anod i c c u r r e n t d e n s i t y ( p r o b a b l y owing t o local i nc rease of t h e cone , of t h e l ead 
ions) so t h a t a t h i g h c u r r e n t dens i t i es i t m a y r ise t o t h e n o r m a l va lue for l ead 
d iox ide . W h e n t h i s is t h e case* l ead d iox ide is, of course , f o r m e d on t h e anode . 
B . H u i c k e lec t ro lyzed a 1-5 p e r c e n t . so ln . of a m i x t u r e of s o d i u m c h l o r a t e (95 p a r t s ) 
a n d s o d i u m d i c h r o m a t e (5 p a r t s ) for l e ad c h r o m a t e . 

A s p o i n t e d o u t b y E . E . F r e e , b y us ing v e r y d i l . soln . of l e ad n i t r a t e a n d p o t a s ­
s i u m c h r o m a t e — s a y M- t o ^M-soln.—yellow col lo idal so lut ions a r e o b t a i n e d 
wh ich a r e s t a b l e for some d a y s ; a n d , if g lue b e p r e sen t , t h e soln. a r e s t ab l e for m a n y 
m o n t h s . J . Mi lbaue r a n d K . K o h n a lso f o u n d t h a t i n t h e p resence of ace t ic acid, 
o r w h e n boi led, t h e col loidal l e ad c h r o m a t e is f locculated. F . W . O. de Coninck 
o b s e r v e d t h a t w h e n c rys t a l l ine l ead c h r o m a t e is boi led for one-half t o one h o u r 
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w i t h a v e r y cone . soln. of p u r e p o t a s s i u m n i t r a t e a n d i m m e d i a t e l y fi l tered, t h e 
n i t r a t e exh ib i t s a we l l -marked red fluorescence a n d con ta in s l ead c h r o m a t e . If, 
however , t h e f i l t ra te af ter some m o m e n t s is refiltered, t h e filter r e t a i n s t h e l ead 
c h r o m a t e , and t h e second f i l t ra te is colourless . S o d i u m n i t r a t e b e h a v e s s imi lar ly , 
b u t m u c h m o r e slowly. I t is t h u s infer red t h a t t h e l ead c h r o m a t e is r e n d e r e d 
colloidal b y t h e n i t r a t e soln. b u t t h a t t h e colloidal form re -po lymer izes v e r y r a p i d l y . 
W . luenze o b t a i n e d colloidal soln. b y mix ing 25 g r m s . of a 10 p e r c e n t . soln. of s o d i u m 
p r o t a l b i n a t e (or l y sa lb ina te ) w i t h 15 g r m s . of a 20 pe r cen t . soln. of l e ad a c e t a t e , 
a n d t r e a t i n g a soln. of t h e p r e c i p i t a t e in soda- lye w i t h a cone. soln. of p o t a s s i u m 
c h r o m a t e , a n d a d d i n g e n o u g h ace t ic ac id t o p r e v e n t p rec ip i t a t ion . T h e soln. w a s 
d ia lyzed . I t is greenish-yel low in reflected l ight , a n d b r o w n , in t r a n s m i t t e d l igh t . 
J . N . Mukher j ee a n d H . L . R a y s tud i ed t h e a d s o r p t i o n of sa l t s b y p r e c i p i t a t e d l ead 
c h r o m a t e . 

A. D r e v e r m a n n o b t a i n e d crys ta l l ine lead c h r o m a t e b y t h e v e r y g r a d u a l diffusion 
of v e r y dil . soln. of p o t a s s i u m c h r o m a t e a n d l ead n i t r a t e i n t o w a t e r . T h e solids 
were p l aced in s e p a r a t e cy l inders , p laced in a wide d ish , a n d t h e d ish filled w i t h w a t e r 
a b o v e t h e t o p s of t h e cy l inders . If air is p resen t , some bas ic sa l t m a y be prec i ­
p i t a t e d . L . Bourgeois said t h a t besides t h e c rys ta l l ine c h r o m a t e some a m o r p h o u s 
bas i c c h r o m a t e m a y b e p rec ip i t a t ed . H . Vohl also o b t a i n e d t h e c rys t a l s b y a l lowing 
soln . of a lead sa l t a n d a c h r o m a t e t o diffuse i n t o each o t h e r t h r o u g h a p o r o u s 
d i a p h r a g m . E . H a t s c h e k s tud i ed t h e r h y t h m i c precipitat ion of l ead c h r o m a t e . 
A smal l q u a n t i t y of 0-5 per cen t . soln. of p o t a s s i u m d i c h r o m a t e is i n t r o d u c e d i n t o 
a t u b e con ta in ing a one per cent , aga r - aga r jel ly c o n t a i n i n g 0-1 p e r cen t , of lead 
a c e t a t e . T h e diffusion of t h e soln. i n to t h e jel ly is a c c o m p a n i e d b y t h e f o r m a t i o n 
of a s t ra t i f ied sy s t em. If a second smal l q u a n t i t y of d i c h r o m a t e is a d d e d w h e n t h e 
first h a s comple te ly d i sappea red , i t is found t h a t t h e diffusion of t h e n e w l y - a d d e d 
d i c h r o m a t e gives rise t o a second s y s t e m of s t r a t a , in which t h e successive b a n d s 
a r e m u c h b r o a d e r t h a n those in t h e first s y s t e m . T h e fact t h a t t w o different 
s y s t e m s c a n b e o b t a i n e d in t h e s ame jelly is cons idered t o be i r reconci lable w i t h t h e 
s u p e r s a t u r a t i o n t h e o r y which h a s been a d v a n c e d t o a c c o u n t for t h e f o r m a t i o n of 
t h e s e s t ra t i f ied s y s t e m s . The subjec t w a s i nves t i ga t ed b y R . E . I j iesegang, 
E . R . Riegel a n d L . Widgoff, S. C. Brad fo rd , E . H a t s c h e k , P . B . G a n g u l y , 
V. M o r a v e k , A. C. Cha t t e r j i a n d N . R . D h a r , D . N . Ghosh , a n d K. A n d o . 

T h e m i n e r a l crocoi te occurs c rys ta l l ine , a n d in imper fec t ly c o l u m n a r or g r a n u l a r 
masse s co loured va r ious s h a d e s of b r i g h t h y a c i n t h - r e d , or o range- red . T h e c rys ta l s 
a re feebly p leochroic . T h e co lour of t h e artificial c rys ta l s is also orange- red . W h e n 
t h e c rys t a l s a re finely p o w d e r e d , t h e colour is yel low, l ike t h a t of t h e p r e c i p i t a t e d 
c r y p t o c r y s t a l l i n e or a r n o r p h o u s p o w d e r . N o r m a l lead c h r o m a t e , p r e p a r e d b y 
p rec ip i t a t i on , is a c lear ye l low a n d i t s use as a p i g m e n t exp la ins w h y so m a n y 
i n v e s t i g a t i o n s h a v e b e e n m a d e on processes of m a n u f a c t u r e w i t h t h e ob jec t of 
inc reas ing t h e p u r i t y a n d c l a r i t y of t h e colour of chrome-yellow—light, m e d i u m , 
a n d d a r k . S o m e of t h e s e t e r m s a re also app l i ed t o o the r c h r o m a t e yel lows, jaune 
de chrome, giallo di cromo, amarillo de cromo, or Chromgelb—light, m e d i u m , a n d d a r k . 
I t a lso h a s t h e t r a d e - n a m e s Paris yellow, King's yellow, a t e r m also app l i ed t o 
o r p i m e n t . T h e pa le r t ints-— lemon-chrome, a n d citron-chrome—are p r o d u c e d b y 
m i x i n g l e ad c h r o m a t e w i t h l ead s u l p h a t e . B y increas ing t h e bas ic i ty of t h e 
c h r o m a t e t h e co lour is deepened , a n d r e d d e n e d ; so t h a t a n u n b r o k e n series of 
co lours c a n be o b t a i n e d v a r y i n g f rom t h e p u r e yel low of t h e n o r m a l c h r o m a t e t o 
t h e d e e p o range - r ed of t h e bas ic salt—^orange-chrome, chrome-red, wh ich also h a s 
t h e t r a d e - n a m e s chrome-cinnabar, chrome-garnet, chrome-ruby, Austrian red, Vienna 
red, Derby red, American Vermilion, rouge de Perse, e t c . T h e v a r i a t i o n s of co lour 
a m o n g different s a m p l e s of t h e s a m e c o m p o u n d m a y be g r e a t e r t h a n w i t h different 
c o m p o u n d s . T h e v a r i a t i o n in co lour m a y b e d u e t o differences in t h e bas ic i ty , 
h y d r a t i o n , a v e r a g e grain-s ize , e t c . ; a n d i t is cond i t i oned b y t h e t e m p . , a n d cone , 
of t h e soln. , b y t h e t i m e occupied in t h e p r e c i p i t a t i o n ; a n d b y t h e n a t u r e of t h e 
soln . w h i c h in t u r n a S e c t s t h e sa l t s ' adsorbed b y t h e p r e c i p i t a t e d c h r o m a t e . T h e 
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s u b j e c t w a s d iscussed b y J . Mi lbaue r a n d K . K o h n , L . Bock , C O . W e b e r , 
K . J a b l c z y n s k y , J . W . B a i n , F . Rose , G. Zerr , G. Zer r a n d G. R i i b e n c a m p , 
E . Gu igne t , J . G. Gente le , a n d J . Be r sch . E . E . F r e e sa id t h a t for c lear yel low 
colours , t h e f o r m a t i o n of bas ic sa l t s m u s t b e avo ided . T h e p re sence of a s l ight 
t r a c e of a lkal i , o r a h ighe r t e m p , t h a n usua l , m a y cause a d a r k e n i n g of t h e yel low 
colour . Th i s d a r k e n i n g is p r o d u c e d b y a n u m b e r of un recogn ized causes , b u t 
P . Grouve l le , a n d M. Du l lo cons ide red t h a t in m a n y cases t h e a l t e r a t i o n of t h e 
co lour is a v is ible sign t h a t t h e n o r m a l c h r o m a t e h a s u n d e r g o n e a p a r t i a l c h a n g e 
t o t h e bas ic cond i t ion , p r o d u c e d b y t h e p resence of a lkal i . Th i s is conf i rmed b y 
t h e f a c t — o b s e r v e d b y S. M. G o d o n de S t . Menin , L . N . Vauque l in , C. O. Weber , a n d 
H . W . H o f m a n n — t h a t t h e p resence of sma l l a m o u n t s of free acid in t h e soln. 
lessens t h e t e n d e n c y for t h e co lour t o t u r n . C. O. W e b e r also no t i ced t h a t a n excess 
of c h r o m a t e in t h e p r e c i p i t a t i n g soln. f avou r s t h e t e n d e n c y of t h e colour to change , 
whi le a n excess of l ead s a l t a c t s in t h e conver se w a y ; b u t M. Du l lo does n o t agree 
•with t h i s s t a t e m e n t . E . E . F r e e sugges t ed t h a t in some cases t h e d a r k e n i n g of t h e 
co lour m a y b e d u e t o t h e g r o w t h of t h e fine g r a n u l e s i n t o coa r se r g ra ins . T h e 
d a r k e n i n g of t h e co lour m a y r e n d e r t h e ch rome-ye l low q u i t e useless for a p i g m e n t . 

E . E . F r e e showed t h a t t h e difference in t h e co lour of t h e ye l low colour of t h e 
p o w d e r a n d t h e o range co lour of t h e c ry s t a l s is d u e t o differences in t h e grain-s ize. 
T h e l a rges t c rys t a l s a r e o b t a i n e d w i t h h o t di l . soln. T h e size of t h e p r e c i p i t a t e d 
c ry s t a l s increases c o n t i n u o u s l y w i t h decrease in cone . T h e co lours of t h e prec ip i ­
t a t e s o b t a i n e d f rom t h e m o s t cone , a n d t h e m o s t dil . soln. a r e l i gh te r t h a n is t h e 
case w i t h p r e c i p i t a t e s f rom soln. of 
i n t e r m e d i a t e cone . T h e c u r v e shows A 
a m a x i m u m d e p t h of colour a t m o d e - ^ 
r a t e cone . So t h a t size of g r a in a lone 
does n o t suffer t o exp la in t h e r e su l t s . 
I t is a s s u m e d t h a t t h e bas i c i t y as 
well a s gra in-s ize were c o n c e r n e d in 
t h e effects o b t a i n e d . A. H a b i c h , 
T. Gobel , a n d J . Be r sch s h o w e d t h a t 
t h e la rger c rys t a l s of t h e bas ic ch ro -
m a t e s c o r r e s p o n d w i t h t h e d e e p e r 
a n d r e d d e r shades of colour \ a n d 
W . E . F u s s s t a t e d t h a t ch rome- red , w h e n g r o u n d , a cqu i r e s a yel low t inge . 
B . B e d l i c h sa id t h a t c h r o m a t e s p r e p a r e d b y t h e ac t i on of c h r o m a t e soln. on 
l e ad h y d r o x i d e a re r e d d e r when t h e h y d r o x i d e is c rys ta l l ine . E . L . Nichols a n d 
B . W . S n o w showed t h a t t h e reflection s p e c t r u m of p i g m e n t s is p r o d u c e d b y l ight 
ref lected f rom t h e surface , a n d b y l i gh t reflected f rom t h e in t e r io r faces. T h a t 
reflected f rom t h e surface is w h i t e ; a n d t h a t ref lected f rom t h e in te r io r d e t e r m i n e s 
t h e co lour of t h e p i g m e n t . T h e i n t e r n a l l y reflected l igh t is t h a t l igh t which h a s 
e n t e r e d a t l eas t one of t h e c ry s t a l s a n d b e e n reflected f rom t h e pos te r io r surface of 
t h a t c r y s t a l or f rom t h e surface of s o m e o t h e r c r y s t a l s i t u a t e d m o r e deep ly w i th in 
t h e m a s s . E . E . F r e e c o n t i n u e d : w i t h a m o r e finely p o w d e r e d p i g m e n t , t h e r e will 
b e obv ious ly m o r e surface p e r u n i t of m a s s , a n d t h e first of t h e s e in t e r io r faces will 
be on t h e a v e r a g e n e a r e r t h e e x t e r n a l sur face of t h e layer , t h a t is, t h e l ayer of 
co loured m a t e r i a l t h r o u g h w h i c h t h e i n t e r n a l l y reflected r a y m u s t pass , is less in 
t h e finely p o w d e r e d m a t e r i a l . I t m u s t there fore h a p p e n t h a t t h e select ive abso rp ­
t i o n w h i c h t a k e s p lace in t h i s r a y will b e r e l a t ive ly weake r , o r in c o m m o n p h r a s e 
t h e <s co lour " i m p a r t e d t o t h e r a y will b e less m a r k e d . Crys ta l l ine l ead c h r o m a t e , 
however , c h a n g e s f rom a r edd i sh - o r ange t o a c lear ye l low w h e n p o w d e r e d ; so t h a t 
t h e r e a p p e a r s t o b e n o t o n l y a w e a k e n i n g of t h e colour , b u t a n a c t u a l change from 
r e d or o r ange i n t o ye l low. E . L#. Nichols found t h a t w h e n l igh t is reflected from 
a t h i n p l a t e of l e ad c h r o m a t e , t h e b lue a n d viole t , m o s t of t h e green, a n d a con­
s ide rab le f rac t ion of t h e ye l low are ab so r bed , b u t t h e r e d is a l lowed t o pass i n 
g r e a t e r degree a n d in inc reas ing p r o p o r t i o n w i t h increas ing wave - l eng th . This is 

Bli/e YMet Xe* f YeUo* f 
Ord/7^e Gree/? 

F1Ia. 58. The Spectrum of L ight !Reflected 
from Lead C h r o m a t e . 
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shown b y F ig . 58 , whe re t h e abscissae r e p r e s e n t wave- l eng ths , a n d t h e o r d i n a t e s of 
t h e in tens i t ies of t h e reflected l igh t in t e r m s of un i fo rm wh i t e l ight . T h e g reen 
c o m p o n e n t of t h e l igh t wh ich r eaches t h e eye is m a s k e d b y t h e l a rger p r o p o r t i o n 
of red, a n d t h e a p p a r e n t colour is a s h a d e of yel low or o range t i nged w i t h r ed . B y 
increas ing t h e th i ckness of t h e p l a t e , t h e a r e a r ep re sen t ing t h e a b s o r b e d l igh t 
e x t e n d s t o w a r d s t h e left, t h u s c o n c e n t r a t i n g t h e r ed a n d r educ ing t h e yel low. 
Converse ly w h e n t h e t h i c k n e s s of t h e p l a t e is decreased , t h e g reen progress ive ly 
w e a k e n s t h e r e d a n d m a k e s t h e yel low m o r e p r o m i n e n t in t h e t r a n s m i t t e d 
l ight . As t h e t r a n s m i t t e d l igh t e x t e n d s i n t o t h e b lue , a fu r the r decrease in 
t h e th i ckness of t h e p l a t e , t h e b lue t e n d s t o neu t ra l i ze t h e yel low, a s t h e 
g reen neu t r a l i ze s t h e red , a n d t h e yel low becomes pa le r a n d pa ler , u n t i l in t h e 
l imi t ing case t h e colour a p p e a r s wh i t e . L . G o d a r d s tud i ed t h e effect of r a d i a n t 
h e a t r a y s b y chrome-ye l low. L e a d c h r o m a t e belongs t o t h e class of s u b s t a n c e s 
wh ich W . A c k r o y d called m e t a c h r o m a t i c because t h e y c h a n g e t he i r colour on 
h e a t i n g . T h e colour was shown b y R . F . M a r c h a n d , L*. Bourgeois , a n d E . J . H o u s t o n 
a n d E . T h o m s o n t o change from yel low t o o range t o red , a n d i n t h i s respec t , i t 
b e h a v e s l ike t h e m a j o r i t y of o the r subs t ances obse rved b y C. F . Schonbe in , a n d 
E . J . H o u s t o n a n d E . Thomson , in t h a t t h e m a x i m u m in tens i ty , w i t h rise of t e m p . , 
m o v e s t o w a r d s t h e red . The basic c h r o m a t e s also become a deepe r r ed w h e n 
h e a t e d . Conversely, as t h e yel low c h r o m a t e is cooled t o —30° t o —40°, i t b e c o m e s 
yel lowish-green ; a n d M. B a m b e r g e r a n d R . Grengg sa id t h a t b o t h t h e n a t u r a l 
a n d artificial c rys ta l s a re decolorized a t —190°. 

T h e c r y s t a l s of crocoite a re monocl in ic p r i sms ; a n d , accord ing t o H . D a u b e r , 
t h e ax ia l r a t io s a re a : b : c = O 9 6 0 3 : 1 : 0-9159, a n d £ = 1 0 2 ° 2 7 ' ; E . F . Ch i rva 
g a v e a : b : c=-O960293 : 1 : 0 9 1 3 0 5 , a n d / 8 = 7 7 ° 3 2 ' 5 5 " . T h e c rys t a l s a re usua l ly 
p r i s m a t i c , b u t t h e h a b i t Varies so t h a t t h e c rys ta l s s o m e t i m e s r e semble a c u t e 
r h o m b o h e d r a . The faces a re usua l ly s m o o t h a n d b r i l l i an t ; t h e (110) face m a y 
b e ver t i ca l ly s t r i a t ed . The (110)-cleavage is d i s t inc t ; b u t t h e (001)- a n d (IOO)-
c leavages a re n o t so well defined. The c rys ta l s were also e x a m i n e d b y N . v o n 
Kokscharoff , a n d F . Hessenbe rg . A. de Schu l ten , A. D r e v e r m a n n , a n d L . Bourgeo i s 
also showed t h a t t h e artificial c rys t a l s a re monocl in ic p r i sms . B . Gossner a n d 
F . Mussgnug showed t h a t t h e X - r a d i o g r a m s co r re spond w i t h a = 6 - 8 2 A., 6 = 7 - 4 8 A., 
c = 7 1 6 A., a n d £ = 1 0 2 ° 3 3 ' ; or a : b : c = 0 - 9 1 2 : 1 : 0-957. T h e vo l . of u n i t cell 
i s 356-5 X 10~~24 c.c. G. T a m m a n n a n d Q. A. Mansu r i f o u n d t h a t t h e r ec rys t a l -
l i za t ion of t h e powder w i t h g ranu les less t h a n 0-3 m m . beg ins b e t w e e n 237° a n d 248°. 
T h e optical Character is pos i t ive ; a n d t h e optic ax ia l ang le 2 V = 5 4 ° . I n acco rd 
w i t h t h e d i m o r p h i s m of l ead s u l p h a t e , d iscussed b y W . G r a h m a n n , P . G r o t h a n d 
K . H a u s h o f e r sa id t h a t lead c h r o m a t e is p r o b a b l y d i m o r p h o u s furn ish ing monocl in ic 
a n d r h o m b i c c rys t a l s . C. L i idek ing o b t a i n e d art if icially w h a t h e r e g a r d e d a s 
r h o m b i c c rys ta l s—v ide supra. Accord ing t o F . M. J a g e r a n d H . C. Germs , l ead 
c h r o m a t e is t r i m o r p h i c . T h e monocl in ic or ct-form is s t ab le be low 707° ; t h e )8-form 
is s t a b l e b e t w e e n 707° a n d 783° ; a n d t h e y- form b e t w e e n ^ 83° a n d t h e m . p . 9 2 0 ° — 
F i g . 62. T h e t r a n s i t i o n a ,-PbCr04 ;=^8-PbCrO4 , a t 707°, is a t t e n d e d b y a smal l t h e r m a l 
c h a n g e , whi le t h e t r a n s i t i o n ) 8 - P b C r O 4 ^ y - P b C r O 4 , a t 783°, invo lves a g r e a t e r 
t h e r m a l change . Some var ie t i e s of c rocoi te showed only one t r a n s i t i o n t e m p , a t 792° . 

C. H . D . B o d e k e r gave 5-951-6-004 for t h e specific gravi ty of l ead c h r o m a t e ; 
L . P lay fa i r a n d J . P . J o u l e , 5-653 ; a n d P . Niggli , 6-123. H . G. F . Schrode r g a v e 
5-965 for t h e sp . gr . of crocoi te ; a n d for t h e artificial c rys ta l s , N . S. Manros s 
g a v e 6-118 ; A. d e Schu l ten , 6-123 a t 15° ; L . Bourgeois , 6-29 ; J . Mi lbauer a n d 
K . K o h n g a v e 5-44 for t h a t of t h e a m o r p h o u s p rec ip i t a t e . B . Gossner a n d 
F . M u s s g n u g ca l cu la t ed 6-00 for t h e sp . gr. T h e hardness of c rocoi te is 2-5 t o 
3-0. P . W . B r i d g m a n f o u n d t h e l inear Compressibility a t 30° , i n t h e d i r ec t ion 
C of t h e monocl in ic c rys ta l s , t o b e SZ/Z0=0-064978jt?-0-01 1378^2 , a n d a t 75° , 
SZ/? 0=0-0 65102p—0-0 x l422p 2 for press , p r a n g i n g u p t o 12,000 k g r m s . pe r sq . c m . 
H . K o p p g a v e 0-0900 for t h e specific h e a t b e t w e e n 19° a n d 50° ; a n d 2 9 0 for t h e 
mo l . h t . T . M. L o w r y a n d L . P . M c H a t t o n obse rved t h a t t h e fineness of t h e 
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p o w d e r p r o d u c e d b y t h e dec r ep i t a t i on of crocoi te d e p e n d s on t h e p r o p o r t i o n of 
i nc luded w a t e r which t h e mine ra l con t a in s . H . F . M a r c h a n d said t h a t l ead c h r o m a t e 
fuses a t a r e d - h e a t and , on cooling, solidifies t o a d a r k b r o w n m a s s w h i c h forms a 
b rownish-ye l low p o w d e r ; b u t if t h e m o l t e n c h r o m a t e b e p o u r e d i n t o cold wa te r , i t 
forms a r e d m a s s wh ich yie lds a r ed powder . F . M. J a g e r a n d H . C. G e r m s found 
t h a t t h e me l t ing point of l ead c h r o m a t e is 844°—and fusion is a t t e n d e d b y a l i t t l e 
decompos i t ion ; whi le c rocoi te m e l t s a t 835° t o 839°. R . F . M a r c h a n d sa id t h a t 
w h e n h e a t e d a b o v e i t s m .p . , i t gives off a b o u t 4 pe r cent , of oxygen forming l ead 
d ichrorna te a n d ch romic oxide . T h e a m o u n t of oxygen evolved is only a f rac t iona l 
p a r t of t h a t which would be evo lved if t h e decompos i t ion were comple t e . 
R . F . M a r c h a n d r ep re sen t ed t h e r e a c t i o n : 4 P b C r O 4 - = 2 P b 2 0 ( C r O 4 ) + C r 2 O 3 + 3 O ; 
C. Schube r t , a n d W . H e m p e l a n d C. S c h u b e r t found t h a t t h e evolu t ion of gas 
begins a t a b o u t 600°, a n d he obse rved r a t h e r m o r e o x y g e n is g iven off u p t o 1150° 
t h a n is requ i red b y th i s e q u a t i o n . If r e -hea t ed in oxygen gas, t h e c h r o m a t e is n o t 
r e fo rmed ; b u t if a m i x t u r e of ch romic oxide a n d l ead oxide be h e a t e d in oxygen , 
14*9 p a r t s of oxygen a re t a k e n u p for 100 p a r t s of ch romic oxide . W . H e m p e l a n d 
C. S c h u b e r t found t h a t d issocia t ion begins a t a b o u t 600°, a n d is comple t ed a t 
1150°. R . Lorenz a n d W . H e r z s t ud i ed some re la t ions b e t w e e n t h e b . p . a n d t h e 
cr i t ical t e m p . H . C. Sorby gave 2-73O for t h e index of refraction of crocoi te ; 
C. B a r w a l d gave 2-203 a n d 2-667 for red- l ight , a n d 2-437 a n d 2-933 for green- l ight ; 
while A. des Cloizeaux gave 2*42 for yel low-l ight . A. de G r a m o n t e x a m i n e d t h e 
spark Spectrum of crocoi te . G. H . H u r s t found t h a t chrome-ye l low reflects a 
large p r o p o r t i o n of t h e yel low a n d green r ays , wi th a smal l q u a n t i t y of o range a n d 
b lue r a y s , F ig . 59. G. I . P o k r o w s k y s t u d i e d t h e po la r i za t ion of l igh t b y finely 
d iv ided lead c h r o m a t e su spended in wa t e r . W . W . Coblentz gave for t h e diffuse 
reflecting power : 

E m i s s i o n 61-2 7G-2 41-2 
S-SfJL 
4-74 

24-O/x 
7-4 

Blue . Motet 

F I G . 59 . 

/?et/ \yeUotv f 
Ora/?g-e Green 
-Ref lec t ion S p e c t r u m of Chrome-

yel low. 

T. W . Case said t h a t t h e e lectrical res i s tance of crocoi te exceeds one m e g o h i n , a n d 
is n o t affected b y l ight . The sp . e lectrical conduct iv i ty of a s a t . soln. a t 18° was 
found b y F . K o h l r a u s c h t o be of 
t h e order 0*1 X 10~~6 m h o s . Accord ing v , ^A B C D E F G /7 
t o J . R o s e n t h a l , t h e electr ical con­
d u c t i v i t y of t h e compressed p o w d e r 
increases w i t h t e m p . , be ing 0*1 IO 
m h o a t 208°, a n d 0-385 m h o a t 331°. 
T h e p r ec ip i t a t ed p o w d e r is a b e t t e r 
c o n d u c t o r t h a n t h a t o b t a i n e d b y 
g r ind ing t h e fused c h r o m a t e . R . L a b e s 
s t ud i ed t h e electr ical charges on t h e 
surface of lead c h r o m a t e in soln. of 
e lec t ro ly tes . 

E . R u t h e r f o r d a n d F . S o d d y obse rved t h a t r e d - h o t l ead c h r o m a t e h a s no ac t ion on 
radium or thor ium e m a n a t i o n . R . F . M a r c h a n d obse rved t h a t when lead c h r o m a t e 
is h e a t e d in hydrogen , w a t e r is fo rmed a n d t h e m a s s becomes incandescen t before 
t h e t e m p , of t h e vessel h a d a t t a i n e d a r e d - h e a t . T h e r eac t ion is symbol ized 
2 P b C r 0 4 + 5 H 2 = 5 H 2 0 + C r 2 0 3 + 2 P b . J J Mennicke found t h a t h y d r o g e n in statu 
nascendi—from hydroch lo r i c ac id a n d zinc in t h e presence of p l a t i n u m — r e d u c e s 
l ead c h r o m a t e qu ick ly a n d comple te ly . J . Mi lbauer a n d K . K o h n sa id t h a t when 
t h e yel low c h r o m a t e is w a r m e d w i t h water i t becomes red , b u t on cooling t h e yellow 
colour is r e s to r ed ; a n d A. J . Cox found t h a t a t 25°, t h e c h r o m a t e is hydro lyzed 
so t h a t t h e w a t e r con t a in s a b o u t 0-02 mil l imol of chromic acid pe r l i t re . 
J . F . Gr. H i c k s a n d W . A. Craig s t u d i e d t h e progress ive hydro lys i s of lead c h r o m a t e 
b y w a t e r a t 100° a t o r d i n a r y press . , a n d in sealed t u b e s ; a n d found t h a t t he 
r eac t ion is comple t e in a b o u t 3 h r s . A basic lead c h r o m a t e is formed. The older 
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'Sz/VcIzCrO4 

chemis t s t h o u g h t t h a t l ead c h r o m a t e is insoluble in 1Water, b u t A. D r e v e r m a n n 
found t h a t 10OO p a r t s of w a t e r dissolve O 0 2 p a r t of sa l t ; a n d P . H a r t i n g sa id t h a t 
lead n i t r a t e is p r ec ip i t a t ed as c h r o m a t e w h e n one p a r t is p r e s e n t in 70,000 p a r t s 
of wa te r . Gr. v o n H e v e s y a n d F . P a n e t h gave for t h e solubi l i ty 1-2 X l O - 5 g r m . 
pe r l i t re a t 25° ; G. v o n H e v e s y a n d E . R o n a gave 2 X 1 O - 7 mol p e r l i t re a t 20° ; 
F . K o h l r a u s c h a n d F . Rose , 0-0002 g rm. p e r l i t re a t 18° ; F . K o h l r a u s c h , 0-0001 
g r m . pe r l i t re a t 18° ; K . Beck a n d P . Stegmul ler , 3 x l 0 ~ 7 mo l pe r l i t re a t 25°. 
F . A u e r b a c h a n d H . P i c k g a v e for t h e solubi l i ty p roduc t , [ P b ' ^ [ C r O 4 ' ' ] = 2 x l 0 - - i * 
a t 1 8 ° ; a n d [ P b " ] 2 [ C r 0 4 " ] [ O H ' ] 2 = 6 X 10 -» 6 . P . Schu tzenbe rge r obse rved t h a t 
w h e n h e a t e d in a p o r o u s crucible over a gas-flame, lead c h r o m a t e adso rbs m o i s t u r e 
which is expel led on ly a t a red h e a t . K . B . L e h m a n n observed t h a t c o n d u c t i v i t y 
w a t e r dissolves m o r e t h a n dist i l led wa te r . Accord ing t o L». N . Vauque l in , l ead 
c h r o m a t e dissolves comple te ly in a soln. of po tass ium hydroxide ; a n d F . W d h l e r 
a n d J . v o n Liebig a d d e d t h a t t h e soln., sa t . while ho t , depos i t s af ter a few d a y s 
yel lowish-red lamina? of a basic sal t . A. D r e v e r m a n n also sa id t h a t a soln. of 
p o t a s s i u m h y d r o x i d e m a k e s t h e c rys ta l s opaque , a n d da rke r , a n d t h e y a re t h e n 
s lowly dissolved. M. L a c h a u d a n d C. Lepier re found t h a t a l i t re of 22V-KOH 
dissolves 11-9 grms . of lead c h r o m a t e a t 16° ; 16-2 g r m s . a t 60° ; 26-1 g r m s . a t 
80° ; a n d 38-5 grnif*. a t 102°, forming K 2 P b ( 0 r O 4 ) 2 . Cone, p o t a s h - l y e — s a y 45 p e r 

cen t . K O H , sp . gr . 1*47—forms o x y c h r o ­
m a t e , or lead m o n o x i d e ; b u t 22V-KOH 
forms only t h e o x y c h r o m a t e . Mol ten po ­
t a s s ium h y d r o x i d e forms c rys t a l s of t h e 
oxych roma te—v ide infra, bas ic sa l ts . 
R . E b e r h a r d observed t h a t t h e sa l t is 
soluble in a n alcoholic soln. of p o t a s s i u m 
hyd rox ide . According to F . B r a n d e n b u r g , 
w h e n lead c h r o m a t e is boi led w i t h a soln. 
of po tas s ium carbonate , a bas ic oxy ­
c h r o m a t e is formed, a n d t h e n lead car­
b o n a t e ; t h e l iquid t a k e s u p m u c h ch romic 
a n d lead oxides, a n d w h e n t r e a t e d wi th 
su lphur i c acid, lead c h r o m a t e is precipi­
t a t e d . T h e obse rva t ions of H . Golb lum 
a n d G. Stoffella on t he equ i l ib r ium P b C r O 4 
+ N a 2 C O 3 ^ P b C O a + N a 2 O r O 4 h a v e been 
s u m m a r i z e d in F ig . 6O. K . B . L e h m a n n 

found t h a t a di l . soln. of sod ium c a r b o n a t e readi ly dissolves lead c h r o m a t e a n d a 
s t a t e of equ i l ib r ium is i n a u g u r a t e d w i th t h e o x y c h r o m a t e : 2 P b C r O 4 + 2 N a 2 C O 3 
+ H 2 O ^ P b O . P b C r 0 4 + 2 N a H C 0 3 + N a 2 C r 0 4 . W i t h increas ing d i lu t ion a n d rise 
in t e m p , t h e equ i l ib r ium is d isp laced t o w a r d s t h e r igh t -hand side of t h e a b o v e 
e q u a t i o n . W h e n t h e equ i l ib r ium is a p p r o a c h e d from t h e side of t h e basic lead 
c h r o m a t e , e x a c t l y t h e s a m e resu l t s a re n o t ob t a ined as from t h e side of t h e n o r m a l 
l ead c h r o m a t e . T h e revers ib le r eac t ion expressed b y t h e e q u a t i o n : P b C r O 4 
+ N a 2 C 0 3 ^ P b C r 0 3 + N a 2 C r 0 4 , on ly t a k e s p lace in t h e presence of cons iderable 
q u a n t i t i e s of h y d r o c a r b o n a t e in soln., o therwise basic lead c h r o m a t e is fo rmed . 
F o r soln. w i t h t h e t o t a l s o d i u m cone, f rom O-ObN- t o 0-12V-Na2CO3, a t 18°, t h e 
equ i l i b r ium c o n s t a n t , for t h e r eac t ion 2 P b C r 0 4 + 2 C 0 3

, / + H 2 O ^ P b O Z P b C r O 4 
+ C r 0 4 + 2 H C 0 3 ' is [ C r 0 4

/ , ] [ H C 0 3 ' P / [ C 0 3
/ / ] 2 = 0 - 0 5 7 — C Q ' , F ig . 60 ; for 2PbCOo 

+ C r 0 4 " + H 2 0 ^ 2 H C O s ' + P b O . P b C r 0 4 , i t is [ H C 0 3 ' ] 2 / [ C r 0 4 ' n = l - 9 5 — Q B 9 F ig . 60*; 
a n d for P b C r O 4 + C O 3 ^ C r O 4 " + P b C O 3 , i t is [ C r 0 4 " ] / [ C 0 3 ' 7 J = 0 - 2 — A Q \ F i g . 6O; 
a n d if c a rbon ic ac id be p r e s e n t , [ H 2 C O 3 ] [ C r O 4 ' ^ / [ H C O 3 J 2 = 4 X 10~~~6. L e a d c h r o m a t e 
en t e r s i n t o revers ib le r e a c t i o n w i t h a soln. of s o d i u m h y d r o c a r b o n a t e accord ing t o 
t h e e q u a t i o n : P b C r 0 4 + 2 N a H C 0 3 - ^ P b C 0 3 + N a 2 C r 0 4 + C 0 2 + H 2 0 ; equ i l ib r ium 
is a t t a i n e d a t a m u c h lower p r e s s , of c a r b o n d ioxide t h a n is t h e case w i t h l ead 
s u l p h a t e . T h e e q u i l i b r i u m c o n d i t i o n s for t h e t e r n a r y s y s t e m : N a 2 C O 8 - N a H C O 8 -

NaNCO;, '^NazC03 

F i a . GO. !Equilibrium between Lead 
C h r o m a t e and O-IiV-Sodium Carbonate 
Solut ions at 18°. 

313 



C H R O M I U M 2 9 9 

N a 2 C r O 4 in t h e p resence of l ead c h r o m a t e , o x y c h r o m a t e a n d c a r b o n a t e , a r e shown in 
F ig . 6O. T h e region where l ead c a r b o n a t e is s t ab le is v e r y smal l , a n d t h e t r a n s ­
fo rma t ion P b C r O 4 + N a 2 C O 3 V ^ P b C O 3 + N a 2 C r O 4 occurs on ly in t h e p resence of 
h y d r o c a r b o n a t e . T h e regions of s t ab i l i t y of t h e t w o lead c h r o m a t e s a re v e r y 
wide . 

H . Moissan obse rved t h a t h y d r o g e n chloride decomposes lead c h r o m a t e fo rming 
r e d fumes of c h r o m y l chlor ide ; a n d H . Schwarz , t h a t h o t hydrochlor ic ac id d is­
solves t h e c h r o m a t e w i t h t h e f o r m a t i o n of ch lor ine , l ead chlor ide , a n d c h r o m i c 
ch lor ide . M. Groger sa id t h a t ho t , di l . hyd roch lo r i c ac id decomposes t h e c h r o m a t e 
c o m p l e t e l y fo rming l ead ch lor ide which , if n o t fi l tered off, a n d w a t e r be a d d e d , 
re - forms l ead c h r o m a t e . K . Beck a n d P . S tegmi i l le r found t h e solubi l i ty , & 
mil l imols p e r l i t re , t o be : 

H C l 
j 18° . 

S { 2 5 ° . 
{ 3 7 ° . 

. O- IiST-
O 1 8 6 

. 0 - 2 3 9 
0 - 3 3 7 

02ZST-
0 3 9 3 
0 - 4 8 5 
0 - 7 4 4 

0 - 3 J V -
0 - 6 5 4 
0 - 8 3 9 
1-31 

0-4JV-
1-07 
1*32 
2 1 0 

0-5AT-
1-56 
4 0 6 
3 - 2 8 

O-0JV-
2 -25 
2 -95 
4 - 6 9 

so t h a t , a s i n d i c a t e d b y K . B . L e h m a n n , t h e so lven t ac t i on is g rea t e r , t h e m o r e 
cone , t h e acid . A cone . soln. of s o d i u m chlor ide dissolves t r a c e s of t h e c h r o m a t e ; 
a n d M. L a c h a u d a n d C. Lep ie r re s t a t e d t h a t m o l t e n sod ium chlor ide c o n v e r t s t h e 
c h r o m a t e i n t o bas ic c h r o m a t e s . J . F . G. H i c k s , a n d J . F . G. H i c k s a n d W . A. Craig 
f o u n d t h a t r eac t i ons in fused sa l t s c an b e b r o u g h t a b o u t t o yie ld p r o d u c t s a n a l o g o u s 
t o t h o s e o b t a i n e d w i t h t h e s a m e in i t i a l s u b s t a n c e s in a q . soln. , t h e chief difference 
be ing t h e s lowness of t h e r e a c t i o n s in t h e fused m e d i u m a t 870°. T h e r eac t i on 
w i t h fused s o d i u m chloride r ep re sen t s a t r u e s t a t e of equ i l i b r ium. A bas ic c h r o m a t e 
is t h e m a i n p r o d u c t of t h e r eac t i on . J . Mi lbaue r a n d K . K o h n found t h a t lead 
c h r o m a t e r e a c t s q u a n t i t a t i v e l y w i t h p o t a s s i u m iodide : C r 0 4

, / + 8 H * + 3 I ' = C r " 
-f-4rH20-f-3I. M. Ie B l a n c a n d E . B i n d s c h e d l e r found l ead c h r o m a t e t o be insoluble 
in c o n t a c t w i th a 1-5 p e r c e n t . soln. of s o d i u m chlorate for 4 h r s . a t r o o m t e m p . 
H . H . Wi l l a rd a n d J . KLassner f o u n d t h a t t h e so lub i l i t y of l ead c h r o m a t e in p e r ­
chloric ac id , S g r m . x>er ICK) c.c. a t 25°, is : 

JVf-HClO 4 
N 

. O l 
O 0 0 4 1 

0 5 
O O 1 2 0 

1 0 
0 - 0 1 4 0 

2-O 
0 0 1 9 9 

3-O 
0 0 2 1 1 

4-O 
0 0 2 1 3 

5 O 
O O 1 9 1 

T h e so lubi l i ty is r e d u c e d if lead p e r c h l o r a t e or s o d i u m d i c h r o m a t e b e p r e s e n t . 
J . 13. S e n d e r e n s sa id t h a t t h e c h r o m a t e is n o t a l t e r ed w h e n boi led for a week with 

w a t e r a n d su lphur . T h e p resence of free su lphur , o r su lphides , g r a d u a l l y d a r k e n s 
ch rome-ye l low owing t o t h e f o r m a t i o n of l ead su lph ide . E . !F. A n t h o n h e a t e d in a 
glass t u b e a m i x t u r e of l ead c h r o m a t e w i t h one-e igh th of i t s w e i g h t of su lphur , a n d 
found t h a t t h e p r o d u c t t a k e s fire w i t h incandescence on e x p o s u r e t o air , fo rming 
s u l p h u r d iox ide , a n d c h r o m i c a n d l ead oxides . H . Moissan a n d P . I j ebeau said t h a t 
su lphur hexaf luoride is n o t d e c o m p o s e d b y m o l t e n l ead c h r o m a t e . H o t su lphur ic 
ac id decomposes l ead c h r o m a t e , fo rming l ead s u l p h a t e , a n d H . Schwarz found t h a t 
for c o m p l e t e decompos i t i on a n excess of 4 t o 5 mols of su lphur i c ac id is necessary ; 
M. Groger found t h a t t h e decompos i t i on w i t h boi l ing dil . su lphur i c ac id is incom­
p le t e ; t h e cold cone , ac id a c t s s lowly whi le t h e h o t ac id a c t s qu ick ly , forming 
c h r o m i c ac id . J . Mi lbaue r a n d K . KLohn's o b s e r v a t i o n s on t h e r eac t ion w i t h 
p o t a s s i u m su lphate soln . a r e s u m m a r i z e d in F i g . 5 5 . G. Chance l sa id t h a t lead 
c h r o m a t e is inso luble in a soln. of s o d i u m thiosulphate . 

E . C. F r a n k l i n a n d C. A. K r a u s found t h a t lead c h r o m a t e is inso luble in l iquid 
a m m o n i a ; a n d W . E . Ga r r i gues t h a t i t is inso luble in aq . a m m o n i a . C. L . P a r s o n s 
found t h a t l ead c h r o m a t e f avou r s t h e o x i d a t i o n of a m m o n i a b y air . R . H . B r e t t 
s a id t h a t t h e sa l t is inso luble in a soln. of a m m o n i u m chlor ide . A. D r e v e r m a n n , 
J . v o n !Liebig, a n d A. B a u m a n n o b s e r v e d t h a t l ead c h r o m a t e is insoluble in n i t r i c 
ac id . K. Duvi l l ie r s t a t e d t h a t boi l ing cone , nitric ac id d issolves 98-79 per cen t . 
C r O 3 and . on ly 1-21 p e r cen t , P b O , while t h e r e m a i n i n g lead s epa ra t e s as lead 
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n i t r a t e . W h e n w a t e r is a d d e d t o t h e m i x t u r e , lead c h r o m a t e is r e fo rmed . KL* B e c k 
a n d P . S tegmul le r g a v e for t h e so lubi l i ty S mil l imols P b p e r l i t re , a t 18°, 

H N O 8 . . 0 - 1 ^ . 0-2iV- 0-3JV- 0-42V- 0-6JY- 0'6Ar. 
S . 0-129 0-227 0-312 O-401 0-488 0-598 

H . H . Wi l l a rd a n d J . L.. K a s s n e r found t h e so lubi l i ty of l ead c h r o m a t e , S g r m . p e r 
100 c.c. a t 25°, in n i t r i c ac id , t o b e : 

M -H]STO3 . 0*1 0-5 1 0 2O 3 O 4 0 5'O 
S . . 0*0063 0 0 1 7 7 0 0 3 8 5 0 0 8 8 9 0 1 7 0 1 0*2812 0-4367 

T h e so lubi l i ty is r e d u c e d if lead n i t r a t e , or sod ium d i c h r o m a t e b e p r e s e n t . C. Mar ie 
sa id t h a t 0-5 g r m . of l ead c h r o m a t e dissolves in a m i x t u r e of n i t r i c ac id w i t h 
2 g r m s . of a m m o n i u m nitrate. F . Woh le r a n d J . v o n Lieb ig found t h a t m o l t e n 
potass ium nitrate conve r t s lead c h r o m a t e i n to t h e o x y c h r o m a t e ; a n d M. L a c h a u d 
a n d C. Lep ie r re observed t h e fo rma t ion of t h e c o m p l e x sa l t s K 2 P b ( CrO4) 2 
a n d 2 P b O . K 2 P b ( C r 0 4 ) 2 . S imilar ly also w i t h sod ium a n d l i t h ium n i t r a t e s . 
J . F . G. Hicks , a n d J . F . G. H icks a n d W . A. Craig s t u d i e d t h e r e a c t i o n w i t h a n 
equ imo la r m i x t u r e of fused sod ium a n d p o t a s s i u m n i t r a t e s a t v a r i o u s t e m p , u p t o 
230°. T h e reac t ion a t different t e m p , represen t s s t a t e s of equ i l i b r ium ana logous 
t o hydro lys i s . T h e p r o d u c t of t h e r eac t ion is a bas ic c h r o m a t e . F . W . O. d e 
Coninck s tud ied t h e pep t iz ing ac t ion of a boil ing soln. of p o t a s s i u m n i t r a t e on l e ad 
ch roma te—v ide supra. K . Je l l inek a n d H . E n s found t h a t 3 d r o p s of a one p e r 
cen t . soln. of silver nitrate a re coloured r edd i sh -b rown owing t o t h e f o r m a t i o n of 
s i lver c h r o m a t e . 

H . Moser observed t h a t w h e n h e a t e d w i t h carbon, l ead c h r o m a t e is r e d u c e d 
t o lead a n d chromic oxide . E . Berger a n d L . D e l m a s found t h a t t h e c o m b u s t i o n 
of c a r b o n in air is fac i l i ta ted b y t h e presence of lead c h r o m a t e . M. T a r u g i found 
t h a t a t 400°, ca l c ium carbide r educes t h e c h r o m a t e t o a ca lc ium lead a l loy a n d 
c h r o m i u m . A. Ku tze ln igg observed t h a t lead c h r o m a t e exe r t ed a n oxidiz ing ac t i on 
on a soln. of po tas s ium ferrocyanide ; a n d J . R . Campbel l a n d T . G r a y , t h a t t h e 
sa l t exe r t s a n oxidiz ing ac t ion on m e t h a n e a n d e t h y l en e . K . B . L e h m a n n found t h a t 
cone , acet ic acid dissolves v e r y l i t t le lead c h r o m a t e ; a n d A. B a u m a n n , t h a t ace t ic 
ac id dissolves no c h r o m a t e . L e a d c h r o m a t e is a l m o s t insoluble in a soln. of 
ammonium acetate ; and, according to 1. M. Kolthoff, in a soln. of sodium acetate. 
H . C. Bo l ton found t h a t a boil ing cone. soln. of citric acid decomposes crocoi te . 
J . Spil ler sa id t h a t lead c h r o m a t e is n o t p r ec ip i t a t ed in t h e p resence of a lkal i 
Citrates ; a n d A. N a u m a n n , t h a t i t is insoluble in ace tone . J . B . Charco t a n d 
P . Y v o n said t h a t sal iva dissolves pe rcep t ib le a m o u n t s of lead c h r o m a t e . Lr. V ignon 
s t a t e d t h a t fabrics a re usua l ly d y e d w i t h lead c h r o m a t e b y pass ing t h e m a t e r i a l 
t h r o u g h t h e aq . soln. of a soluble lead sa l t a n d t h e n t h r o u g h a soln. of p o t a s s i u m or 
s o d i u m c h r o m a t e . D y e i n g also occurs if t h e m a t e r i a l is a g i t a t e d in a suspens ion 
of p r e c i p i t a t e d lead c h r o m a t e in w a t e r ; equa l ly good resu l t s a r e o b t a i n e d w i t h 
silk, wool, or c o t t o n . T h e lead c h r o m a t e does n o t combine chemica l ly w i t h t h e 
m a t e r i a l d y e d . D y e i n g also t a k e s p lace if t h e l ead c h r o m a t e is s u s p e n d e d i n 
a lcohol or benzene , b u t t h e r e su l t ing colours a re n o t so deep as t h o s e o b t a i n e d 
w h e n w a t e r is t h e m e d i u m of suspens ion . T h e reac t ion was s t u d i e d b y M. A. I l i i n s k y 
a n d V. V. KozlofE. 

P . J a n n a s c h obse rved t h a t n a t u r a l s i l icates a r e decomposed when h e a t e d 
s t r o n g l y w i t h l ead c h r o m a t e . L . K a h l e n b e r g a n d W. J . T r a u t m a n n f o u n d t h a t w h e n 
m i x e d w i t h sil icon a n d h e a t e d b y a b u n s e n b u r n e r a s u d d e n r eac t ion occurs w i t h t h e 
evo lu t iqn of h e a t a n d l ight . The re is a s t r o n g reac t ion a t a " c h e r r y " r e d - h e a t 
a n d w h e n h e a t e d in t h e electr ic a rc . E . L a y found t h a t s i l icon hydrotrinitride 
r educes l ead c h r o m a t e a t a h igh t e m p . M. L a c h a u d a n d C. Lep ie r r e found t h a t 
a soln. of chromic acid causes a m o r p h o u s lead c h r o m a t e t o crystal l ize, or, accord ing 
t o K . P re i s a n d B . R a y m a n , t o be t r a n s f o r m e d i n t o l ead d i c h r o m a t e ; b u t , accord ing 
t o W . A u t e n r i e t h , a h o t , cone . soln. of ch romic acid does n o t dissolve t h e c h r o m a t e . 
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J . Coneybea re sa id t h a t l ead c h r o m a t e dissolves s p a r i n g l y in w a t e r con ta in ing 
potass ium chromate . F . P a n e t h a n d co-workers , G. M. S c h w a b a n d E . P ie t sch , a n d 
A. E i sne r s t u d i e d t h e a d s o r p t i o n of r ad ioac t ive subs t ances b y c rys t a l s of l ead 
c h r o m a t e . J . N . Mukher jee a n d H . L . R a y found t h a t a p r ec ip i t a t e of l ead c h r o m a t e 
in c o n t a c t w i t h va r ious sa l t s becomes nega t i ve ly cha rged in c o n t a c t w i t h wa te r , 
t h i s be ing d u e , p r o b a b l y , t o t h e a d s o r p t i o n of c h r o m a t e ions or, a l t e rna t ive ly , t o 
t h e a d s o r p t i o n of h y d r o x y l ions f rom t h e wa te r . T h e veloci ty of e lectr ical-osmosis 
shows t h a t w h e n t h e l ead c h r o m a t e is in c o n t a c t w i t h soln. of po t a s s ium c h r o m a t e , 
i oda t e , n i t r a t e , iodide, s u l p h a t e , a n d chlor ide , 
l ead n i t r a t e , b a r i u m chlor ide , a n d ca lc ium 
chlor ide of cone , v a r y i n g b e t w e e n O0000672V 
a n d 00042Vf, t h e o rde r of adso rbab i l i t y of t h e 
ca t ions is P b ' " > B a " >*Ca" : > K ' , whi l s t w i t h a 
c o n s t a n t ca t ion , K", t h e o rde r of a d s o r p t i o n of 
t h e an ions is t h a t g iven a b o v e . T h e c o n s t i t u e n t 
ions of a p r e c i p i t a t e a re v e r y s t r o n g l y a d s o r b e d 
b y i t , t hose of l ead be ing so largely a d s o r b e d a s 
t o reverse t h e cha rge a t a cone, of O000052V. 
These obse rva t ions c a n n o t be exp la ined on t h e 
t y p e of a d s o r p t i o n a s s u m e d b y F . P a n e t h ; a n d 
t h e sugges t ion of K . E a j a n s a n d K . v o n Becke-
r a t h t h a t t h e r e is a para l le l i sm b e t w e e n t h e 
i n t e n s i t y of a d s o r p t i o n of t h e a n i o n a n d t h e 
so lubi l i ty of t h e sa l t of t h e a d s o r b e d ion w i t h 
oppos i t e sign in t h e p r e c i p i t a t e is n o t t e n a b l e , s ince t h e n i t r a t e is m o r e s t rong ly 
a d s o r b e d t h a n t h e iod ide or s u l p h a t e , w h e r e a s t h e o rde r of increas ing solubi l i ty 
of t h e lead sa l t s is C r O 4 " < 1O 3 ' < r r < S 0 4 " < C 1 ' < c N 0 3 ' . F . M. J a g e r a n d 
H . C. G e r m s s tud i ed t h e b i n a r y s y s t e m : l ead s u l p h a t e — a n d l ead c h r o m a t e , a n d 
o b t a i n e d t h e d i a g r a m , F i g . 6 1 , wh ich is l a rge ly con jec tu ra l because of t h e d e c o m ­
pos i t ion a t t h e h igher t e m p . The re is a g a p in t h e solid soln. b e t w e e n 30 a n d 4O 
p e r cen t . P b C r O 4 . T h e m i x e d c rys t a l s h a v e t r a n s i t i o n p o i n t s a t 934°, 874°, a n d 
748°. 

A n u m b e r of basic lead chromates h a s b e e n r e p o r t e d . C. L u c k o w , a n d 
J . J . W . W a t s o n a n d T . S l a t e r o b t a i n e d bas ic sa l t s b y t h e e lect rolysis of a soln. of 
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F i a . 6 3 . E q u i l i b r i u m D i a g r a m of t h e T e r n a r y 
S y s t e m : P b O - C r O 3 - H 2 O a t 25°? 

F i a . 6 2 . — F r e e z i n g - p o i n t C u r v e s o f t h e 
B i n a r y S y s t e m : P b O - P b C r O 4 . 

s o d i u m ch lo ra t e a n d c h r o m a t e w i t h l ead e lec t rodes ; S. Ganel in , b y t h e ac t ion of 
p o t a s s i u m c h r o m a t e a n d m a g n e s i a on l ead s u l p h a t e ; A. C. Becquere l , b y t h e 
a c t i o n of a z inc p l a t e a n d w a t e r on l ead c h r o m a t e ; E . Toelle a n d M. v o n Hofe, a n d 
J . K r o n e n , b y t h e ac t ion of a p a s t e of lead c h r o m a t e o n lead oxide ; H . N . Ho lmes , 

316 
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b y t h e ac t ion of p o t a s s i u m c h r o m a t e o n so ln . of l e a d sa l t s ; a n d A. P r i n v a u l t 
obse rved t r a n s i e n t v io le t c o m p o u n d s of a p p a r e n t l y h i g h bas i c i ty . T h e e q u i l i b r i u m 
cond i t i ons of fused m i x t u r e s of l ead ox ide a n d c h r o m a t e were s t u d i e d b y H . C. G e r m s , 
F . M. J a g e r a n d H . C. Germs , J . F . G. H i c k s . T h e f .p. c u r v e of t h e b i n a r y s y s t e m 
b y E . M. J a g e r a n d H . C. G e r m s is s h o w n in F i g . 62. T h e c o m p o u n d P b 5 C r O 8 , o r 
P b 1 0 C r 2 O 1 6 , h a s no rea l m . p . a n d is s t ab l e on ly below 815°. T h e eu t ec t i c b e t w e e n 
P b C r O 4 a n d P b 2 C r O 5 occurs a t 820°, b u t t h i s p a r t of t h e d i a g r a m cou ld n o t be 
accu ra t e ly exp lored because of decompos i t i on . T h e o t h e r bas ic sa l t was P b 7 C r 2 O 1 3 . 
J . F . G. H icks o b t a i n e d P b 2 C r O 6 , a s well a s P b 4 C r O 7 ; P b 3 C r O 6 ; a n d P b 3 C r 2 O 9 
on his f .p. cu rve ; b u t t h e resu l t s were o b t a i n e d b y a c r u d e r m e t h o d . T h e com­
p o u n d s o b t a i n e d b y t h e f .p. process , a re n o t necessar i ly t h e s a m e as t hose o b t a i n e d 
b y w e t processes . T h e resu l t s of A. J . Cox 's e x a m i n a t i o n of t h e t e r n a r y s y s t e m : 
P b O - C r O 3 - H 2 O a t 25°, a r e s u m m a r i z e d in F ig . 63 . H e r e , t h e bas ic s a l t s P b 3 C r O 6 
a n d P b C r O 5 were ob ta ined—v ide supra, m e r c u r y c h r o m a t e s . 

F . M. J a g e r a n d H . C. G e r m s obse rved t h a t l ead te troxychromate , 5 P b C C r O 3 ; 
4 P b O - P b C r O 4 ; P b 5 C r O 8 ; or P b i 0 ^ r 2 ^ i 6 ? ^s fo rmed f rom m i x t u r e s of l ead c h r o m a t e 
w i t h 82-5 t o 89 mola r pe r cen t , of l ead oxide , F i g . 62. T h e c o m p o u n d is s t a b l e 
below 815°. I t decomposes w i t h t h e evo lu t ion of o x y g e n a b o v e i t s m . p . ; a n d a t 
a t e m p , exceeding 615°, i t decomposes i n t o a l i qu id a n d solid / J - P b 7 C r 2 O 1 3 . 
J . F . G. Hicks obtained lead trioxychromate, 4 P b C C r O 3 ; 3PbO.PbCrO4 ; or 
P b 4 C r O 7 , from a mol ten m i x t u r e of lead ox ide a n d c h r o m a t e , b u t F . M. J a g e r a n d 
H . C. G e r m s d id n o t find i t — F i g . 62. D . S t r o m h o l m a d d e d t h e c a l c u l a t e d a m o u n t 
of 0- I iV-K 2 CrO 4 t o lead h y d r o x i d e , a n d as soon as e q u i l i b r i u m w a s e s t ab l i shed ; 
t h e r e r e m a i n e d a n ochre-yel low m a s s of sma l l need les of t h e monoJvydrate of l ead 
t r i o x y c h r o m a t e s , P b 4 C r O 7 - H 2 O . F . M. J a g e r a n d H . C. G e r m s o b s e r v e d t h e 
f o r m a t i o n of lead pentoxybischromate , 7 P b O . 2 C r O 8 ; 5 P b 0 . 2 P b C r 0 4 ; or P b 7 C r 2 O 1 3 , 
b y m e l t i n g l ead c h r o m a t e w i t h 68 t o 82-5 m o l a r p e r cen t , of l ead ox ide , F i g . 62 . 
I t m e l t s a t 854° w i t h feeble d issocia t ion. A t 774°, t h e r e is a revers ib le t r ans fo r ­
m a t i o n w i t h a smal l t h e r m a l change . I t forms w i t h l ead o x y c h r o m a t e a e u t e c t i c 
a t 841° a n d 68 m o l a r p e r cen t . P b O . T h e y cons ider t h a t t h e m i n e r a l melanochroite 
f rom Beresowsk , Ura l s , is p r o b a b l y t h i s c o m p o u n d — v i d e infra. A t 830° , t h i s 
m e l a n o c h r o i t e decomposes w i t h t h e s epa ra t i on of lead . J . F . G. H i c k s r e p o r t e d 
l ead d ioxycbromate , 3 P b C C r O 3 ; 2 P b O - P b C r O 4 ; or P b 3 C r O 6 , t o b e fo rmed 
f rom fused m i x t u r e s of lead oxide a n d c h r o m a t e , b u t F . M. J a g e r a n d H . C. G e r m s 
d i d n o t find i t . On t h e o t h e r h a n d , A. J . Cox obse rved i t s f o r m a t i o n u n d e r t h e 
cond i t i ons i n d i c a t e d in F i g . 6 3 . Th i s sa l t can be r e g a r d e d as a d e r i v a t i v e of t h e 
h y p o t h e t i c a l orthochrotnic acid, H 6 C r O 6 ; j u s t as P b O - P b C r O 4 c an be r e g a r d e d as a 
d e r i v a t i v e of parachromic acidy H 4 C r O 5 . 

°>*<°>Pb o - o - ^ I ^ «,<o>&4>>» 
V Q ; > ^ b \ Q > P b 

PbCrO4 PbCPbCrO 4 2PbO.PbCrO4 

J . F . G. H i c k s , however , does n o t f avour t h i s hypo thes i s , s ince i t does n o t e x p l a i n 
t h e c o n s t i t u t i o n of 3 P b C P b C r O 4 . 

P . L . D u l o n g p r e p a r e d l ead oxychromate , 2 P b C C r O 3 ; P b O - P b C r O 4 ; or 
P b 2 C r O 6 , b y boi l ing lead ox ide or c a r b o n a t e w i t h a n aq . soln. of p o t a s s i u m c h r o m a t e . 
M. Rosenfe ld , F . A u e r b a c h a n d H . P i c k , T . Gobel , a n d J . G. G e n t e l e e m p l o y e d 
modi f ica t ions of t h i s process—cf. F i g s . 62, a n d 6 3 . L. N . Vauque l in , a n d M. F a r a d a y 
expose/I t o t h e a i r a di l . soln. of lead n i t r a t e a n d p o t a s s i u m c h r o m a t e in di l . p o t a s h -
lye , a n d o b t a i n e d smal l c rys t a l s w h i c h was t h o u g h t were t h e n o r m a l c h r o m a t e , b u t 
w h i c h were s h o w n b y F . W o h l e r a n d J . v o n Liebig t o be t h e o x y c h r o m a t e . 
C. R e i c h a r d o b t a i n e d t h e o x y c h r o m a t e b y t h e ac t ion of p o t a s s i u m c h r o m a t e o n a 
soln . of l ead s u l p h a t e in a n a q . soln. of a m m o n i u m t a r t r a t e ; R . W e i n l a n d a n d 
F . P a u l , b y t h e a c t i o n of p o t a s s i u m c h r o m a t e on a h o t soln. of p o t a s s i u m h y d r o x y * 
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c h l o r a t e ; a n d A. A. H a y e s , b y t h e slow ac t i on of c a r b o n d iox ide o n a soln. of l e ad 
ox ide a n d p o t a s s i u m c h r o m a t e in p o t a s h - l y e . As t h e soln . b e c o m e s s a t . w i t h 
c a r b o n d iox ide , o range-ye l low need les of l e ad o x y c h r o m a t e a r e fo rmed . F . M. J a g e r 
a n d H . C. G e r m s o b s e r v e d t h a t t h i s c o m p o u n d is f o rmed b y t h e fusion of m i x t u r e s 
of l e a d c h r o m a t e w i t h 15 t o 6 8 m o l a r p e r cen t . P b O — F i g . 62 . J . F . G. H i c k s 
o b t a i n e d i t in a s imi lar m a n n e r ; a n d R . F . M a r c h a n d , b y h e a t i n g t h e n e u t r a l 
c h r o m a t e t o r e d n e s s for s o m e t i m e . A. A . H a y e s , J . F . G. H i c k s , W . E . F u s s , 
J . F . G. H i c k s a n d W . A. C r a i g , F . W o h l e r a n d J . v o n Liebig , M. Groger , L . Bourgeo i s , 
a n d M. L a c h a u d a n d C. Lep i e r r e o b t a i n e d i t b y fusing l ead c h r o m a t e w i t h a n a lka l i 
n i t r a t e , a n d l each ing o u t t h e so luble s a l t w i t h w a t e r . M. L a c h a u d a n d C. Lep i e r r e , 
a n d J . F . G. H i c k s a n d W . A. Craig , b y fusing a m i x t u r e of l ead ox ide a n d c h r o m a t e , 
a n d s o d i u m ch lor ide . L e a d o x y c h r o m a t e is a lso a p r o d u c t of t h e hydro lys i s of t h e 
n o r m a l c h r o m a t e w i t h w a t e r or, a c c o r d i n g t o E . F . A n t h o n , P . Grouve l le , 
J . F . G. H i c k s , C. O. W e b e r , A . H a b i c h , M. L a c h a u d a n d C. Lep ie r rc , w i t h dil . 
a lka l i - lye ; or, a cco rd ing t o F . A u e r b a c h a n d H . P i c k , w i t h 0-I iV-Na 2CO 3 . 
P . L . D u l o n g , a n d E . G u i g n e t o b t a i n e d t h e s a m e bas ic s a l t b y boi l ing l ead c h r o m a t e 
a n d c a r b o n a t e w i t h w a t e r ; M. Rosenfe ld , T. Gobe l , P . Grouve l l e , a n d J . B a d a r a s , 
b y boi l ing l ead c h r o m a t e a n d ox ide w i t h w a t e r ; a n d J . J . Rerze l ius , b y boi l ing 
l ead ox ide w i t h p o t a s s i u m c h r o m a t e a n d w a t e r . R . W e i n l a n d a n d R . S t r o h 
p r e p a r e d t h e bas ic c h r o m a t e l ead d ihydroxychromate , [ P b ( O H ) 2 ] C r O 4 , b y doub le 
d e c o m p o s i t i o n w i t h l e ad p e r c h l o r a t e a n d a so luble c h r o m a t e . T h e equ i l i b r i um 
c o n d i t i o n s were s t u d i e d b y A. J . C o x — F i g . 6 3 . Ana lyse s were r e p o r t e d b y 
D . S t r o m h o l m , M. Groger , J . F . G. H i c k s , M. L a c h a u d a n d C. Lep ie r r e , F . A u e r b a c h 
a n d H . P ick , J . B a d a m s , e t c . T h e co lour of t h i s bas i c c h r o m a t e va r i e s f rom a deep 
fiery red , coch inea l - red , sca r le t - red , o range - red , ve rmi l ion , e t c . O r a n g e - c h r o m e 
—v ide supra—is m a i n l y t h i s c o m p o u n d . I t m a y b e f o r m e d a s a n a m o r p h o u s , 
o r e r u p t i c c rys t a l l i ne p o w d e r ; a n d t h e c r y s t a l s were desc r ibed b y M. L a c h a u d a n d 
C. Lep ie r r e as p r i s m a t i c need les , wh ich , a c c o r d i n g t o L . !Bourgeois, a r c i somorpl ious 
w i t h l a n a r k i t e . F, M. J a g e r a n d H . C. G e r m s sa id t h a t i t fu rn i shes n o p o l y m o r p h i c 
t r a n s f o r m a t i o n , a n d t h a t i t m e l t s a t 920° . T h e e u t e c t i c w i t h l e a d c h r o m a t e is a t 
820° w i t h a b o u t 15 m o l a r p e r c e n t , of l e ad ox ide . M. L a c h a u d a n d C. Lep ie r r e 
sa id t h a t i t is inso luble i n w a t e r ; a n d F". A u e r b a c h a n d H . P i c k g a v e 6 X 10~~35 

for t h e so lub i l i ty p r o d u c t a t 18°. M. L a c h a u d a n d C. L e p i e r r e f o u n d t h a t a l i t r e 
of 2 i W K O H a t 15° dissolves 10-1 g r m s . ; a t 60°, 13-5 g r m s . ; a t 80° , 21-9 g r m s . ; 
a n d a t 102°, 32-1 g r m s . DiI . ac ids t r a n s f o r m i t i n t o l e a d c h r o m a t e . O b s e r v a t i o n s 
o n t h e a c t i o n of s o d i u m h y d r o c a r b o n a t e soln. , b y F . A u e r b a c h a n d H . P i ck , a rc 
s u m m a r i z e d in F i g . 56 . J . B a d a m s sa id t h a t ace t ic ac id e x t r a c t s half t h e c o n t a i n e d 
l e a d ox ide . 

R . H e r m a n n r e p o r t e d t h e occur rence of a bas ic l ead c h r o m a t e in t h e l imes tone of 
Beresowsk , Ura l s , a n d h e cal led i t m e l a n o c h r o i t e — f r o m /xcAots*, b lack ; a n d XP°°-* 
c o l o u r — b u t s ince t h e co lour of t h e m i n e r a l is r ed , n o t b lack , E . F . Glocker c h a n g e d 
t h e n a m e t o phoenicochroite—from <f>oiVLK€os, deep - r ed ; a n d ^ p d a , c o l o u r — a n d 
th i s t e r m w a s a d o p t e d b y J . F . L . H a u s m a n n , a n d J . D . D a n a . . W . H a i d i n g e r ' s 
t e r m ph&nicite is m o r e p o r t a b l e , so t o s p e a k , b u t i t is t o o m u c h like p h e n a c i t e for 
use . R . H e r m a n n ' s ana lys i s c o r r e s p o n d s w i t h l ead oxyb i schromate , 3PbO.2CrO 3 , 
P b 0 . 2 P b C r 0 4 , o r P b 8 C r 2 O 9 . W . E . D a w s o n g a v e 4 P b 0 . 3 C r 0 3 for a v a r i e t y 
o b t a i n e d f rom P r e t o r i a , T r a n s v a a l . A n a l y s e s of t h e art if icial c h r o m a t e in agree­
m e n t w i t h t h i s w e r e r e p o r t e d b y C. L i idek ing , R . W e i n l a n d a n d F . P a u l , a n d 
M. L a c h a u d a n d C. L e p i e r r e . A . D r e v e r m a n n o b t a i n e d i t t o g e t h e r w i t h t h e n o r m a l 
c h r o m a t e b y t h e slow m i x i n g b y diffusion of soln. of p o t a s s i u m c h r o m a t e a n d lead 
n i t r a t e . R . W e i n l a n d a n d F . P a u l o b t a i n e d i t b y t h e a c t i o n of s o d i u m c h r o m a t e 
soln. o n a h o t soln. of l e a d h y d r o x y c h l o r a t e . A . C. Becque re l o b t a i n e d i t b y elec­
t ro lys i s , t h r o u g h a c o n n e c t i n g c a p i l l a r y t u b e , of soln. of p o t a s s i u m d i c h r o m a t e 
a n d p l u m b a t e ; b y t h e e l ec t rocap i l l a ry a c t i o n of t h e s a m e t w o soln. s e p a r a t e d 
b y a col lodion or p a p e r p a r t i t i o n ; b y t h e long c o n t i n u e d a c t i o n of a soln. of p o t a s ­
s i u m c h r o m a t e on c h a l k p r e v i o u s l y boi led w i t h a cone . soln. of l ead n i t r a t e ; a n d 
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b y t h e ac t ion for several y e a r s of a P t - P b - c o u p l e on a cone . soln . of c h r o m i c ch lor ide 
a n d ch ina c lay. N . S. Manross , a n d M. L a c h a u d a n d C. L e p i e r r e o b t a i n e d i t b y 
h e a t i n g a t a r e d - h e a t a m i x t u r e of l ead c h r o m a t e a n d m o l t e n s o d i u m ch lor ide ; 
S. Meunier , b y t h e ac t ion of a soln. of p o t a s s i u m d i c h r o m a t e on g a l e n a ; a n d 
C. Li ideking, b y a l lowing a soln. of l e ad c h r o m a t e in cone , p o t a s h - l y e t o s t a n d 
for some m o n t h s exposed t o a i r . F . M. J a g e r a n d H . C. G e r m s o b s e r v e d n o sign 
of th i s c o m p o u n d in t he i r s t u d y of t h e s y s t e m P b O - P b C r O 4 ; n o r w a s A. J . Cox 
m o r e successful in his s t u d y of t h e s y s t e m : P b O - C r O 3 - H 2 O . J . F . G. H i c k s , 
however , sa id t h a t h e o b t a i n e d i t f rom fused m i x t u r e s of l e ad ox ide a n d c h r o m a t e 
in a m o l t e n equ imola r m i x t u r e of p o t a s s i u m a n d s o d i u m n i t r a t e s . Acco rd ing t o 
R . H e r m a n n , m e l a n o c h r o i t e is co loured h y a c i n t h - r e d or cochinea l - red , a n d i t 
becomes lemon-yel low on e x p o s u r e t o a i r . I t occurs in mass ive , a n d also in t a b u l a r 
c rys t a l s t h o u g h t t o be r h o m b i c . T h e s p . gr . is 3-0 t o 3-5, a n d t h e h a r d n e s s 5-75. 
A . D r e v e r m a n n descr ibed i t a s fo rming r h o m b i c p l a t e s co loured l ike p o t a s s i u m 
fer r icyanide ; A. C. Becquere l , a s o range- red , d o u b l y re f rac t ing need les ; a n d 
N . S. Manross , a s deep red , h e x a g o n a l p r i s m s . M. L a c h a u d a n d C. Lep i e r r e sa id 
t h a t t h e red, r h o m b i c c rys ta l s h a v e a sp . gr . 5-81 ; A. D r e v e r m a n n found t h a t 
t h e sa l t does n o t dissolve as r ead i ly a s t h e n o r m a l c h r o m a t e in a soln. of p o t a s s i u m 
h y d r o x i d e . Cone, n i t r i c acid c h a n g e s i t i n t o chrome-ye l low. 

M. Groger r e p o r t e d a m m o n i u m lead Chromate, (NH 4 )SPb(CrO 4 J 2 , b y d r o p p i n g 
50 c.c. of a cold, s a t . soln. of a m m o n i u m c h r o m a t e i n t o 10 c.c. of a cone . soln. of 
l e ad a c e t a t e , a n d al lowing t h e v o l u m i n o u s , ye l low, a m o r p h o u s p r e c i p i t a t e t o s t a n d 
for some weeks in c o n t a c t w i t h t h e m o t h e r - l i q u o r . M. L a c h a u d a n d C. Lep i e r r e 
o b t a i n e d microscopic , hexagona l p l a t e s of l i t h i u m lead c h r o m a t e , L i 2 P b ( C r 0 4 ) 2 , 
b y h e a t i n g freshly p r ec ip i t a t ed l ead c h r o m a t e w i t h a v e r y c o n e , n e u t r a l soln. of 
l i t h i u m c h r o m a t e for 8 h r s . in a sealed t u b e a t 140° ; a n d b y m e l t i n g lead c h r o m a t e 
w i t h l i t h i u m n i t r a t e when some lead o x y c h r o m a t e is fo rmed a t t h e s a m e t i m e . 
A bas ic sa l t could n o t be p r e p a r e d . N o r m a l s o d i u m lead c h r o m a t e , N a 2 P b ( C r 0 4 ) 2 , 
w a s o b t a i n e d in a s imi lar w a y . T h e yel low p r i s m s or p l a t e s a r e soluble in w a t e r . 
B y h e a t i n g lead c h r o m a t e , l ead o x y c h r o m a t e a n d s o d i u m c h r o m a t e i n m o l t e n 
s o d i u m n i t r a t e , o range , microscopic p r i sms of s o d i u m lead d ioxybischromate , 
2 P b O . N a 2 P b ( C r 0 4 ) 2 , a re p r o d u c e d . M. B a r r e o b t a i n e d p o t a s s i u m lead c h r o m a t e , 
K 2 P b ( C r O 4 J 2 , f rom soln. of p o t a s s i u m c h r o m a t e a n d l ead c h r o m a t e ; L . Bourgeo is , 
a n d M. L a c h a u d a n d C. Lep ie r re , o b t a i n e d i t b y h e a t i n g l e a d c h r o m a t e , or a m i x t u r e 
of l ead c h r o m a t e a n d p o t a s s i u m c h r o m a t e in m o i t e n p o t a s s i u m n i t r a t e for 3 h r s . ; 
a n d M. Groger , b y s h a k i n g 50 c.c. of a n a l m o s t s a t . soln. of p o t a s s i u m c h r o m a t e 
w i t h 10 c.c. of a cone . soln. of p o t a s s i u m a c e t a t e — w i t h l e ad n i t r a t e some h y d r o x y -
n i t r a t e is fo rmed as well . T h e yel low, h e x a g o n a l p l a t e s m e l t in a crucible over t h e 
b u n s e n f lame. T h e sa l t is inso luble in w a t e r a n d in a lcohol ; a n d w i t h d i l . ac ids , 
l ead c h r o m a t e is fo rmed . Accord ing t o M. B a r r e , t h e sa l t is d e c o m p o s e d b y w a t e r , 
p o t a s s i u m c h r o m a t e pass ing i n t o soln. , b u t w i t h t h e following p r o p o r t i o n s of p o t a s ­
s i u m c h r o m a t e i n 1OO p a r t s of w a t e r , t h e sa l t is insoluble a t t h e t e m p , i n d i c a t e d : 

10° 27-5° 37-5° 50° 70° 100° 
K 2 CrO 4 . . 8 95O 8 0 7 7 7-629 7*150 6-145 4-940 

C. I m m e r w a h r sa id t h a t t h e e l ec t rode p o t e n t i a l of l ead a g a i n s t l e ad c h r o m a t e 
s u s p e n d e d i n 2 M - K 2 C r O 4 is 0-536 v o l t . M. Groger sa id t h a t t h e monohydrate, 
K 2 P b ( C r O 4 J 2 - H 2 O , is f o rmed b y t h e a c t i o n of l ead c h r o m a t e on p o t a s s i u m a c e t a t e 
soln. , o r of p o t a s s i u m c h r o m a t e o n l e ad a c e t a t e soln. M. L a c h a u d a n d C. Lep i e r r e 
o b t a i n e d po tas s ium lead d ioxychromate , 2 P b O . K 2 P b ( C r 0 4 ) 2 , in o r a n g e p r i s m s b y 
t h e m e t h o d u s e d for t h e s o d i u m sa l t . M. L a c h a u d a n d C. Lep i e r r e a l so p r e p a r e d 
barium, strontium, and calcium lead chromates by the method used for the alkali 
sa l t s . F o r copper l ead Chromate, vide infra, v auque l i n i t e . A. B r e i t h a u p t desc r ibed 
a rn ine ra l f rom BerezofF, U r a l s , a s occur r ing in o range-ye l low c rys t a l s—poss ib ly z i n c 
l ead c h r o m a t e . T h e m i n e r a l w a s ca l led josso i te . I t s s p . gu, is 5-2 ; a n d i t s 
h a r d n e s s 3 . 
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BL,O 3 -CrO 3 -H 2 O a t 25°. 

: 1 -compound wi th 
i m p u r e 1 : 2 : 1 or 

S. H . C. Br iggs 2^ h e a t e d 3-5 g r m s . of a n t i m o n y oxychlor ide , 2SbOOLSb 2 O 3 , 
w i t h 6 g r m s . of c h r o m i c t r i ox ide a n d 6 c.c. of w a t e r in a sealed t u b e for 4 h r s . a t 
200°. T h e t u b e c o n t a i n e d a s t raw-ye l low sub l ima te , a n d a n orange-yel low depos i t 
in spher ica l , c rys ta l l ine aggrega tes , insoluble in wa te r , a n d slowly soluble in n i t r i c 
acid—vide supra, a n t i m o n y c h r o m i t e . T h e compos i t ion a p p r o x i m a t e d 
tetroxybischr ornate, 3SbO 2 . 2CrO 3 , or Sb3O4(CrO4J2 . A l though n o r m a l 
c h r o m a t e , B i 2 (Cr0 4 ) 3 , h a s n o t been p r e p a r e d , K . P re i s 
a n d B . !Rayman o b t a i n e d w h a t t h e y r e g a r d e d as 
potassium bismuth chromate, 4K2CrO4.Bi2(Cr04)3, 
b y m i x i n g a soln. of 2 mols of b i s m u t h n i t r a t e w i t h 
a soln. of 9 mols of p o t a s s i u m c h r o m a t e . T h e p r e ­
c ip i t a t e is non-crys ta l l ine . J . Mi lbauer o b t a i n e d on ly 
a 6-3 p e r cen t , convers ion t o c h r o m a t e w h e n a m i x ­
t u r e of b i s m u t h ox ide or c a r b o n a t e a n d ch romic 
oxide was h e a t e d t o 480° in o x y g e n a t 12 a t m . press . 
A n u m b e r of bas ic sa l t s h a s been r epo r t ed , w i t h 
B i 2 O 3 : C rO 3 : H 2 O = 3 : 1 : 0 ; 3 : 2 : 0 ; 1 : 1 : 0 ; 
1 : 2 : 1 ; 5 : 1 1 : 6 ; a n d 3 : 7 : 0 . Of these , A. J . Cox 
recognized on ly t h e 1 : 2 : 1 - compound—the 1 : 4 : 1-
c o m p o u n d m a y b e a bas ic d i c h r o m a t e . T h e 
5 : 11 : 6 -compound , r e p o r t e d b y M. M. P . Muir t o 
be fo rmed b y t h e p r o t r a c t e d boil ing of t h e 1 : 4 : 1-
c o m p o u n d w i t h dil . n i t r i c acid, is cons idered b y 
A. J . Cox t o be a n i m p u r e 1 : 2 : 1 -compound ; a n d 
a s imi lar r e m a r k appl ies t o t h e 3 : 7 : 0 - c o m p o u n d 
r e p o r t e d b y M. M. P . Muir t o be fo rmed b y h e a t i n g t h e 1 : 4 
cone, n i t r i c ac id . T h e o t h e r bas ic sa l t s a re supposed t o b e 
1 : 4 : 1-compounds or m i x t u r e s of these . T h e resu l t s of A . J . Cox 's exami ­
n a t i o n of t h e t e r n a r y s y s t e m : B i 2 O 3 - C r O 3 - H 2 O a t 25° a r e s u m m a r i z e d in 
F i g . 64. If t h e soln. a t 25° h a s a smal le r cone , t h a n 7-80 mols of C r O 3 pe r l i t re , 
t h e 1 : 4 : 1-compound is h y d r o l y z e d a n d i t passes i n t o t h e 1 : 2 : 1-compound, 
which is s t ab l e even w h e n t h e soln. is a l m o s t p u r e wa te r . S. H . C. Br iggs d id n o t 
succeed in m a k i n g a b i s m u t h ch roma te—v ide supra, b i s m u t h c h r o m i t e . 

W . S c h m i d r e p o r t e d t h e 3 : 1 : 0 - c o m p o u n d or 3Bi 2 O 3 -CrO 3 , wh ich m a y be 
bi smuthy l or thochromate , (BiO) 6 CrO 6 . I t is sa id t o be fo rmed b y boi l ing b i s m u t h y l 
h y d r o x i d e w i t h a cone . soln. of p o t a s s i u m c h r o m a t e . T h e h e a v y , pa le orange 
p o w d e r is w a s h e d w i t h boil ing w a t e r . I t c a n b e h e a t e d t o r edness w i t h o u t decom­
pos i t ion . J . L16we p r e p a r e d t h e 3 : 2 : O-compound—poss ib ly b i s m u t h y l paradi-
C h r o m a t e , ( B i O ) 3 ^ C r O - O — C r O ^ ( B i O ) 3 — b y p o u r i n g a soln. of b i s m u t h n i t r a t e , 
con t a in ing as l i t t l e free n i t r i c acid a s possible , i n t o a n excess of a soln. of p o t a s s i u m 
c h r o m a t e , a n d wash ing t h e p r o d u c t w i t h h o t w a t e r . W . Schmid ob t a ined i t b y 
h e a t i n g t h e 1 : 2 : 1 -compound w i t h m o l t e n p o t a s s i u m n i t r a t e , a n d leaching t h e 
soluble sa l t s f rom t h e cold p r o d u c t w i t h w a t e r ; a n d M. M. P . Muir , b y boil ing t h e 
5 : 11 : 6- or t h e 3 : 7 : 0 - c o m p o u n d w i t h po t a sh - lye . A . J . Cox r ega rded th i s 
p r o d u c t a s a m i x t u r e of b i s m u t h ox ide a n d t h e 1 : 2 : 1-compound. J . Lowe said 
t h a t t h e lemon-yel low, micro-crys ta l l ine p o w d e r c o n t a i n s on ly one pe r cen t , of 
w a t e r w h e n dr ied a t 110°. I t c a n be h e a t e d t o r edness w i t h o u t me l t ing or w i t h o u t 
decompos i t ion . I t is insoluble in cold or h o t w a t e r ; i t is freely soluble in a n excess 
of di l . hydroch lo r i c or n i t r i c ac id , b u t if t h e ac id b e n o t in excess, t h e 1 : 2 : 1 -
c o m p o u n d is fo rmed. W h e n boi led w i t h dil . soda- lye , i t forms a b r i g h t r ed basic 
sa l t . " B i s m u t h c h r o m a t e , " sa id A. N a u m a n n , " i s insoluble in a c e t o n e . " 

M. M. P . Muir r e p o r t e d t h e 1 : 1 : 0 -compound , b i smuthyl chromate , Bi2O3-CrO3 , 
or (BiO) 2 CrO 4 , t o be fo rmed b y t r e a t i n g a soln. of b i s m u t h n i t r a t e w i t h a n excess 
of p o t a s s i u m c h r o m a t e or d i c h r o m a t e , a n d , af ter t h e add i t i on of a few d rops of ni tr ie 
acid, boi l ing t h e m i x t u r e for a few h o u r s un t i l i t is t r a n s f o r m e d in to a red powder . 
T h e p r o d u c t is washed w i t h h o t w a t e r , a n d d r i ed a t 100°. I t is also ob ta ined b y 
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boi l ing t h e 1 : 2 : 1 -compound w i t h a soln. of p o t a s s i u m d i c h r o m a t e a n d h y d r o x i d e . 
T h e vermi l ion-co loured p o w d e r cons is t s of microscopic need les . I t does n o t 
decompose w h e n h e a t e d in a c ruc ib le ove r t h e bunsen- f lame , b u t w h e n s t r o n g l y 
h e a t e d i t becomes d a r k b r o w n ; i t is inso luble i n w a t e r , so luble in di l . hyd roch lo r i c 
acid, b u t n o t so soluble in di l . n i t r i c o r su lphu r i c ac id . Boi l ing soda- lye c o n v e r t s 
p a r t of i t i n t o t h e 3 : 1 : 0 - c o m p o u n d , a n d p a r t is d issolved. 

J . LiOwe p o u r e d a n e a r l y n e u t r a l soln. of b i s m u t h n i t r a t e i n t o a n excess of a 
w a r m soln. of p o t a s s i u m d i c h r o m a t e a n d boi led t h e m i x t u r e for s o m e t i m e . T h e 
p r o d u c t , w a s h e d w i t h w a t e r a n d d r i e d a t 140°, cons i s ted of B i 2 O 3 . 2CrO 3 , or 
Bi 2 O 3 .2CrO 3 , t h a t is , bismuthyl dichromate, (B iO) 2 Cr 2 O 7 , or b i s m u t h h y d r o x y -
c h r o m a t e , B i (OH)CrO 4 . M. M. P . Muir , W . Schmid , a n d K . P r e i s a n d B . R a y m a n 
also p r e p a r e d t h i s sa l t . R . W . P e a r s o n o b t a i n e d a p r o d u c t b y a s imi lar process , 
b u t r e g a r d e d i t as t h e 1 : 1 : O-compound. F . Nol le also p r e p a r e d a s imi lar sa l t . ' 
A. J . Cox showed t h a t t h i s c o m p o u n d is p r o d u c e d b y t h e hydro lys i s of t h e 1 : 4 : 0 -
c o m p o u n d — F i g . 64. A t 25°, t h e sa l t is s t ab le in t h e p re sence of w a t e r c o n t a i n i n g 
n o t less t h a n O-OOOOl mol of ch romic ac id p e r l i t r e . J . L o w e o b t a i n e d i t b y t h e 
a c t i o n of minera l ac ids on t h e 1 : 1 : O-compound ; W . S c h m i d , b y boi l ing b i s m u t h y l 
h y d r o x i d e w i th a n excess of a soln. of c h r o m i c ac id ; a n d M. M. P . Mui r , b y t h e 
ac t ion of dil . n i t r i c ac id on t h e 1 : 4 : 1 -compound. J . L o w e , W . S c h m i d , a n d 
A. J . Cox supposed t h e sa l t t o be a n h y d r o u s ; a n d M. M. P . Muir , h y d r a t e d . 
T h e a n h y d r o u s sa l t consis ts of m i n u t e , orange-yel low scales, w h i c h d e c o m p o s e 
a t a r e d - h e a t ; and a re insoluble in h o t or cold w a t e r , b u t soluble in di l . m i n e r a l 
acids . 

M. M. P . Muir p r e p a r e d t h e 1 : 4 : 1 c o m p o u n d — b i s m u t h hydroxy dichromate, 
Bi 2 O 3 . 4CrO 3 .H 2 O, or else b i smuthy l quaterochromate , B i O . 6 . C r O 2 . 0 . C r O 2 . 0 . 
C r O 2 . 0 . C r O 2 . 0 . B i O , w i t h o u t c o m b i n e d w a t e r — b y boi l ing t h e 1 : 1 : O-compound 
•with a l i t t le cone, n i t r i c ac id . A. J . Cox o b t a i n e d i t b y t h e ac t ion of ch romic 
acid on b i s m u t h oxide p r o v i d e d t h e soln. c o n t a i n s a t l eas t 7*8 mols of C r O 3 p e r l i t re 
a t 25°—Fig . 64. T h e sa l t is w a s h e d w i t h a s imi lar soln. of c h r o m i c ac id . T h e 
sa l t p r e p a r e d b y A. J . Cox w a s n o t h y d r a t e d ; M. M. P . Mui r ' s p r o d u c t w a s sa id 
t o be t h e m o n o h y d r a t e w h e n d r i ed a t 100° ; b u t A. J . Cox sa id t h a t i t w a s n o t com­
p le te ly dr ied . M. M. P . Mui r found t h a t t h e w a t e r is expel led a t 200 0 -250° . T h e 
smal l r u b y - r e d c rys t a l s a r e monocl in ic p r i s m s which d e c o m p o s e w h e n s t rong ly 
h e a t e d , forming a r edd i sh v a p o u r a n d a g reen res idue . I t is insoluble in h o t a n d 
cold w a t e r ; b u t i t dissolves freely in mine ra l ac ids ; w i t h cone, hydroch lo r i c acid, 
ch lor ine is evo lved . I t forms a pa le o range p r o d u c t when boi led for a long t i m e 
w i t h dil . n i t r i c ac id . 

T h e v a n a d i u m chromates h a v e been d iscussed in connec t ion w i t h t h e c h r o m i u m 
v a n a d a t e s . Accord ing t o C. W . B l o m s t r a n d , 2 7 a n a q . soln. of c o l u m b i u m o x y -
chlor ide gives a yel low, g r a n u l a r p r e c i p i t a t e of c o l u m b i u m ehxomate w h e n i t is 
t r e a t e d w i t h p o t a s s i u m c h r o m a t e . 

T h e so-called c h r o m i u m c h r o m a t e s h a v e been discussed in connec t ion w i t h 
t h e ox ides C r 5 O 9 , or 2Cr 2 O 3 -CrO 3 ; C r 8 O 1 5 , or 3 C r 2 0 3 . 2 C r 0 3 ; C rO 2 , or 
Cr 2 O 3 -CrO 3 ; Cr 4 O 9 , or C r 2 0 3 . 2 C r 0 3 ; C r 6 O 1 2 , or C r 2 0 3 . 3 C r 0 3 ; a n d C r 6 O 1 2 , or 
Cr 2 O 3 .4Cr O 3 . H . J . S. K i n g p r e p a r e d chromic h y d r o x y p e n t a m m i n o -
Chromate, [Cr (NH 3 ) 5 (OH)]CrO 4 , b y t h e ac t ion of t h e chlor ide of t h e base in 
a m m o n i a c a l soln. on a m m o n i u m c h r o m a t e . O. T . Chr is tensen 2 8 p r e p a r e d c h r o m i c 
n i t r i topentamminochromate , [ C r ( N H 3 ) 5 ( N 0 2 ) ] C r 0 4 , b y t r e a t i n g t h e co r r e spond ing 
ch lor ide w i t h a cold, s a t . soln. of p o t a s s i u m c h r o m a t e . T h e sa l t fo rms smal l , 
ye l low c rys t a l s , spa r ing ly soluble in w a t e r ; a n d t h e y exp lode l ike g u n p o w d e r 
w h e n h e a t e d . A. H i e n d l m a y r p r e p a r e d chromic f luopentamminochromate , 
[ C r ( N H 3 ) 5 F ] C r 0 4 , b y t h e a c t i o n of p o t a s s i u m c h r o m a t e on a soln. of t h e ch lor ide of 
t h e ser ies . S. M. J o r g e n s e n p r e p a r e d c h r o m i c chloropentani i i i inochroinate , 
[ C r ( N H 3 ) 5 C l ] C r 0 4 , b y t r e a t i n g t h e co r re spond ing chlor ide or n i t r a t e w i t h p o t a s s i u m 
c h r o m a t e , a n d , a f te r filtration, w a s h i n g t h e p r o d u c t w i t h cold w a t e r . T h e mic ro -
sconic , r h o m b i c p l a t e s a r e soluble i n w a t e r . P . T . Cleve o b t a i n e d c h r o m i c a q u o -



CHROMIUM 307 

c h l o r o t e t r a m m i n o c h r o m a t e , [Cr (NHa) 4 )H 2 O)Cl]CrO 4 , f rom a soln. of t h e cor re­
s p o n d i n g ch lor ide b y t h e a d d i t i o n of p o t a s s i u m c h r o m a t e . T h e b rowni sh -b lack 
p o w d e r d e c o m p o s e s w h e n h e a t e d . S. M. J o r g e n s e n o b t a i n e d c h r o m i c b r o m o p e n t a m -
m i n o c h r o m a t e , [ C r ( N H 3 ) 5 B r ] C r 0 4 , f rom a cold s a t . soln. of t h e n i t r a t e b y t h e 
a d d i t i o n of 2V-K2CrO4 . T h e b r o w n i s h - r e d p r o d u c t fo rms t h e ch lor ide w h e n t r e a t e d 
w i t h hyd roch lo r i c ac id . H e also p r e p a r e d chromic oxyaquotr ihydroxyhexa inmino-
c h r o m a t e , [ C r 2 ( 0 4 H 5 ) ( N H 3 ) 6 ] 2 ( C r 0 4 ) 3 . 5 H 2 0 , or 

H N H 8 I 2 (NH3)4-1 
(H2O) Cr-O-Cr(OH) (Cr0 4 ) s ,5H 2 0 

L(HO)2 J 2 

by t h e a c t i o n of p o t a s s i u m c h r o m a t e in excess on a soln. of t h e chlor ide . T h e 
microscopic , r e d d i s h - b r o w n , r h o m b i c p l a t e s a r e spa r ing ly soluble in w a t e r . 
P . PfeifEer and W. Vorster prepared chromic hexaethylenediaminohexahydroxy-
c h r o m a t e , [ C r 4 ( O H ) 6 ( e n ) 6 ] ( C r 0 4 ) 3 . 5 H 2 O , f rom a soln . of t h e ch lor ide a n d a cone , 
soln . of p o t a s s i u m c h r o m a t e . T h e b r o w n i s h - r e d c o m p o u n d is d e c o m p o s e d b y a 
p r o l o n g e d boi l ing w i t h w a t e r . W . J . Sell p r e p a r e d c h r o m i c h e x a c a r b a m i d o -
c h r o m a t e , [ C r ( C O N 2 H 4 ) 6 ] ( C r 0 4 ) 3 . 4 H 2 0 . 

J . J . Berze l ius 2 9 o b t a i n e d a bas ic m o l y b d e n u m c h r o m a t e b y a d d i n g p o t a s s i u m 
c h r o m a t e t o a soln. of m o l y b d e n u m chlor ide ; a n d a n o t h e r bas ic s a l t as a p re ­
c i p i t a t e b y a d d i n g a m m o n i a t o a so ln . of t h e d i c h r o m a t e . T h e p a l e yel low soln. 
w h e n s p o n t a n e o u s l y e v a p o r a t e d furnishes w h i t e or ye l lowish-whi te ac icu la r or sca ly 
c r y s t a l s wh ich a re efflorescent. A. A t t e r b e r g p r e p a r e d m o l y b d o u s te trabromo-
c h r o m a t e , [Mo 3 Br 4 ]CrO 4 . If a soln. of m o l y b d o u s t e t r a b r o m o d i h y d r o x i d e in 
a lka l i - lye be t r e a t e d w i t h p o t a s s i u m d i c h r o m a t e , n o p r e c i p i t a t e is fo rmed ; b u t if 
a n ac id , s a y ace t i c ac id , b e a l so a d d e d , t h e soln. b e c o m e s d a r k red , a n d a d a r k 
p u r p l e - b r o w n p o w d e r is p r e c i p i t a t e d . T h e c o m p o u n d d e c o m p o s e s w h e n h e a t e d . 
I t is inso luble in d i l . ac ids , b u t so luble in h o t , cone , h y d r o c h l o r i c ac id . I t is 
d e c o m p o s e d b y a lkal i - lye ; a n d i t is insoluble or spa r ing ly soluble m soln. of 
a lka l i c h r o m a t e s . F o r t u n g s t e n c h r o m a t e s , see c h r o m i u m t u n g s t a t e s . 

Acco rd ing t o H . Moser , a n d J . J . Berze l ius , p o t a s s i u m c h r o m a t e gives a n ochre-
ye l low p r e c i p i t a t e w i t h u r a n y l n i t r a t e ; a n d C F . R a m m e l s b e r g o b t a i n e d a prec ip i ­
t a t e w i t h u r a n i u m t e t r a c h l o r i d e a n d p o t a s s i u m c h r o m a t e — v i d e supra, u r a n i u m 
c h r o m i t e ; whi le J . F . J o h n o b s e r v e d t h a t a soln. of ye l low u r a n i c c a r b o n a t e in 
c h r o m i c ac id depos i t s r ed , cub ic a n d d e n d r i t i c c rys t a l s , w h i c h fuse w i t h p a r t i a l 
d e c o m p o s i t i o n a t a r e d - h e a t . Acco rd ing t o N . A . Orloff, a s a t . soln . of u r a n i u m 
t r i ox ide i n c h r o m i c ac id , y ie lds , on e v a p o r a t i o n , yel low needles of n o r m a l uranyl 
Chromate, ( U 0 2 ) C r 0 4 . 3 H 2 0 . A t 15°, 1OO p a r t s of w a t e r dissolve 7*52 p a r t s of t h e 
trihydrate fo rming a p u r e ye l low soln. , wh ich , o n e v a p o r a t i o n a t 100°, g ives a n 
a m o r p h o u s , b r o w n m a s s , soluble in w a t e r t o a b r o w n soln. U r a n y l c h r o m a t e dis­
solves s lowly in a lcohol a t t h e o r d i n a r y t e m p . ; t h i s soln. decomposes on boi l ing, 
a lso w h e n exposed t o t h e a c t i o n of sun l igh t , w i t h t h e s e p a r a t i o n of a b r o w n prec ip i ­
t a t e . T h e f i l t ra te f rom t h i s p r e c i p i t a t e w h e n e v a p o r a t e d t o d r y n e s s y ie lds a n 
a m o r p h o u s , b r o w n m a s s , p a r t i a l l y soluble in w a t e r ; i t p r o b a b l y cons is t s of a 
m i x t u r e of u r a n y l c h r o m a t e a n d c h r o m o u s u r a n a t e . Acco rd ing t o J . F o r m a n e k , 
t h e henahydrate, ( U O 2 ) C r O 4 - I l H 2 O , o b t a i n e d b y dissolving t h e h y d r o x i d e in a n 
a q . soln . of c h r o m i c ac id a n d c o n c e n t r a t i n g t h e fi l tered soln. on t h e w a t e r - b a t h , 
c rys ta l l i zes f rom boi l ing w a t e r in yel low needles , effloresces o n e x p o s u r e t o t h e air , 
a n d loses t h e who le of i t s w a t e r a t 200° ; on ly si lver, l ead , m e r c u r o u s , a n d b i s m u t h 
s a l t s p r o d u c e p r e c i p i t a t e s in i t s a q . soln. I n p r e c i p i t a t i n g c h r o m i c ac id as m e r c u r o u s 
c h r o m a t e , i n p re sence of u r a n i u m sa l t s , t h e m e r c u r o u s n i t r a t e e m p l o y e d m u s t be 
free f rom oxides of n i t rogen , a n d t h e soln. m u s t b e s l ight ly acidic ; o therwise some 
of t h e u r a n i u m s a l t is a lso p r e c i p i t a t e d . J . Aloy gave —6-3 CaIs. for t h e h e a t of soln. 
of a m o l of t h i s s a l t i n 1000-2500 mols of w a t e r a t 18° -20° . Accord ing t o 
N . A . Orloff, w h e n p o t a s s i u m c h r o m a t e is a d d e d t o a n a q . soln. of u r a n y l c h r o m a t e , 
the basic salt, yellow uranyl oxybischromate, UO3.2UO2CrO4.8H2O, or 
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(UO 2 )^O(CrO 4 J 2 . 8H 2 O, is fo rmed ; a n d if u r a n y l a c e t a t e is s imi la r ly t r e a t e d , u r a n y l 
o x y c h r o m a t e , U 0 3 . U 0 2 C r 0 4 . 6 H 2 0 , or ( U 0 2 ) 2 0 ( C r 0 4 ) . 6 H 2 0 , is fo rmed . H e 
a d d e d t h a t t h e fo rma t ion of t h e bas ic sa l t s i nd i ca t e s t h a t in soln. u r a n y l ch ro rna t e 
b e h a v e s l ike a m i x t u r e of u r a n i c a n d c h r o m i c ac ids . S. H . C. Br iggs o b t a i n e d a 
complex , 2TJO3 .3CrO3 .2Py, w i t h p y r i d i n e . 

J . Formanek observed t h a t yellow plates of ammonium uranyl chromate, 
( N H 4 J 2 C r O 4 . 2 ( U O 2 ) C r O 4 . 6 H 2 O , a r e p r o d u c e d b y mix ing a soln. of a mo l of u r a n y l 
n i t r a t e w i t h a soln. of a m o l of a m m o n i u m c h r o m a t e , a n d e v a p o r a t i n g t h e l i quo r 
over su lphur i c ac id ; t h e s a m e sa l t is o b t a i n e d b y t r e a t i n g a m m o n i u m u r a n a t e 
w i t h a w a r m , cone . soln. of c h r o m i c acid, a n d e v a p o r a t i n g t h e fi l tered l iqu id ove r 
s u l p h u r i c ac id . T h e yel low, monocl in ic c rys t a l s of t h e hexahydrate h a v e t h e ax ia l 
r a t i o s a : b : c = O 8 0 1 6 : 1 : 1-0196, a n d £ = 7 2 ° 3 1 ' . T h e sa l t is p a r t i a l l y d e c o m ­
posed b y boi l ing w a t e r . I n some cases, p r o b a b l y owing t o a v a r i a t i o n of t e m p . , 
o r ange - r ed c rys t a l s of a trihydrate "were fo rmed . J . F o r m a n e k o b t a i n e d p o t a s s i u m 
urany l c h r o m a t e , K 2 C r O 4 . 2 U O 2 C r O 4 . 6 H 2 O , b y a process a n a l o g o u s t o t h a t e m p l o y e d 
for t h e a m m o n i u m sa l t . T h e ax ia l r a t i o s of t h e yel low, monocl in ic p l a t e s or p r i s m s 
were a : b : c = 0 - 7 5 6 6 : 1 : 0-9714, a n d / 8 = 1 0 7 ° 22 ' . T h e sa l t is soluble in a c i d u l a t e d 
w a t e r , a n d i t is decomposed b y boil ing w a t e r . J . W i e s n e r r e p o r t e d a n u m b e r of 
c o m p l e x p o t a s s i u m sa l t s a r e fo rmed b y p r e c i p i t a t i o n f rom m i x t u r e s of u r a n y l n i t r a t e 
a n d p o t a s s i u m c h r o m a t e , viz., K 4 ( U 0 2 ) 3 ( C r 0 4 ) 5 . 7 H 2 0 ; K 6 (UO 2 U(CrO 4 ) 7 . 7 H 2 O ; 
K 2 ( U O 2 ) . ( C r 0 4 ) 2 . H 2 0 ; a n d K 2 C r 2 0 7 . 3 ( U 0 2 ) C r 0 4 . 1 4 H 2 0 . J . F o r m a n e k , H . B u r g e r , 
a n d E . R i m b a c h o b t a i n e d yel low c rys t a l s of s o d i u m urany l c h r o m a t e , 
N a 2 C r O 4 . 2 U O 2 C r O 4 . 1 0 H 2 O , b y a process a n a l o g o u s t o t h a t e m p l o y e d for t h e 
a m m o n i u m sa l t . T h e sa l t is freely so luble in w a t e r , w i t h o u t d e c o m p o s i t i o n . 
J . F o r m a n e k o b t a i n e d s i lver uranyl c h r o m a t e a s a ve rmi l ion p r e c i p i t a t e b y t r e a t i n g 
a soln. of u r a n y l c h r o m a t e w i t h si lver n i t r a t e . Un l ike J . F o r m a n e k , B . Sz i l a rd w a s 
u n a b l e t o d e t e c t a n y decompos i t ion of s i lver u r a n y l c h r o m a t e in l igh t e v e n a f te r 
seve ra l d a y s ' exposu re . J . F o r m a n e k p r e p a r e d m e r c u r o u s urany l c h r o m a t e in a 
similar manner ; so also lead uranyl chromate ; and bismuth uranyl chromate. 

Accord ing t o J . F . J o h n , 3 0 a n a q . soln. of ch romic ac id s lowly dissolves m a n ­
ganese w i t h t h e evo lu t ion of h y d r o g e n ; m a n g a n o u s oxide a n d c a r b o n a t e a r e a lso 
d isso lved b y t h e acid forming, p r e s u m a b l y , soln. of m a n g a n o u s c h r o m a t e . T h e 
soln . h a s a n acidic r eac t ion a n d a p u n g e n t , meta l l i c t a s t e , a n d a f te r r e p e a t e d e v a p o r a ­
t i on i t depos i t s n e a r l y all t h e m a n g a n e s e in a h igher s t a t e of o x i d a t i o n . T . T h o m s o n 
sa id t h a t p o t a s s i u m c h r o m a t e or d i c h r o m a t e does n o t give a p r e c i p i t a t e w i t h 
m a n g a n o u s sa l t s i m m e d i a t e l y , b u t a f ter some t i m e , especial ly w i t h t h e c h r o m a t e , a 
b r o w n i s h - b l a c k p r e c i p i t a t e is p r o d u c e d . Acco rd ing t o U . A n t o n y a n d U . Pao l i , 
if excess of a lka l i h y d r o x i d e be a d d e d t o a soln. c o n t a i n i n g a c h r o m i u m a n d a 
m a n g a n e s e sa l t in t h e p r o p o r t i o n M n : 8Cr(O = 16), n o p r e c i p i t a t e is o b t a i n e d , b u t 
t h e l iqu id is co loured e m e r a l d g reen a n d m u s t be r e g a r d e d a s a colloidal soln . of 
t h e h y d r o x i d e s of c h r o m i u m a n d m a n g a n e s e , s ince t h i s b e h a v i o u r is e x h i b i t e d o n l y 
w h e n t h e sa l t s a r e p r e s e n t i n e x a c t l y t h e a b o v e r a t i o . C h r o m i u m be ing t e r v a l e n t 
a n d h a v i n g b o t h a n ac id a n d bas ic func t ion , whi l s t m a n g a n e s e is b i v a l e n t a n d 
dec ided ly me ta l l i c i n i t s p r o p e r t i e s , i t is in fe r red t h a t t h e y ex i s t in t h i s soln. in t h e 
fo rm of a sa l t , a n e l ec t ro ly te , w h i c h m u s t be e i the r a m a n g a n o u s c h r o m i t e or 
p o l y c h r o m i t e . W h e n t h i s l iqu id is e x p o s e d t o t h e air , or, b e t t e r , w h e n o x y g e n is 
pa s sed t h r o u g h i t , i t q u i c k l y t u r n s b r o w n b u t r e m a i n s free f rom p r e c i p i t a t e . T h e 
e l e m e n t u n d e r g o i n g t h e o x i d a t i o n is t h e m a n g a n e s e wh ich becomes q u a d r i v a l e n t ; 
t h e roles of t h e t w o e l e m e n t s t h u s b e c o m e i n t e r c h a n g e d a n d a m o r e or less bas ic 
c h r o m i u m r n a n g a n i t e is fo rmed . T h e c h r o m i u m h y d r o x i d e n o w beg ins t o u n d e r g o 
o x i d a t i o n a n d t h e a m o u n t of c h r o m a t e f o r m e d i n t h e soln. increases u n t i l a b o u t 
60 p e r cen t , of t h e c h r o m i u m h a s b e e n c o n v e r t e d . C o n t i n u e d a c t i o n of o x y g e n h a s 
n o w n o fu r the r effect on t h e l iqu id w h i c h , a f te r a t i m e , depos i t s a d a r k p r e c i p i t a t e 
of c o n s t a n t compos i t ion , t h e p r o p o r t i o n M n : Cr h a v i n g t h e v a l u e 1 : 3 ; w h e n t h i s 
c o m p o u n d is t r e a t e d w i t h cold dil . s u l p h u r i c ac id , t h e c h r o m i u m dissolves a s su l ­
p h a t e wh i l s t t h e m a n g a n e s e r e m a i n s i n soln , a s t h e h y d r a t e of m a n g a n e s e d iox ide . 
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If n o w t o t h i s l iqu id is a d d e d a n a lkal ine soln. of c h r o m i u m h y d r o x i d e , t h e l a t t e r 
unde rgoes i m m e d i a t e a n d c o m p l e t e ox ida t ion . TJ. A n t o n y a n d U . Pao l i also 
m e a s u r e d t h e speed of t h e ox ida t ion . R . W a r i n g t o n obse rved t h a t m a n g a n o u s 
sa l t s a r e co loured ye l lowish-brown b y i>otassium c h r o m a t e , a n d in t i m e a d a r k 
b r o w n p r e c i p i t a t e is fo rmed ; which , w i t h dil . soln., m a y be c rys ta l l ine m a n g a n o u s 
o x y c h r o m a t e , M n O . M n C r O 4 . 2 H 2 O , in a g r e e m e n t w i t h t h e ana lyses of R . W a r i n g t o n , 
a n d H . Re insch . C. F reese o b t a i n e d a s imi lar sa l t f rom a boiling soln. of m a n g a n o u s 
s u l p h a t e a n d p o t a s s i u m c h r o m a t e ; a n d A. J . Fa i r r i e , us ing m a n g a n o u s chlor ide , 
o b t a i n e d w h a t he r e g a r d e d as 3Mn 2O 3-Cr 2O 3-SCrO 3-GH 2O. E . Schulze w a s u n a b l e 
t o o b t a i n a m a n g a n o u s c h r o m a t e f rom a cold soln. of m a n g a n o u s c a r b o n a t e a n d 
c h r o m i c ac id . C. F r e e s e sa id t h a t t h e o x y c h r o m a t e loses half i t s w a t e r a t 180° 
a n d t h e r e m a i n d e r a t 300° ; P . Grouvel le , t h a t t h e sa l t is s l ight ly soluble in w a t e r ; 
a n d R . W a r i n g t o n , t h a t w i t h p o t a s h - l y e i t furnishes p o t a s s i u m c h r o m a t e ; w i t h 
hydroch lo r i c acid i t g ives chlor ine ; a n d dissolves in su lphur i c or n i t r ic acid forming 
a n orange-yel low l iqu id . E . D o n a t h descr ibed t h e use of m a n g a n e s e c h r o m a t e as a 
p i g m e n t chrome-brown. C. H e n s g e n p r e p a r e d a m m o n i u m m a n g a n o u s chromate , 
(NH 4 J 2 CrO 4 . 2MnCrO 4 . 4H 2 O, as a p r e c i p i t a t e f rom a m i x e d soln. of m a n g a n o u s a n d 
a m m o n i u m s u l p h a t e s . I t c a n be c rys ta l l i zed f rom a soln. of ch romic acid . T h e 
b lu i sh-b lack c rys t a l s r e semble iod ine . I t decomposes a t 200°, a n d if t h e sa l t be 
r ap id ly h e a t e d , a s l ight explos ion occurs . T h e co r re spond ing a m m o n i u m m a n ­
g a n o u s tr ischxomate , K 2 C r O 4 . 2 M n C r O 4 . 2 H 2 O , was o b t a i n e d in a s imi lar w a y , a n d 
b y v a r y i n g t h e p r o p o r t i o n s of t h e c o m p o n e n t sa l t s u s e d in t h e p r e p a r a t i o n , in te r ­
m e d i a t e c o m p o u n d s a re fo rmed. M. Groger o b t a i n e d p o t a s s i u m m a n g a n o u s 
b i schromate , K 2 C r O 4 - M n C r O 4 . 2 H 2 O , from 42V-K2CrO4 m i x e d w i t h a n equa l vol . 
of 2V-MnCl2. F . Bre iu l a n d J . K l a u d y s u p p o s e d t h e sa l t t o b e m o n o h y d r a t e d . 
Accord ing t o M. Groger , t h e sa l t is d e c o m p o s e d b y w a t e r , w i t h t h e s e p a r a t i o n of a 
b r o w n p r e c i p i t a t e . I t g ives a n o range - r ed soln. w i t h su lphu r i c ac id . N o definite 
c o m p o u n d w a s o b t a i n e d b y us ing a g r e a t e r excess of t h e c h r o m a t e soln. , a n d wi th 
boi l ing soln. c h r o m i u m m a n g a n i t e is fo rmed . 

I t is scarcely t o be e x p e c t e d t h a t ferrous c h r o m a t e cou ld be p r e p a r e d in a q . 
soln. because of t h e s t r o n g l y oxid iz ing p rope r t i e s of t h e c h r o m a t e s a n d ch romic 
ac id ; L . N . V a u q u e l i n 3 1 o b t a i n e d a ye l lowish-brown p r e c i p i t a t e on a d d i n g p o t a s ­
s ium c h r o m a t e t o a soln. of fer rous s u l p h a t e . T h e p r e c i p i t a t e g a v e u p n o ch romic 
ac id t o a lkal i - lye , a n d fo rmed a g reen soln. w i t h n i t r i c ac id . C. Lep ie r re found 
t h a t t h e p r o d u c t of t h e ac t i on is a bas ic c o m p l e x ferric sa l t—v ide infra. Ne i t he r 
A . Maus , n o r C. W . E l i o t a n d F . H . S to re r , were ab le t o p r e p a r e n o r m a l ferric 
c h r o m a t e . Accord ing t o A. Maus , if a soln. of a ferric s a l t b e t r e a t e d w i t h a lkal i 
c h r o m a t e , a b r o w n p o w d e r is fo rmed which is reso lved b y w a t e r i n t o soluble chromic 
acid, a n d insoluble ferric ox ide . A b r o w n soln. is o b t a i n e d w h e n h y d r a t ed ferric 
ox ide is d iges ted w i t h ch romic ac id . T h e soln. is n o t r e n d e r e d t u r b i d b y d i lu t ion 
w i t h w a t e r , or b y boi l ing ; a n d , on e v a p o r a t i o n , i t y ie lds a b r o w n m a s s soluble 
in w a t e r a n d in a lcohol . L*. A . WeIs found t h e m a g n e t i c suscept ib i l i ty of potass ium 
ferric c h r o m a t e , K [Fe (CrO 4 J 2 ] . 2H 2 O, t o b e 39-44x10—» m a s s un i t . T h e b rown 
p r o d u c t o b t a i n e d b y t h e ac t i on of p o t a s s i u m c h r o m a t e on a soln. of a ferric sa l t 
was found b y V. K l e t z i n s k y , a n d C. W . E l i o t a n d F . H . S to re r t o h a v e t h e composi ­
t ion of ferryl chromate , (FeO) 2 CrO 4 . L . B l anc also p r e p a r e d t h e basic c h r o m a t e . 
S. H . C. Br iggs o b t a i n e d ferric o x y b i s c h r o m a t e , 2Fe 2 O 3 . 4CrO 3 . H 2 O , or 
( F e 0 r O 4 ) 2 O . J H 2 O , b y t r e a t i n g 5 g r m s . of ferric chlor ide as in t h e case of t h e 
a l u m i n i u m sa l t . T h e sh in ing b l a c k c rys t a l s were m i x e d w i t h a h igh ly coloured, 
m o r e bas ic s u b s t a n c e . Accord ing t o C. Hensgen , a m m o n i u m ferric chromate , 
( N H 4 ) 2 C r 0 4 . F e 2 ( C r 0 4 ) 3 . 4 H 2 0 , is o b t a i n e d w h e n t h e p rec ip i t a t e , p r o d u c e d b y 
m i x i n g cone . soln. of a m m o n i u m c h r o m a t e a n d ferric chlor ide, is dissolved in h y d r o ­
chlor ic acid , a n d t h e soln. s lowly e v a p o r a t e d . T h e d a r k red , leafy, crys ta l l ine mass 
is r a p i d l y w a s h e d w i t h cold w a t e r , or w i t h a lcohol a n d e the r . I t decomposes 
w h e n h e a t e d , or w h e n left in c o n t a c t w i t h w a t e r . C. Lep ie r re ob ta ined t h e 
s a m e sa l t in r e d c rys t a l s b y e v a p o r a t i n g a cold soln. of ferric chloride a n d 
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a m m o n i u m d i c h r o m a t e . C. H e n s g e n o b t a i n e d p o t a s s i u m ferric chromate* 
K 2 C r O 4 - F e 2 ( C r O 4 J 3 A H 2 O , b y a p rocess a n a l o g o u s t o t h a t u s e d for t h e a m m o n i u m 
sa l t ; i t is decomposed s lowly b y w a t e r . Accord ing t o R . W e i n l a n d a n d 
E . Mergen tha le r , w h e n a m i x e d soln. of ferric n i t r a t e , c h r o m i c acid , a n d a m m o n i a is 
h e a t e d on a w a t e r - b a t h , c a r m i n e red , inso luble a m m o n i u m ferr ic c n r o m a t e , 
N H 4 [ F e ( C r O 4 J 2 ] , s e p a r a t e s ; a n d l ikewise , u n d e r ana logous cond i t ions , p o t a s s i u m 
ferric c h r o m a t e , K [ F e ( C r O 4 J 2 ] . 2 H 2 O , a s a spa r ing ly soluble , d a r k o range- red , 
mic roc rys ta l l ine p o w d e r . "With p y r i d i n e u n d e r s imilar cond i t ions , t h e r e is fo rmed 
pyridine ferric chromate, 

[Fe(C r04) .]g : ( C 6 H 5 N ) 3 

C. Lepierre found t h a t C. Hensgen'a salt is produced, by the act ion of ferric chloride w i th 
a. large exces s of potass ium dichromate ; if ferric chloride be in excess , potass ium chloro-
chroraate is one of t h e products ; if neither salt is in excess , ruby-red crystals of the basic salt 
potassium ferric occyseptieschromate, 2K20rO4 . !Fea(Cr04)3 .FeO(CrO4)2 .7PT2O, a r e formed ; 
and. if t h e one soln . is a l lowed t o diffuse into the other, anhydrous crystals of potassium 
ferric trioxysexieschromote, 3K 2 CrO 4 .Fe 2 O 3 .Fe 2 (Cr0 4 ) 3 , are produced. A sat . soln. of potas ­
s i u m chromate w h e n added t o an excess of a sat . soln. of ferric chloride y ie lds ruby-red hex­
agonal crystals of potassium ferric dioxyzcndecieschrornate, 4K 2 CrO 4 . 2Fe 2 (Cr0 4 ) s . (FeO)2CrO4 ; 
-with a n excess of chromate , an orange-yel low precipitate of potassium ferric trioxynovies-
chromate, 6K 2 CrO 4 .Fo 2 O n .Fe 2 (Cr0 4 ) 8 .n ,H 2 0 , is formed—hexahydrate, if w a s h e d w i t h alcohol , 
a n d t h e decahydrate if washed w i t h water ; w i th on ly a s l ight excess of ferric salt , potassium 
ferric pentoxydecieschr ornate, 6K 2CrO 4 .Fe 2O 3(FeO) 2CrO 4 .Fe 2(CrO 4J 3 . I n all cases, in h o t 
so ln . , t h e products are mixtures . If a soln. of 6 mol s of ferrous su lphate -and 2 mol s of 
p o t a s s i u m chromate be al lowed to react at 0°, potassium ferric ertneadecaoxyhischrornate, 
3 K 2 0 . 6 F e 2 O 3 . 2 C r O 3 , is formed. I t is washed w i t h water , alcohol, a n d ether at 0° ; w h e n 
mois t , i t is brown, and w h e n dried, black. After drying in t h e air, i t retains about 3O per 
cent , of water . The act ion of ferrous sulphate on potass ium chromate a t higher t e m p . 
y ie lds o n l y basic ferric su lphates . The act ion of excess of potass ium chromate o n ferrous 
su lphate y ie lds a yel lowish-brown, micro-crystall ine precipitate of potassium ferric 
ertneaoxyquater chromate, 4K 2 CrO 4 .3Fe 2 O 3 , -which retains 22-7 per cent , of water w h e n dried 
in air. If a m m o n i u m ferrous sulphate be employed , the precipitate is potassium ferric 
pentadecaoxy'decieschrornate, 7K 2 Cr0 4 .F e 2 (C r0 4 ) 3 . 5 F e 2 O 3 . If ferric chloride be e m p l o y e d 
w i t h sod ium chromate , sodium ferric oxyquinquieschr ornate, 4Na 2 CrO 4 .6Fe 2 O 3 . (FeO) 2 CrO 4 , 
i s formed ; and w i t h a m m o n i u m chromate , ammonium ferric pentadecaoxysexieschromate9 
6 ( N H 4 ) a C r 0 4 . 5 F e 2 0 3 . If a m m o n i u m and sodium dichromates are employed , i m m e d i a t e 
ox idat ion occurs w i t h o u t forming basic chromates . I t is n o t t o be supposed t h a t these 
basic sa l ts are all chemical individuals . 

P o t a s s i u m c h r o m a t e w i t h 8oln. of coba l t sa l t s gives a r e d d i s h - b r o w n p r e c i p i t a t e 
wh ich is p r o b a b l y a bas ic sa l t . F . J . Ma lagu t i a n d M. Sa rzeau 3 2 r e p r e s e n t e d i t a s 
cobaltous dioxychromate, 2CoO.CoCr04 .4H20, or 3CoO.Cr03 .4H20. S. H . C. Briggs 
o b t a i n e d OObaltOUS c h r o m a t e , CoCrO 4 , b y h e a t i n g a soln. of t h e c a r b o n a t e in c h r o m i c 
ac id in a sea led t u b e a t 260° for severa l h r s . T h e grey ish-b lack c rys ta l s a r e r ead i ly 
soluble in di l . n i t r i c ac id . T h e dihydrate, CoCrO 4 . 2H 2 O, is o b t a i n e d in b r o n z e 
co loured p r i s m s or leaflets, w h e n soln . of c o b a l t a c e t a t e a n d p o t a s s i u m c h r o m a t e 
a r e m i x e d , T h e sa l t is a l w a y s c o n t a m i n a t e d w i t h some doub le c h r o m a t e . F . d e 
B o e r s t u d i e d t h e X - r a y s p e c t r u m . N . P a r r a v a n o a n d A. P a s t a o b t a i n e d yellow-
need les of cobaltous bisethylenediaminochrornate, C o C r O 4 . 2 C 2 H 4 ( N H 2 ) 2 . ^ . Creese 
sa id t h a t cobal tous o x y c h r o m a t e , CrO-CoCrO 4 . 2H 2 O, a p p e a r s a s a r e d d i s h - b r o w n 
p r e c i p i t a t e w h e n boi l ing soln. of a c o b a l t o u s sa l t a n d p o t a s s i u m c h r o m a t e a re 
m i x e d . One mol . of w a t e r is expe l led a t a b o u t 220°, a n d t h e o t h e r a t a b o u t 300° . 
T h e d e h y d r a t e d sa l t s lowly t a k e s u p w a t e r aga in f rom mo i s tu r e . M. Groge r dis­
so lved coba l t c a r b o n a t e in t h e cold soln. of a n eq . a m o u n t of 2V-CrO3. T h e f i l t ra te 
i s e v a p o r a t e d , a n d w h e n t h e r e s idue is t a k e n u p wi th w a t e r t h e r e r e m a i n s t h e 
b rowni sh -b l ack monohydrate of c o b a l t o u s o x y c h r o m a t e . F . J . M a l a g u t i a n d 
M. Sa rzeau found t h a t w h e n t h e d i o x y c h r o m a t e is t r e a t e d w i t h a m m o n i a i t fo rms 
orange-ye l low needles , a n d a n a m o r p h o u s , r u b y - r e d p r o d u c t . 

O. W . Gibbs a n d F . A. G e n t h , a n d C D . B r a u n t r e a t e d coba l t i c h e x a m m i n o -
n i t r a t e w i t h p o t a s s i u m c h r o m a t e a n d o b t a i n e d a yel low p r e c i p i t a t e of cobal t ic 
h e x a m m i n o c h r o m a t e , [ C o ( N H 3 ) 6 ] 2 ( C r 0 4 ) 3 . 5 H 2 0 . O. W . G i b b s a n d F . A. G e n t h , 
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C. D . Br aim, and T. Klobb also prepared cobalt ic h e x a m m i n o c M o r o c h r o m a t e , 
[Co(NHs)6]Cl(CrO4) with. 1§ and with 3 mols. of water. G. Vortmann treated an 
aq. soln. of cobalt ic chloroaquotetramminochloride wi th potass ium dichromate 
and obtained cobal t ic OCtamminochromate , Co 2 (NH 5 ) 8 (Cr0 4 ) 3 . 4H 2 O. The brown 
precipitate furnishes bronze brown plates of the telrahydratc w h e n recrystall ized 
from dil. acet ic acid. If potass ium chromate be used as precipitant, the olive-
green decahydrate is formed. According t o S. H . C. !Briggs, if a cobaltic diaquote-
trammino-sal t is added to a large excess of neutral sodium chromate, dark chocolate-
brown cobaltic oc tamminochromate , C o 2 ( C r 0 4 ) 3 . 8 N H 3 . 2 | H 2 0 , is formed, and this 
furnishes the monohydrate , if kept in vacuo . A. Hiendlmayr prepared cobal t ic 
fluopentamminochromate» [Co(NH 3 ) 6 F]Cr0 4 , b y the action of potass ium chromate 
on a soln. of the fluoride of the series. O. W . Gibbs prepared cobalt ic n i tr i to -
p e n t a m m i n o c h r o m a t e , [ C o ( N H 3 ) 5 N 0 2 ] C r 0 4 . H 2 0 , as a yel low precipitate b y adding 
potass ium chromate t o the corresponding nitrate . J. N . Bronsted and A. Petersen 
found its molar solubi l i ty a t 20° to be S=0-000258 and in the presence of various 
salts of molar cone. C, 

a H . C O O K . 
H . C O O N a 
ISTaCl 
K C l . 
K C l O 3 
N a C l O 3 
K N O 3 
N a N O 3 
M g S O 4 

0 0 2 
0 - 0 3 3 G l 
0 -O a 323 

— 
0 0 3 3 7 1 
0 0 3 3 3 2 
0 - 0 3 3 1 8 
0 0 3 3 4 5 
O O s 3 4 4 
0 O 3 6 2 

0 0 5 
0 - 0 3 4 8 1 
0 O 3 4 1 O 
0 0 3 4 2 5 
0 0 3 5 2 0 
0 0 3 4 2 1 
0 0 3 4 1 7 
0 0 3 4 4 4 
0 * 0 3 4 4 2 
0 0 3 9 0 8 

O I O 
O 0 3 G 3 6 
0 0 3 5 5 8 
0*035G5 
0 - 0 3 6 9 0 
0 - 0 3 5 7 0 
0 0 3 5 6 1 
0 - 0 3 5 8 8 
0 0 3 5 7 7 
0 0 2 1 2 3 7 

They also studied cobaltic isothiocyanatopentamminochromate, [Co(NH 3 ) 5 SCy]Cr0 4 ; 
and cobaltic tetrathiocyanatodiamminochromates ; P . R . H a y prepared cobalt ic 
thiosulphatopentamminochromate, [Co(NH3)6(S203)]2Cr04 , by adding potassium 
chromate to the corresponding chloride. S. JM. Jorgensen obtained, in an analogous 
manner, yel low, microscopic needles of cobal t ic cis-dinitritotetrarnrniriochroniate, 
[Co(NH3)4(N02)2]2Cr04 , and O. W. Gibbs, cobaltic trans-dinitritotetrarnminochro-
mate. S. M. Jorgensen likewise obtained cobaltic nitratopentamminochromate, 
[Co(NH 3 ) 5 N03]Cr0 4 , in ochre-yellow or brick-red octahedral crystals ; also brick-red, 
microscopic crystals of cobaltic chloropentomminochromate, [Co(NH3)5Cl]Cr04 ; 
and likewise greyish-brown, rosetted needles of cobal t ic ch loroaquote tramm i n o -
Chromate, [Co(NH 3 ) 4 (H 2 0)Cl ]Cr0 4 ; and brown, s ix-rayed aggregates of cobalt ic 
bromopentamminochromate, [Co(NH3)5Br]Cr04 . 

S. H. C. Briggs added a soln. of a cobalt ic d iaquotetrammino-sal t to a large 
excess of an alkali chromate and obtained a series of alkali b ischromatotetrammino-
cobalt iates, M'[Co(Cr0 4 ) 2 (NH 3 ) 4 ] . A green form corresponds wi th the trans­
configuration, and a brown form with the cis-conflguration of the chromate radicles. 
The formation of the brown form is favoured by the presence of a large proportion 
of dichromate in the soln. The salts obtained were l i t h i u m c i s -b i schromatote tram-
minocobaltiate, Li[Co(Cr04)2(NH3)4] . l£H20 ; sodium trans-bischromatotetram-
minocoba l t ia t e , Na[Co(Cr0 4 ) 2 (NH 3 ) 4 ] , as a green, microcrystall ine powder ; and 
the corresponding s o d i u m c i s -b i schromatocobal t ia te , Na[Co(Cr0 4 ) 2 . (NH 3 ) 4 ] .H 2 0 , in 
greenish-brown crystals ; and potassium trajis-bischroma tote tram rninocobaltiate, 
K[Co(Cr04)2(NH3)4]. If magnesium chromate be employed, magnesium cisbischroma-
totetraniTninocobtJtiate,Mg[Co(CrQ 4) 2(NH 3) 4] 2 .2H 2Q, is formed in brown crystals, and 
also magnesium traus-bischroniatotetrarnrninocobaltiate, Mg[Co(NH3)4(Cr04)2]2. 
8 H 2 O , which, when dehydrated in vacuo over sulphuric acid, gives the hexa-
hydrate. The octohydrate is thought to be M g [ C o ( N H 3 ) 4 ( C r 0 4 ) 2 ( H 2 0 ) 2 ] 2 . 4 H 2 0 , in 
which the co-ordination number of the cobalt a t o m is eight. If a cobaltic diaquo­
tetrammino-sal t be added t o a large excess of neutral a m m o n i u m chromate, 
dark reddish-brown crystals of a m m o n i u m c l i romatopentamminobi schromate , 

0-20 0-50 1 0 
0-03816 0-0 21212 0-021787 
0 0 3 7 4 6 0-O41131 0 0 , 1 7 2 9 
0 0 3 7 8 5 "— 
0-03887 — — 

0 0 2 1 8 0 4 0 0 2 5 1 2 0 
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( N H 4 ) 2 [ C o ( C r 0 4 ) ( N H 3 ) 5 ] ( C r 0 4 ) 2 , a r e fo rmed . W i t h s o d i u m c h r o m a t e , t h e o c t a m m i n e 
is fo rmed as i nd i ca t ed a b o v e . 

M. Groger p r e p a r e d a m m o n i u m coba l tous oxyquaterochromate , ( N H 4 ) 2 C r 0 4 . 
C o 0 . 3 C o C r 0 4 . 3 H 2 0 , b y t h e a c t i o n of 2 vols , of 2V-CoCl2 o n one vo l . of 2V-(NH4) 2 C r 0 4 . 
O n al lowing t h e p r e c i p i t a t e t o s t a n d in c o n t a c t w i t h t h e m o t h e r - l i q u o r for some 
t i m e , d a r k b rowni sh - r ed mic roscop ic c ry s t a l s a r e fo rmed . T h e compos i t i on is 
different if o t h e r p r o p o r t i o n s of t h e c o n s t i t u e n t sa l t soln. a re m i x e d . S. H . C. Br iggs 
p r e p a r e d a m m o n i u m cobal tous chromate , ( N H 4 ) 2 C r 0 4 . C o C r 0 4 . 6 H 2 0 , in b rown i sh -
yel low p r i sms , b y a d d i n g a soln. of 30 g r m s . a m m o n i u m c h r o m a t e in 6O c.c. of 
w a t e r t o a soln. of 40 g r m s . c rys ta l l i zed c o b a l t a c e t a t e i n 12O c.c. of w a t e r a n d 
cooled b y ice a n d sa l t . T h e sa l t c a n be k e p t for s o m e d a y s a t 8° , b u t i t 
g r a d u a l l y d a r k e n s in colour , a n d loses w a t e r ; d e c o m p o s i t i o n is r a p i d a t 
20°. M. Groger prepared ammonium cobaltous diamminoquaterochromate, 
( N H 4 ) 2 C r O 4 . 3 C o C r O 4 . 2 N H 3 . 3 H 2 O , from c o b a l t o u s ch lor ide a n d a m m o n i u m c h r o m a t e . 
T h e d a r k b r o w n p r o d u c t is d e c o m p o s e d b y w a t e r a n d b y h e a t . M. Groger p r e p a r e d 
b r o w n po tas s ium cobal tous chromate , K 2 C r 0 4 . C o C r 0 4 . 2 H 2 0 , f rom a soln. of 
one vol . of 37V-CrCl2 a n d 3 vols, of 32V-K2CrO4 ; a n d t h e bas ic sa l t p o t a s s i u m 
cobal tous oxyquaterochromate , K 2 C r O 4 . C o O . 3 C o C r 0 4 . 3 H 2 0 , or HO.Co.CrO 4 -Co. 
K C r O 4 ( H 2 O ) , b y m i x i n g 2 vols , of 2V-CoCl2 a n d one vo l . of 2V-K2CrO4 ; or o n e vo l . 
of t h e former a n d 2 vols , of t h e l a t t e r . T h e d a r k r e d d i s h - b r o w n p r o d u c t cons i s t s 
of microscopic c rys ta l s , wh ich a r e soluble in cold, dil . su lphu r i c ac id , a n d a r e d e c o m ­
posed by w a t e r forming c o b a l t o u s d i o x y c h r o m a t e . S. H . C. Br iggs p r e p a r e d CSBSium 
coba l tous chromate , C s 2 C r 0 4 . C o C r 0 4 . 6 H 2 0 , a s a b r o w n crys ta l l ine p o w d e r , b y 
m i x i n g 2 g r m s . of caesium c h r o m a t e in 6 c.c. of cold w a t e r w i t h a soln. of 1-2 g r m s . 
of c rys ta l l ine coba l t a c e t a t e cooled t o a b o u t —5° . 

S. H. C. Briggs prepared a series of chromatocobaltammines—e.g. cobaltic 
chromatopentamminonitrate, [Co(NH3)5(Cr04)]N03 , by the action of potassium 
c h r o m a t e on t h e a q u o p e n t a m m i n o n i t r a t e . T h e sa l t is m o d e r a t e l y soluble in cold 
w a t e r , a n d t h e freshly p r e p a r e d soln. is n o t p r e c i p i t a t e d b y si lver, b a r i u m , or l ead 
sa l t s , b u t p r ec ip i t a t i on occurs a t once in t h e boi l ing soln. S imi la r ly , c o b a l t a q u o -
p e n t a m m i n o c h l o r i d e furnishes b rowni sh - red c rys t a l s of cobalt ic c h r o m a t o p e n t a m -
muiochlor ide , [Co(NH 3 ) 5 (Cr0 4 ) ]Cl . If t h e m o t h e r - l i q u o r is h e a t e d t o 50° a n d t r e a t e d 
w i t h m o r e p o t a s s i u m c h r o m a t e , on cooling, i t furn ishes ye l lowish -b rown p r i sms of 
cobaltic chloropentamminochromate, [Co(NH3)5Cl)]Cr04 .2£H20. If cobaltic 
c h r o m a t o p e n t a m m i n o c h l o r i d e in w a t e r a t 60° b e t r e a t e d w i t h si lver c h r o m a t e , 
cobaltic chromatopentamminochromate, [Co(NH3)6(Cr04)]2Cr04 .3H20, is formed 
i n sca ly c rys ta l s t h e colour of si lver c h r o m a t e . P . R . R a y a n d P . V. S a r k a r r e p r e ­
s e n t e d i t as a d i h y d r a t e , a n d o b t a i n e d i t b y t h e a c t i o n of a m m o n i u m d i c h r o m a t e 
a n d a q . a m m o n i a on freshly p r e c i p i t a t e d c o b a l t h y d r o x i d e . B y t r e a t i n g coba l t i c 
d i a q u o t e t r a m m i n o n i t r a t e wi th a di l . soln. of p o t a s s i u m c h r o m a t e , cobalt ic c h r o m a -
totetramminonitrate, [Co(NH3)4(Cr04)2]N03 .£H20, w a s fo rmed a s a d a r k r e d d i s h -
b r o w n crys ta l l ine m a s s , soluble i n w a t e r ; if a n excess of p o t a s s i u m c h r o m a t e is 
used, cobaltic chromatotetramminochromate, [Co(NH3)4(Cr04)2]Cr04 .3H20, is 
fo rmed a s a b r o w n c rys ta l l ine p o w d e r . T h e co r r e spond ing d i c h r o m a t e (g.v.) 
was also p r e p a r e d . B y t r e a t i n g c o b a l t d i a q u o t e t r a m m i n o n i t r a t e w i t h a cone . soln . 
of p o t a s s i u m c h r o m a t e , a greenish p r e c i p i t a t e of cobalt ic t r i chromato te trammine , 
[ C o ( N H 3 ) 4 ( C r 0 4 ) 2 l C r 0 4 . 5 H 2 0 , 

w a s o b t a i n e d ; a n d b y t r e a t i n g c o b a l t t r i n i t r a t o t r i a m m i n e w i t h a soln. of p o t a s s i u m 
c h r o m a t e , cobalt ic hydroxychix>n^itotriaminiue,[Co(NH 3 ) 3 (OH)(Cr0 4 )2]>2H 20, w a s 
fo rmed—for t h e d i c h r o m a t e , vide infra. 

Accord ing t o R . T u p p u t i , 3 3 a soln. of c h r o m i c ac id d issolves n icke l h y d r o x i d e 
o r c a r b o n a t e fo rming a yel low soln. w h i c h depos i t s a p o w d e r so luble in a l a rge 
excess of t h e ac id . T h e soln . depos i t s a non -de l i quescen t m a s s of r e d c rys t a l s , 
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which , a c c o r d i n g t o J . F . J o h n , a r e reso lved a t a r e d - h e a t i n t o c h r o m i c a n d nickel 
ox ides . If t h e soln. be t r e a t e d w i t h n ickel c a r b o n a t e , or w i t h a lka l i - lye , R . T u p p u t i 
o b s e r v e d t h a t a r edd i sh -yel low insoluble p o w d e r of a n i c k e l o x y c h r o m a t e is 
d e p o s i t e d ; a n d H . S t o k e s , a n d 2?\ J . M a l a g u t i a n d M. S a r z e a u o b s e r v e d t h a t a bas ic 
s a l t is d e p o s i t e d w h e n a soln. of n icke l s u l p h a t e is m i x e d w i t h p o t a s s i u m c h r o r n a t e . 
C. F r e e s e a d d e d t h a t t h e ye l lowish -b rown p r o d u c t is scarce ly a t t a c k e d b y cold 
p o t a s h - l y e , b u t all t h e c h r o m i u m is e x t r a c t e d b y boil ing lye . F . J . Ma lagu t i a n d 
M. S a r z e a u r e p r e s e n t e d i t s c o m p o s i t i o n b y 4 N i O . C r O 3 . 6 H 2 O ; C F r e e s e , 
b y 3 N i O . C r O 3 . 3 H 2 O ; a n d E . A . S c h m i d t o b t a i n e d p rec ip i t a t e s r a n g i n g from 
3 N i O . C r O 3 . 6 H 2 O t o 2 N i O . C r O 3 . 6 H 2 O b y v a r y i n g t h e cone , of t h e soln. e m p l o y e d . 
S. H . C. Br iggs sa id t h a t whi le n icke l c h r o m a t e is insoluble in w a t e r , i t is n o t 
p r e c i p i t a t e d f rom n icke l s a l t soln. , a n d i t m u s t the re fo re be po lymer i zed . I t is 
f o r m e d b y h e a t i n g n icke l c a r b o n a t e a n d a soln. of c h r o m i c ac id in a sealed t u b e 
a t 260°. T h e b l a c k c r y s t a l s of n i c k e l c h r o m a t e , N iCrO 4 , a r e w a s h e d w i t h w a t e r , 
a lcohol , a n d e t h e r . T h e y a re insoluble in h o t di l . n i t r i c ac id , a n d a re slowly a t t a c k e d 
b y cone , n i t r i c ac id or a q u a reg ia . G. L . C la rk f o u n d t h a t n i cke l h e x a m m i n o -
Chromate, N i (NHg) 6 CrO 4 , h a s a v a p . p ress , of 76O m m . a t 408° . 

S. H . C. Briggs obtained ammonium nickel chromate, (NH4)2Cr04 .NiCrO4 .6H2O, 
b y a d d i n g a soln. of a m m o n i u m c h r o m a t e t o a soln. of a n icke l sa l t ; a n d M. Groger 
o b t a i n e d i t b y a d d i n g 32V-(NH 4 ) 2 Cr0 4 t o half i t s vo l . of 2V-NiCl2, a n d al lowing 
t h e m i x t u r e t o s t a n d for s o m e t i m e . T h e g reen c r y s t a l s c a n b e rec rys ta l l i zed from 
w a t e r a t 40° w i t h o u t c h a n g e . Gr. Li. C la rk s t u d i e d t h e r e l a t ions b e t w e e n t h e a t . vo l . 
a n d t h e s t a b i l i t y . S. H . C. Br iggs showed t h a t w h e n t r e a t e d w i t h a m m o n i a , 
ammonium nickel diamminochromate, (NH4)2Cr04 .NiCr04 .2NH3 , is formed. 
T h e p r o d u c t loses w a t e r a n d a m m o n i a w h e n i t is h e a t e d , a n d i t decomposes s u d d e n l y 
b e t w e e n 200° a n d 300°. M. Groger o b t a i n e d t h e bas ic sa l t , a m m o n i u m nicke l 
dihydroxyquaterchromate, 3(NH 4 ) 2Cr0 4 .Ni(0H) 2 .NiCr0 4 , from a mixture of 
a cold , s a t . soln . of a m m o n i u m c h r o m a t e w i t h a fifth of i t s vo l . of 32V-NiCl2. 
T h e ye l lowish -b rown c r y s t a l s a r e s t a b l e in a i r ; t h e y a r e d e c o m p o s e d b y w a t e r 
w i t h t h e s e p a r a t i o n of a bas ic n ickel c h r o m a t e ; a n d fo rm w i t h w a t e r a yel lowish-
g reen soln. w h i c h w h e n e v a p o r a t e d a t a low- t e m p , y ie ld a m m o n i u m c h r o m a t e , 
a n d a m m o n i u m nickel c h r o m a t e . M. Groger m i x e d 32V-Na2CrO4 w i t h half i t s vol . 
of iV-NiCr0 4 a n d o b t a i n e d a b r o w n , a m o r p h o u s p r e c i p i t a t e , p r o b a b l y a bas ic sod ium 
nickel c h r o m a t e ; a n d b y m i x i n g SiV-K 2 CrO 4 w i t h half i t s vo l . of 2V-NiCrO4, a 
r e d d i s h - b r o w n p r e c i p i t a t e is fo rmed wh ich , w h e n a l lowed t o s t a n d u n d e r i t s m o t h e r -
l iquor , b e c o m e s c rys ta l l ine p o t a s s i u m n icke l c h r o m a t e , K 2 C r O 4 . N i C r O 4 . 2 H 2 O . 
Th i s dihydrate is s t ab l e in air , a n d loses n o w a t e r on t h e w a t e r - b a t h . I t is decom­
posed b y w a t e r w i t h t h e s e p a r a t i o n of a bas ic sa l t . S. H . C. Br iggs o b t a i n e d t h e 
hexahydrate b y a d d i n g 8 g r m s . of p o t a s s i u m c h r o m a t e in 14 c.c. of w a t e r t o 8 g r m s . 
of n icke l a c e t a t e in 27 c.c. of w a t e r a t — 6 ° . T h e yel lowish-green c rys ta l s dissolve 
in w a t e r w i t h decompos i t i on . T h e h e x a h y d r a t e fo rms i somor phous m i x t u r e s wi th t h e 
co r r e spond ing s u l p h a t e . S. H . C. Br iggs also p r e p a r e d rubid ium n icke l chromate , 
Kb 2 Cr0 4 .NiCr0 4 .6H 2 0 ; and caesium nickel chromate, Cs2CrO4.NiCrO4.6H2O, in 
a n a n a l o g o u s w a y . B o t h sa l t s a r e d e c o m p o s e d b y w a t e r . 

T h e n o r m a l c h r o m a t e s of t h e p l a t i n u m m e t a l s h a v e n o t been p r e p a r e d . 
Acco rd ing t o T . T h o m s o n , 3 4 a soln. of h y d r o c h l o r o p l a t i n i c acid, w h e n t r e a t e d w i t h 
p o t a s s i u m c h r o m a t e furn ishes a d a r k r ed p r e c i p i t a t e con t a in ing p o t a s s i u m cbloro-
p l a t i n a t e . P . T . Cleve, a n d Gr. B . B u c k t o n found t h a t a n a m m o n i a c a l soln. of 
p l a t i n o u s t e t r a m m i n o d i c h r o m a t e furn ishes a yel low p o w d e r cons is t ing of micro­
scopic t a b l e t s of p la t inous tetraxnroinochroniate, [ P t ( N H 3 ) 4 ] C r 0 4 . T h e same sal t 
is f o r m e d b y p r e c i p i t a t i o n f rom a soln. of p l a t i n o u s ch lor ide b y p o t a s s i u m c h r o m a t e . 
P. T. Cleve prepared platinic dinitratotetrainniinochromate,[Pt(NH3)4(N03)2]Cr04, 
b y t r e a t i n g t h e c o r r e s p o n d i n g ch lor ide w i t h p o t a s s i u m c h r o m a t e a n d d ry ing t h e 
p r o d u c t a t 100°. T h e l emon-ye l low p r o d u c t d e t o n a t e s s h a r p l y w h e n hea t ed ; 
i t is inso luble in w a t e r . H e also p r e p a r e d p lat inic d ich lorote trammino-
Chromate, [P t (NHg) 4 Cl 2 ]CrO 4 , i n a n ana logous m a n n e r f rom t h e cor respond-
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ing nitrate. So also with platinic hydix)xysulphatotetraTTiniinochroinate> 
[Pt(NH3)4(OH)(S04)]Cr04 .2H20 ; and with platinic hydroxycMorotetrammino-
chromate, [Pt(NHs)4(OH)Cl]CrO4. S, G, Hedin prepared platinic sulphatotetra-
pyridinochromate, [Pt(C5H6N)4(S04)]Cr04 .6H20 ; and C. Enebuske, platinic 
chromatobisethylsulpliide, PtI(C2Hg)2S)2CrO4. 
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§ 16. The bichromates 
H . Moser,1 Y. T. Gerassimoff, and others obtained ammonium dichromate, 

(NH4)2Gr2O7, by evaporating a soln. of chromic acid half sat. with ammonia. 
Y. T. Gerassimoff said t h a t double decomposition with ammonium chloride and 
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sodium dichromate gives an impure product . S. Darby , J. S; Abel, and J. S. Abel 
and H. Richmond showed t h a t if the chromic acid is contaminated wi th 
sulphuric acid^ that salt is easily freed from-that contaminat ion b y recrystall ization. 
R. Segalle obtained a m m o n i u m dichromate b y heat ing an ammoniacal soln. of a mol 
of potassium dichromate unti l the l iquid has a garnet-red co lour; and then 
evaporating for crystall ization. F . A. H-. Schreinemakers* observations on the 
equilibrium conditions are summarized in !Fig. 29. Analyses were reported b y 
S. Darby, M. Groger, M. Siewert, J. Schabus, and J. S. Abel and H. Richmond. 

The yellowish-red crystals were found by C. F . Rammelsberg t o be monoclinic 
prisms wi th the axial ratios a : b : c = 1 0 2 7 1 : 1 : 1-7665, and £ = 9 3 ° 42' . The (101)-
cleavage is clear, and the (OlO)-cleavage incomplete. Observations on the crystals 
were also made b y H . J. Brooke, J. Schabus, and A. J . Weiss . G. N . Wyrouboff 
noted some resemblances between the crystals and those of triclinic potass ium 
dichromate ; but the t w o salts are not isomorphous. B . Gossner and F . Mussgnug 
found t h a t the X-radiograms showed that the monoclinic crystals have a cell 
wi th a = 7 - 7 8 A . , 6 = 7 * 5 4 A., and c = 13-27 A., wi th £ = - 9 3 ° 42' . U n i t cell contains 
4 mols. A. Duff our said that the crystals are isomorphous wi th the mono­
clinic form of potassium dichromate. H . Schiff gave 2-367 for the sp. gr. ; 
F . W. Clarke, and G. N . WyroubofE, 2-150 ; and E . Moles and F . Gonzalez, 2-16 
a,t 25°. K- F . SIotte found the sp. gr. of soln. of ammonium dichromate wi th 
6-85, 13-0, and 19-93 per cent, of the dichromate t o be respectively 1-0393, a t 12°, 
1-0782 a t 10-5° and 1-1258 at 12° ; and the viscosities (water 100) to be respectively 
98-9, 99-1, and 100-6 at 10° ; 76-8, 78, 80-2, a t 20° ; 62-5, 63-9 and 66-4 at 30° ; 
and 51-9, 53-3, and 55-7 at 40°. H . Moser, and E . Jager and G. Kriiss said that the 
salt is stable in air ; and J. S. Abel and H. Richmond, tha t i t is stable at 100°. 
A. Maus, R. Bottger , E . Moles and F . Gonzalez, and A. A. H a y e s found that the 
salt decomposes a t a t emp, below redness leaving a residue of chromic oxide. The 
reaction is at tended b y the emission of l ight, and m a y be by a feeble detonation, 
especially, as shown by M. Siewert, if i t be quickly heated in a tes t - tube . The 
gaseous products of the reaction were found by J. S. Abel and H . Richmond, 
and A. L e v y to be nitrogen and water, but S. Darby observed t h a t some ammonia 
gas m a y be produced ; and M. Siewert, and W. M. Hooton , some nitric oxide and 
oxygen . C. N . Hinshelwood and E . J. B o w e n studied the rate of decomposit ion 
a t 219°. W. C. Ball said that at 185°-205° the salt darkens in colour, and decom­
poses slowly with the evolution of water, nitrogen, and ammonia ; and after six 
days ' heating, there remains a black residue approximating 3CrO 2 .H 2O ; and if the 
heating be interrupted when the salt is half decomposed, an insoluble black product, 
approximating Or2O3 .2CrO3 .2NH3 .H2O, is obtained. W . M. H o o t o n found t h a t 
if a m m o n i u m dichromate be heated in air, below the inflammation t emp. 190°, 
the end-product has the composit ion 2CrO2 .H2O ; and if heated in the absence 
of oxygen , H2Cr2O4—vide, supra for E . Maumene's observations on ammonium 
chromate. E . Moles and F . Gonzalez observed that tranquil decomposit ion occurs 
a t about 225°, and that the oxidation of the " ammonium " t o nitrogen is mos t com­
plete where the reaction occurs mos t rapidly. The black residue thereby obtained 
is chromiunx peroxide. Y . T. GerassimoS found t h a t the aq. soln. is s l ightly 
decomposed w h e n i t is boiled. 

R. Bot tger said t h a t if an int imate mixture of the dichromate wi th half i t s 
weight of picric acid be brought in contact with a glowing splint, i t decomposes w i th 
sparking forming pale green, nocculent chromic oxide. C. N . Hinshe lwood and 
E . J . B o w e n studied the rate bf the thermal decomposit ion of a m m o n i u m dichromate. 
Wi th the explos ive decomposi t ion of the salt, M. Berthelot found t h a t 7-8 CaIs. 
are deve loped; and he gave for the heat of format ion: 2H 2 CrO 4 (800 a q ) 
+2NH 4 OH(1600 a q i . )= : (NH 4 ) 2 Cr 2 O 7 a q . +24 : CaIs a t 12° ; E . Moles and F . Gonzalez, 
23-275 Gals., and F . Morges, 26-988 CaIs. a t 19-5°. M. Berthelot gave for the reaction 
( N l l 4 ) 2 C r 2 O 7 a q . + 2 N H 4 O H a ( l . = 2 ( N H 4 ) 2 C r O 4 a a . + 2 0 - 4 C a l s . ; for precipitated chromic 
oxide, 2 C r ( O H ) 3 + 2 N H 4 0 H a q . - h 3 0 = ( N H 4 ) 2 C r 2 0 4 a Q . 4 - 3 4 - 6 CaIs. a t 1 2 ° ; and 47 
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H e a t i n g . 
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CaIs. w i t h t h e solid d i c h r o m a t e ; (NH^)2CrO4 8 0 1Jd-f-Cr03 8 o Ud=(NH^)2Cr2O7S0Hd 
+ 11-300 CaIs. F o r t h e h e a t of decompos i t ion , ( N H 4 J 2 C r 2 O 7 ^ C r 2 O 8 + N 2 + 4 H 2 O 
+ ( 7 8 - 0 0 0 + Q ) cals . , w h e r e Q d e n o t e s t h e h e a t of t r a n s f o r m a t i o n of ch romic oxide . 
!For t h e r e d u c i n g a c t i o n of a m m o n i a o n c h r o m i u m t r iox ide : 2 C r O 3 + 2 N H 3 = C r 2 O 3 
+ 3 H 2 O g a a + N 2 + 1 4 6 - 6 Cals. ; t h e h e a t of soln. of a m o l of t h e sa l t i n 560 mol s of 
w a t e r a t 13° is —12-44 Cals . ; E . Moles a n d F . Gonzalez g a v e —12-904 Cals. ; 
P . S a b a t i e r g a v e —5-8 Cals . for t h e h e a t of soln. of a mo l of t h e sa l t in 200 mol s of 
w a t e r . P . S a b a t i e r m e a s u r e d t h e a b s o r p t i o n s p e c t r u m . S. Schl iv i tch obse rved a 
p h o t o v o l t a i c effect w i t h soln . of a m m o n i u m d i c h r o m a t e a n d p l a t i n u m e lec t rodes . 
H . Moser sa id t h a t t h e a q . soln . h a s a sa l ine t a s t e , a n d r e d d e n s l i t m u s . T h e sa l t 
is less so luble t h a n a m m o n i u m c h r o m a t e . E . Moles a n d F . Gonzalez gave for t h e 
so lub i l i ty 23-88 p e r cen t , a t 16°, a n d 28-63 p e r cen t , a t 25° . F . A. H . Schre inemaker s 
f o u n d t h a t 100 g r m s . of w a t e r a t 30° dissolve 47-17 g r m s . of a m m o n i u m d i c h r o m a t e . 
T h e s a l t i n a q . soln . is less h y d r o l y z e d t h a n t h e m o n o c h r o m a t e , a n d Y . T . Gerassimoft 
f o u n d t h a t t h e solubi l i t ies of a m m o n i u m d i c h r o m a t e , /S g r m s . of sa l t p e r 100 g r m s . 
of w a t e r , w o r k i n g on cool ing a n d h e a t i n g s y s t e m s , a r e : 

S 

a n d t h e d i s t u r b a n c e is p r o b a b l y d u e t o undercoo l ing . T h e so lubi l i ty cu rves for 
t h e s y s t e m ( N H ^ 2 C r 2 O 7 - ( N H 4 C l ) 2 - H 2 O a t different t e m p . , a r e s u m m a r i z e d in 
F ig . 6 5 — m o l s of sa l t p e r IOOO mols of w a t e r ; 
confer F i g . 1, 1 . 1 1 , 1. A. N a u m a n n a n d 
A . H u c k e r ca l cu l a t ed t h a t in a iV-soln. a t 
t h e b . p . , 0-0108 pe r cen t , is h y d r o l y z e d . 
B . R e i n i t z e r sa id t h a t t h e sa l t is soluble in 
a b s o l u t e a lcohol . W . P . Jo r i s s en d i scussed 
t h e l imi t s of t h e r e a c t i o n of a m m o n i u m d i ­
c h r o m a t e w i t h p o t a s s i u m chlor ide a n d sul ­
p h a t e . 

Accord ing t o C. F . R a m m e l s b e r g , 2 if 
c h r o m i c ac id o r n i t r i c ac id be a d d e d t o a 
soln. of l i t h i u m c h r o m a t e , t h e l iqu id fur­
n i shes de l iquescen t c rys t a l s of l i t h i u m d i ­
c h r o m a t e , L i 2 C r 2 O 7 . 2 H 2 O . T h e cond i t ions of 
equ i l i b r i um a r e i l l u s t r a t ed b y F i g . 3 1 . T h e 
b l a c k p l a t e s h a v e c u r v e d surfaces . L . S c h u -
l e r u d f o u n d t h a t t h e w a t e r of c rys t a l l i za t ion is comple te ly los t a t 130°, a n d t h e 
sa l t m e l t s a t a h ighe r t e m p , w i t h t h e evo lu t i on of oxygen . T h e sa l t c a n be r e -
c rys ta l l i zed f rom w a t e r w i t h o u t d e c o m p o s i t i o n ; a n d F . A . H . Sch re inemake r s 
obse rved t h a t 100 g r m s . of w a t e r a t 30° dissolve 130-4 g r m s . of L i 2 C r 2 O 7 . 
A . Heydwe i l l e r f o u n d t h e s p . gr . , a n d eq . c o n d u c t i v i t y , a t 18°, t o b e : 

/OO 

80 

<z£ 60 

^ 40 

20 
L̂ _ 
H?" 

^ ° 
50c 

-rr< 3 

-_ 

20 80 /00 /20 40 60 
(NH+)2 Cl2 

F i o . 65. T h e Effect of A m m o n i u m 
Chloride on the Solubi l i ty of A m ­
m o n i u m Dichromate . 

Sp . gr. . 
A . 

0-2.N-
1 0 1 5 8 1 

7 3 

0-5-W-
1-03928 

6 6 1 

JV-

1 0 7 8 0 
58-7 

2JST-

1 1 5 4 0 
47-7 

T h e p r e p a r a t i o n of s o d i u m d ichromate , N a 2 C r 2 O 7 . 2 H 2 O , is effected b y m e t h o d s 
s imi la r t o t h o s e e m p l o y e d for t h e p o t a s s i u m sa l t . J . d ' A n s a n d J . Loftier 3 observed 
i t a m o n g s t t h e p r o d u c t s of t h e a c t i o n of s o d i u m h y d r o x i d e on ch romic ox ide . 
M. S iewer t s a id t h a t i t is n o t p r o d u c e d b y p a r t i a l l y s a t u r a t i n g s o d i u m c h r o m a t e 
w i t h n i t r i c ac id , b u t i t is p r o d u c e d b y d i s so lv ing s o d i u m c h r o m a t e in a s l ight excess 
of c h r o m i c ac id , a n d e v a p o r a t i n g t h e l iqu id ove r s u l p h u r i c ac id in v a c u o . G. Bessa 
d i scussed t h e m a n u f a c t u r e of s o d i u m d i c h r o m a t e . R . Kiss l ing found t h a t com­
merc ia l s a m p l e s c o n t a i n e d 83-79 t o 92-84 p e r c e n t . N a 2 C r 2 O 2 ; a n d w i t h seven 
different s amp le s , 23 d a y s ' e x p o s u r e r e s u l t e d in t h e a b s o r p t i o n of 6O pe r cen t , of 
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water in each case. B. Neumann and C. Exssner discussed the conversion of 
sodium chromate to dichromate in aq. soln. by carbon dioxide under press. 

80 

60 

40 

20 

L r N s_ 

^ 
^ 

**N, 

^ 
'^ 

75' 

^ 
^ 

> 
^ 
^ 

0*\ 
**»» 
^ ti & I 

0 40 SO /20 /60 200 240 
/VcLzCrzOr 
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F i a . 6 7 . — T h e E f f e c t o f A m m o n i u m 
D i c h r o m a t e o n t h e S o l u b i l i t y o f 
S o d i u m D i c h r o m a t e . 

E . Mliller and E . Sauer found tha t in the conversion of soln. of sodium chromate 
to dichromate and hydroxide b y electrolysis, if the anolyte is a soln. of sodium 

chromate and the catholyte one of sodium 
hydroxide the yield is less than if sodium 
chromate is used in both compartments . A. Lot-
termoser and K. EaIk found that better yields 
are obtained wi th three compartment cells wi th 
sodium chromate in all three compartments 
rather than wi th sodium hydroxide as catholyte 
and sodium chromate in the other t w o com­
partments . This is because in the former case 
circumstances are least favourable for the mi­
gration of HO-ions into the anode compartment . 
I . StsherbakofF studied the electrolysis of soln. 
of sodium chromate using a mercury cathode. 
T. W. Richards and G. L. Kel ley found that 
sodium dichromate can be readily purified from 
potassium salts and sulphates b y recrystal-
lization from water a number of t imes. The 
conditions of equilibrium, worked out b y 
E. A. H. Schreinemakers, are i l lustrated b y 
Fig. 34. F . Mylius and R. Funk gave 83° for 
the transition t emp, from the dihydrate t o the 
anhydrous salt. The solubility, S per cent. , of 
sodium dichromate in water is : 

(NHJ2Cr2O7 
2NaCl 

Na2CU2O7 

F i a . 68.—r-The Q u a t e r n a r y S y s t e m 
( N H 4 J 2 C r 2 O 7 - N a 2 C r 2 O 7 - N a 2 C l 2 -

( N H 4 C l ) 2 a t 0 ° . 

S . 

Solid phase 

0° 
6 2 0 

10° 
6 3 O 

20° 
64-3 

40° 
6 8 - 8 

60° 
7 3 - 9 

80° 
7 9 - 4 

83° 
8 0 - 7 

93° 
81-2O 

98° 
8 1 - 2 4 

Na 8 Cr 2 O 7 ^H 2 O Na3Cr2O7 

A. Stanley found that 1OO parts of water dissolve 107-2 parts of Na 2 Cr 2 O 7 a t 0° ; 
109-2 parts a t 15° ; 116-6 parts a t 30° ; 142-8 parts a t 80° ; 162-8 parts a t 100° ; 
and 209-7 parts a t 139°. F . A. H . Schreinemakers found that at 30° water dis­
solves 66-4 per cent, of Na 2 Cr 2 O 7 . Y . I . Gerassimofl found that the solubility 
curves for the sys tem N a 2 C r 2 O 7 - N a C l - H 2 O , a t different temp. , are summarized in 
Fig . 66—mols of salt per 100 mols of water—confer Fig . 1, 1 . 11 , 1. The solubility 
curves for the sys tem (NH 4 J 2 Cr 2 O 7 -Na 2 Cr 2 O 7 -H 2 O, a t different t emp. , are 
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summarized in Fig. 67—mols of salt per 1000 mols of water—confer Fig. 1, 
1. 11, 1. The equilibrium diagrams for the quaternary systems (NH4J2Cr2O7-
Na2Cr2O7-Na2Cl2-(NH4Cl)2, at 0° and 75° 
are indicated in Figs. 68 and 69. 2NH Cl 

The dihydrate furnishes hyacinth-red, 
thin, six-sided prisms which, according to 
M. Siewert, are triclinic, but, according to 
L. Miinzing, are monoclinic. Gr. N. Wyrou-
bo£E gave for the axial ratios of the mono-
clinic crystals a : b : c =-0-5698 : 1 : 1-824, 
and /J=94° 55' ; while Ju. Miinzing gave 
0-5912 : 1 : 0-5698, and £=85° 5 \ The optic 
axial angle 2 "F=83° 54' ; and the optical 
character is positive. The deliquescent Na2Cr^O7 

crystals were found by A. Stanley to have 
a sp. gr. 2-5246 at 13°. According to 
A. Stanley, the sp. gr. of the aq. soln. is : 

(NfU)Crz0, ZNaCL 

F i a . 6 9 . — T h e Q u a t e r n a r y S y s t e m : 
( N H J 2 C r 2 O 7 - N a 2 C r 2 O 7 - N a 8 C l 2 -

( N H 4 C l ) 2 a t 75°. 

N a 2 C r 2 O 7 

S p . g r . . 
1 
1 0 0 7 

5 
1 0 3 5 

10 
1 0 7 1 

20 
1- 1 4 1 

30 
1-208 

4O 
1-280 

50 p e r c e n t . 
1-343 

while H. C Jones and H. P. Basset gave at 18c 

N a 2 C r a O v 
S p . g r . 

1-31 
1-0096 

2-59 
1 0 1 9 0 

5 0 9 
1 0 3 7 7 

7-5O 
1 0 5 6 8 

9-83 
1 0 7 5 6 

18-40 
1-1491 

26-90 p e r c e n t . 
1-2285 

Li. J. Simon measured the viscosities of soln. of sodium dichromate—vide supra, 
potassium chromate. F. Mylius and R. Funk observed that a soln. sat. at 18° 
contains 63-92 per cent, of Na2Cr2O7, and has a sp. gr. 1-745 ; F. Hiidorff found 
that the salt does not decompose when in aq. soln. I. Traubc found the drop-
weight of the molten anhydrous salt to be 262-O mgrms. A. Stanley found that the 
dihydrate becomes anhydrous above 303° ; it melts at 320°, and decomposes at 400° 
with the evolution of oxygen. P. L. Robinson and co-workers observed no tran­
sition phenomenon when the salt is cooled between 300° and 70°. H. C. Jones 
and H. P. Bassett found that soln. with 0-1, 0-2, and 0-4 mols per litre lower 
the f.p. of water respectively 0*490°, 0-946°, and 1-872°. A. "Stanley said that the 
sat. aq. soln. boils at 139°. J. Thomson gave for the heat of formation : 
2H2CrO4(800aq )+2NaOH(400aq )=Na2Cr207aq +26-268 CaIs. at 18° ; and 
F. Morges, 2H2Cr04aq.+2NaOHaq.—Na2Cr2O7+26-076 CaIs. at 19-5°. 

H. Dufet found the indices of refraction of the crystals of the dihydrate to be 
a=l-7510, £=1-6994, and y=l-6610 for the ZMine. P. Walden measured the 
electrical conductivity of aq. soln. at 25° ; while H. C. Jones and co-workers found 
for the molar conductivity, /J, mho, and for the percentage ionization, <x, calculated 
from ft/ftoo, with a mol of the salt in v litres of water : 

n 

H. C. Jones calculated from the sp. gr., f.p., and conductivity data that soln. with 
M mols per litre have H mols of water in combination with a mol of the salt, when 
M is 0-1, 0-2, 0-3, and 0-4, H is respectively 20-5, 9-7, 6-5, and 7-9. A. Poirot found 
that the emission of anodic rays with purified sodium dichromate is regular and 
stable. The emission starts suddenly below the m.p. of the salt. The anode is 
surrounded by a yellowish glimmer. There is an intense yellow spot on the cathode 
where it is hit by the anodic rays. The spectra of the anodic and cathodic lights 

„ t 

I °° • 
] 15° . 
\ 25° . 
[ 35° . 
j 0° . 
( 35° . 

8 
9218 
136-5 

87-5 

16 
96-57 

143-5 
176-3 
211-4 
91-3 
89-9 
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101-25 
148-4 
182*7 
219-5 
95-7 
93-3 
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233-5 
1000 
1000 
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1061 
158-3 
194-4 
234-6 
100-0 
1000 
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were e x a m i n e d . H . Ollivier s t u d i e d V e r d e t ' s c o n s t a n t , a n d t h e p a r a m a g n e t i s m 
of t h e sa l t . E . C. F r a n k l i n a n d C A . K r a i i s sa id t h a t t h e sa l t is insoluble in l i qu id 
a m m o n i a ; A. N a u m a n n , t h a t i t is inso lub le in a c e t o n e ; a n d B . R e i n i t z e r t h a t 
100 c.c. of a soln. in a lcohol c o n t a i n 5-13 g r m s . of N a 2 C r 2 O 7 ^ H 2 O . T h e alcoholic 
soln. decomposes r ap id ly . V . K . Ia Mer a n d C. Li. R e a d found t h a t t h e r e a c t i o n 
b e t w e e n s o d i u m h y d r o x i d e a n d d i c h r o m a t e is un imo lecu l a r w i t h r e spec t t o t h e 
d i c h r o m a t e a n d t h e ve loc i ty c o n s t a n t is & = 5 2 9 pe r min . , a n d t h e h e a t of r e a c t i o n 
15,320 cals. pe r mo l of d i c h r o m a t e . T h e resu l t s a r e b e s t i n t e r p r e t e d as i nvo lv ing 
t h e r eac t ions : C r 2 O 7 " - h H 2 0 ^ 2 H C r 0 4 ' (slow), w i t h <?-= — 13,64O cals . p e r m o l 
C r 2 O " 7 ; H C r O 4 V ^ H - + C r O 4 " ( rap id) , w i t h Q=780 cals . pe r m o l H C r O 4 ' ; a n d 
H H - O F = H 2 O ( rap id ) . 

T h e m a n u f a c t u r e of p o t a s s i u m dichromate , K 2 C r 2 O 7 , h a s b e e n d i scussed in 
c o n n e c t i o n w i t h t h e e x t r a c t i o n of c h r o m i u m from c h r o m i t e , e t c . F . T a s s a e r t 4 

o b t a i n e d i t b y m i x i n g soln. of c h r o m i c ac id a n d p o t a s s i u m h y d r o x i d e in such 
p r o p o r t i o n s t h a t t h e soln. r e a c t s ne i t he r ac idic n o r a lka l ine , a n d e v a p o r a t i n g t h e 
l iqu id . T h e d i c h r o m a t e first s e p a r a t e s o u t , a n d t h e m o t h e r - l i q u i d , t h e n r e a c t i n g 
a lka l ine , furnishes t h e m o n o c h r o m a t e . I t is a lso o b t a i n e d from acidified soln . of 
p o t a s s i u m c h r o m a t e . E . G r a y , a n d V. S. Yatloff a lso desc r ibed i t s p r e p a r a t i o n . 
T h e cond i t i ons of equ i l ib r ium h a v e b e e n s t u d i e d b y IT. A. H . S c h r e i n e m a k e r s , 
F . F l o t t m a n n , a n d I . K o p p e l a n d E . ELumentha l , a n d t h e r e su l t s a r e s u m m a r i z e d 
in F igs . 36 t o 4 1 . Y . R . Golds te in , a n d H . P i n c a s s d i scussed t h e t r a n s f o r m a t i o n 
f rom c h r o m a t e t o d i c h r o m a t e b y c a r b o n d iox ide ; a n d I . Obreimoif a n d W . J . d e 
H a a s , t h e colour changes a t low t e m p . T h e b r i g h t - r e d , r e c t a n g u l a r , four-s ided 
t a b u l a r or p r i s m a t i c c rys t a l s a re t r ic l in ic p inaco id s which , acco rd ing t o J . S c h a b u s , 
h a v e t h e ax ia l r a t i o s a : b : c — 0 5 5 7 5 : 1 : 0-5511, a n d <x=82° O', £ = 90° 5 1 ' , a n d 
y = 8 3 ° 4 7 ' . T h e (010)-c leavage is per fec t ; a n d t h e (100)- a n d t h e (0Ol)-c leavages 
a r e d i s t i nc t . G. N . Wyrouboff also m a d e some c rys t a l log raph ic o b s e r v a t i o n s . 
B . Gossner a n d F . M u s s g n u g showed t h a t t h e X - r a d i o g r a m s of t h e t r ic l in ic sa l t 
c o r r e s p o n d w i t h a u n i t cell h a v i n g 4 mols . , a n d a = 7 - 5 0 A., 5 = 7 * 3 8 A., a n d 
c = 13-40 A., wh i l s t <x=82° 0 ' , £ = 9 6 ° 1 3 ' , a n d y = 9 0 ° 5 1 ' . H . D u f e t o b s e r v e d t h a t 
t h e op t i ca l c h a r a c t e r is p o s i t i v e ; a n d t h a t t h e op t i c ax ia l angles 2/£ = 98° 5 8 ' 
a n d 2 y = 5 1 ° 5 3 ' for t h e ZMine ; a n d 2 F = 5 2 ° 24 ' for t h e Li- l ine . A. Bee r 
obse rved t h a t t h e c ry s t a l s a r e p leochro ic . H . B a u m h a u e r s t u d i e d t h e cor ros ion 
figures. A. Schubnikoff s h o w e d t h a t a c rys ta l , s u s p e n d e d in a s l ighly supe r ­
s a t u r a t e d soln. r o t a t i n g o n a h o r i z o n t a l ax i s , g rows so t h a t t h e (OOl)-face is b r i g h t 
a n d s m o o t h , while t h e (OOl)-face is dul l a n d rough , whi le t h e o t h e r para l l e l faces 
a r e n o t t h e s a m e size or a r e a b s e n t . T h i s is t a k e n t o show t h a t t h e c ry s t a l s of t h e 
d i c h r o m a t e be long t o t h e a s y m m e t r i c class of t h e t r ic l in ic s y s t e m . A. H e t t i c h a n d 
A. Schleede m a d e o b s e r v a t i o n s o n t h e c rys t a l s . E . P i e t s c h a n d co-workers f o u n d 
t h a t t h e a t t a c k on t h e c rys t a l s b y s u l p h u r i c ac id beg ins a t t h e corners a n d edges . 
D . N . ArtemeefT, R . Marc , M. Ie B l a n c a n d W . S c h m a n d t , H . J e a n n e l , M. K i m u r a , 
a n d C. Toml inson s t u d i e d t h e g r o w t h of c rys t a l s in s u p e r s a t u r a t e d soln . T h e 
r a t e of g r o w t h of t h e c rys t a l s is n o t solely a diffusion p h e n o m e n o n as is t h e case 
w i t h t h e speed of d issolu t ion—vide infra. H . A. Miers sa id : 

If a drop of strong soln. of potassium, d ichromate , p laced u p o n a microscope-s l ide, b e 
observed under the microscope as i t crystal l izes , a n d if t h e drop b e sufficiently t h i n , i t wil l 
general ly be found t h a t t h e fol lowing e v e n t s t a k e place : T h e first crysta ls m a k e their 
appearance a t the edges of the drop and after growing rapidly for a short period as branching 
fibres, t h e y beg in t o grow quiet ly in the form of p la tes or f lat tened rods present ing the 
characterist ic form of t h e crystals of th is substance . These crystals cont inue t o grow 
uniformly, b u t after a short period, a t a dis tance from the growing crystals , a n d a t s o m e 
spo t where t h e drop is th in , a fresh crystal l ine growth starts sudden ly from a po int , and 
e x t e n d s w i t h great rapidi ty in all directions in t h e form again of branching needles and 
fibres. After a short period th i s rapid growth ceases and each of the fibres swel ls o u t a t 
t h e e n d in to a well-defined crystal a n d cont inues t o grow s lowly a n d uni formly a s a s ingle , 
regular p late . T h e process m a y be repeated b y t h e sudden d e v e l o p m e n t of a n e w spon­
taneous g r o w t h ixi another port ion of t h e drop, and t h e same success ion of e v e n t s m a y be 
repeated again a n d again . S o m e t i m e s these success ive growths cons t i tu te a series of 
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rings approx imate ly parallel t o t l ie edges of the drop w h i c h fol low one another ti l l the 
centre of t h e drop is reached. 

A n il lustration of a drop of the dichromate in the act of crystal l ization is shown 
1. 11 , 3 , F ig . 11 . The phenomenon connected wi th crystall izations in labile and 
metastable s o l n . — 1 . 9, 6, F ig . 14—gave a possible explanat ion for the periodic 
crystal l ization of soln. of potass ium dichromate. E . Pietsch and co-workers 
s tudied the a t tack at the corners and edges of the crystals b y cone, sulphuric acid, 
and b y an ethereal soln. of hydrogen dioxide. W . v o n Behren and J. Traube 
studied the phenomenon at tending the dissolution and crystallization of the salt. 
E . S. H e d g e s obtained spiral forms of rhythmic crystallization ; and E . N . Gapon 
studied the rate of crystal l ization. 

Crystals appear a t t h e edge of t h e drop where , owing t o evaporat ion or cooling, the soln. 
is sufficiently s trong t o be in the labile condit ion, a n d proceed as rapidly growing fibres ; 
b u t so soon as these h a v e b y their growth reduced t h e s trength of the soln. in their neigh­
bourhood t o t h e metas tab le s ta te t h e y cont inue t o grow quiet ly and uniformly ; present ly , 
however , a t s o m e po in t sufficiently d i s tant from t h e growing crystals t o be also in the 
labile s ta te , crystal l izat ion s tarts afresh, e i ther spontaneous ly or perhaps through inocu­
lat ion b y a crystal l ine speck fall ing in to t h e drop from the air. This again proceeds as the 
rapid, fibrous growth , characterist ic of the labile condi t ion , unt i l again the l iquid passes 
in to t h e metas tab le s ta te and the g r o w t h is s low. 

Soln. wi th 17-266 (28-5°), 20-0O (32-2°) and 29-09 (43-5°) grms. of salt in 100 
parts of water, and sat. a t the t emp, named, were labile respect ive ly a t 18-5°, 22°, 
and 34°. M. Volmer and A. Weber discussed the formation of nuclei in undercooled 
soln. C. Decharne observed the crystal l izat ion of the dichromate from a soln. 
m i x e d wi th gum, when under the influence of a strong magnet ic field. G. Briigel-
m a n n said t h a t potass ium dichromate forms isomorphous mixtures wi th 
pentahydrated cupric sulphate, but J . C. Gr. de Marignac did not agree. 
S. F . Schemtschuschny studied the formation of isomorphous mixtures with 
potass ium chloride ; and C. F . Rammelsberg , P . Groth, !L. Stibing, A. Sella, A. Fock, 
H . Ie Chatelier, and C. v o n Hauer , solid soln. w i th potass ium pyrosulphate . 
C. v o n Hauer observed t h a t the crystals of the dichromate take u p potass ium 
sulphate when t h a t salt is present in the l iquid during the crystall ization. 

Triclinic potass ium dichromate m a y be called the cx-form ; there is also a mono-
clinic y8-form. E . Mitscherlich observed t h a t w h e n the mo l t en dichromate is slowly 
cooled, crystals are formed which afterwards decrepitate ; O. L e h m a n n showed 
t h a t the change is reversible ; G. T a m m a n n found t h a t there is a large change in 
vol . at 240°, accompanied b y an imperceptible thermal change ; G. T a m m a n n 
and Q. A. Mansuri measured the rate of crystal l ization of the powdered salt and 
found t h a t i t commences a t 160° wi th particles over 1 m m . diam., a t 166° with 
particles be tween 1-0 and 0-3 m m . , and at 158-5°—163° wi th particles smaller than 
0-3 m m . , and G. N . Wyrouboff concluded tha t potass ium dichromate exists in three 
forms : (i) a monocl inic form stable near the m.p. ; (ii) a triclinic form stable at the 
ordinary t e m p . ; and (iii) a second triclinic form stable in a narrow range of t emp, 
b e t w e e n t h e other t w o forms. S. F . Schemtschuschny added t h a t the transit ion 
t e m p . , OL-IL21CT2O7-P-K2Or2O7, is 236° ; and P . L. Robinson and co-workers gave 
236-8°. P . L . Hobinson and co-workers added t h a t the salt separates from the 
fused s tate in a c o m p a c t mass of dark brownish-red, tabular crystals wi th marked 
reduct ion in vo lume. On further cooling, the crystals change to a loose, orange-
red powder. The exis tence of Gr. N . WyroubofFs second triclinic form has not 
been confirmed, so t h a t the crystals which first separate from the cooling liquid are 
doubly refracting—probably monoclinic, and at about 236° these crystals pass into 
the ordinary triclinic form. O. Hauser and H. Herzfeld observed that when hot, 
cone. soln. of potass ium dichromate and hot potass ium th iocyanate are mixed, the 
d ichromate crystall izes on cooling in yel lowish-brown, doubly-refracting, mono­
clinic plates . The sp. gr. of this form is 2-10, whereas t h a t of the ordinary triclinic 
var ie ty is 2*67. The monocl inic dichromate is unstable, and is transformed into 
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the triclinic salt wlien kept in contact wi th i ts sat. soln., or in mois t air. I t seems 
probable that this form of the potass ium salt is isomorphous wi th monoclinic 
ammonium dichrornate. A . Duffour also observed t h a t if a considerable excess of 
aluminium sulphate is added t o a solu. of potass ium monochromate , some aluminium 
hydroxide is precipitated, and when the soln. is concentrated b y heat , potass ium 
dichromate separates out in monoclinic and triclinic crystals. The monoclinic 
crystals are isomorphous wi th those of rubidium and a m m o n i u m dichromates . 
P. L. Stedehouder and P. Terpstra found for the monoclinic form a : b : c 
= 1 * 0 1 2 3 : 1 : 1-7675, and / J = S S 0 4-5' ; and the optic axial angle of the pleochroic 
crystals 2 F = 6 6 ° 14'. The X-radiograms gave a = 7 - 4 2 A., 6 = 7 - 3 5 A., c = 1 2 - 9 7 A., 
and £ — 91° 55°, with 4 mols. per unit cell which is face-centred on the (lOO)-side. 
According to A. Duffour, the axial ratios for the three forms are a : b : c 
— 1 0 1 6 7 : 1 : 1-7716, and £ = 9 1 ° 55 ' for K 2 Cr 2 O 7 ; 1 0 2 0 2 : 1 : 1-8081, and 
£ — 9 8 ° 28-5' for Rb 2 Cr 2 O 7 ; and 1 0 2 7 1 : 1 : 1-7663, and £ = 9 3 ° 42 ' for (NH 4J 2Cr 2O 7 . 
Al though the monoclinic crystals of the dichromate are the unstable form, t h e y 
exhibit false equilibrium, and can be kept in contact wi th triclinic crystals in the 
cold wi thout any appreciable change. They dissolve in a soln. saturated wi th 
respect to triclinic crystals a t 12-5°, whereas triclinic crystals are unaffected under 
the same conditions. On heating, the monoclinic crystals decrepitate, and then 
behave like the triclinic crystals. The following description of potass ium 
dichromate refers t o the stable, triclinic forms unless s tated otherwise. A. Duff our, 
and A. ~F. Hal l imond discussed the isodimorphism of potass ium and a m m o n i u m 
dichromates ; H. E . Buckley , the effect of dichromates on the crystal l ization of 
sodium chlorate. 

C. J. B. Karsten gave 2-603 for the sp. gr. of potass ium dichromate ; J. Schabus, 
2-689 ; L. Playfair and J. P . Joule , 2-692 a t 3-9° ; and H . Schiff, 2-721. 
H. Gr. F . Schroder gave 2-702 for that which had been melted, 2-751 for t h a t which 
had been mel ted and disintegrated, and 2*702 for the powdered salt. P . Kremers, 
and G. T. Gerlach gave for the sp. gr. of soln. a t 19-5°/19-5° : 
K 2 Cr 2 O 7 . 1 3 5 7 9 11 13 15 per cent. 
Sp.gr . . 1-867 1022 1037 1-05O 1065 1-08O 1097 1-110 

F. F lo t tmann gave for the sp. gr. at 15°, 20°, and 25°, respectively, 1-0635, 1-0768, 
and 1-0916. For A. Heydweil ler's observations, vide infra. J . A. Ewing and 
J. G. MacGregor gave for soln. wi th 0-99, 2-44, 4-76, and 7-69 per cent. K 2 Cr 2 O 7 
the respective values 1-0069, 1-0172, 1-0345, and 1 0 5 6 1 at 10°/4° ; and F . Fouque 
gave for soln. with 5-9 grms. of K 2 Cr 2 O 7 per 1000 grms. of water 1-0045 at 0°/4° ; 
1-0037 at 16-40 /4° ; 1-9812 a t 75-5°/4° ; and 1-9651 a t 99°/4° ; for soln. wi th 37-3 
grms. of salt per 1000 grms. of water, 1-0257 a t 0° ; 1-0234 a t 19-6° ; 1-0030 a t 
69-6° ; and 0-9843 at 99° ; and for soln. wi th 89-2 grms. of salt per 1000 grms. of 
water, 1 0 6 3 5 a t 16° ; 1-0349 at 79° ; and 1-0221 a t 99-5°. Observations on the 
sp . gr. were also made b y E . F . Anthon , R . L.. D a t t a and N . R. Dhar. R. Lorenz 
and W. Herz studied the critical density of this and related salts. J . N . Raksh i t 
studied the contraction which occurs when potass ium dichromate is dissolved in 
water, and in ethyl alcohol. K. F . Slotte found the sp. gr. of soln. of potass ium 
dichromate with 4-71 and 6-97 per cent. K 2 Cr 2 O 7 t o be respectively 1-0325 a t 11°, 
and 1-0493 a t 10-6° ; and the viscosit ies (water 100) respectively 98-9, and 98-6 
at 10° ; 76-2 and 76-9 a t 20° ; 61-7 and 62 at 30° ; and 51-1 and 51-4 at 40°. 
A . Kani tz gave for 2N-, 42V-, and 82V-soln. the respective viscosit ies 1 0 0 6 1 , 1-0034, 
and 0*9999 (water unity) a t 25°. Li. J . S imon measured the v iscos i ty of soln. of 
the salt—vide supra, potass ium chromate . I . Traube gave 235-9 mgrms. for the 
drop-weight of the molten salt. R. Lorenz and W . Herz gave 123-6 for the surface 
tension a t the b.p. , and 140-6 a t the m.p. R . Lorenz and H . T. K a l m u s gave for 
the v iscos i ty 77 in C.G.S. uni ts : m 

397° 417° 437° 457° 477° 4©7° 607° 
T) . 0-1339 0-1187 0-1059 0-0938 00823 0-0715 0-0664 

Sp.gr
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F . Rtidorfi found tha t the salt in aq. soln. diffuses through a membrane without 
dissociation. According to T. Sabalitschka and Gr. LKubisch, when soln. of potassium 
dichromate are dialyzed, the ratio K : Cr outside the dialyzer is not constant but 
is greater than 1. Chromic acid dialyzed more quickly than potass ium chromate. 
Hence , i t -was inferred that potass ium dichromate is partly decomposed into normal 
chromate and trichromate in dil. aq. soln. : 2K 2 Cr 2 O 7 ^K 2 CrO 4 -J-K 2 Cr 3 O 1 0 . 
IL. Playfair and J. P . Joule found the coeff. of 
thermal expansion—cubical—of the salt t o be 0-0122 
between 0° and 100°. F . E . N e u m a n n gave 0 1 8 5 7 
for the sp. ht . ; while H . K o p p gave 0-186 between 
21° and 52° ; H . V. Regnault , 0-186 between 16° 
and 98° ; and P . Nordmeyer and A. L. Bernoulli , 
0-1386 between —186° and 20°. T. Thomson ob­
served that the dichromate decrepitates when heated, 
and melts at a t emp, much below redness, forming 
a transparent, red liquid, which on cooling solidifies 
t o a red fibrous mass, which falls to pieces spon­
taneously—vide supra. C. Schubert, and W. Hempel 
and C. Schubert, observed that the evolut ion of 
gas sets in at 500°, and has not ceased as the t emp, 
is raised t o 1500° ; the reaction is represented 
4 K 2 C r 2 O 7 = 3 0 2 + 2 ( C r 2 0 3 . 2 K 2 C r 0 4 ) . A , Eucken 
and G. K u h n gave 0-00395 t o 0-00417 for the sp. ht . of large crystals at —190° ; and 
at 0°, 0 0 0 4 2 8 to 0 0 0 4 2 9 . S. F . Schemtschuschny found that the stable form at the 
higher temp, has the m.p. 395° ; E . Groschuff gave 396° ; H . S. Roberts , 397-5° ; 
and P. L. Robinson and co-workers gave 398-4° ± 0 - 5 ° . S. F . Schemtschuschny found 
that the m.p. diagram of mixtures of potass ium chloride and dichromate has two 
branches meeting at the eutectic 366° and 27-5° molar per cent, of the chloride— 
Fig. 71 . Solid soln. are formed only on the dichromate side of the curve, these 
contain about 25 molar per cent, of chloride. Sections v iewed under the micro­
scope have the uniform structure of solid soln. only when taken from the dichromate 
side of the eutectic, those on the chloride side show crystals of chloride embedded 
in the groundwork of the eutectic mixture. J. B. Robertson studied the equilibrium 
diagram for the sys tem N a 2 C r 2 O 7 + 2 K C l ^ K 2 C r 2 O 7 + 2 N a C l at 25°, 50°, and 100° ; 
the results are plotted in Fig . 70. Potass ium dichromate and sodium chloride are 
the compatible salt pair at all t e m p . ; as the temp, increases the areas on the 

F I G . 7 0 . — R e c i p r o c a l Sa l t Pair : 
K 2 Cr 2 O 7 + 21STaCl= 2KCl 
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F i a . 71-—Freezing-point Curve of Mix­
tures of K 2 C r 2 O 7 - K C l . 

F I G . 72. Freezing-point C u r v e of Mix tu re s 
of KCrO 4 -CrO 3 , or of K 2 Cr 2 O 7 -K 2 CrO 4 . 

diagram representing potass ium and sodium chlorides increase considerably at the 
expense of the area representing potass ium dichromate. The sodium dichromate 
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area is always very small. E . Grroschuff found that the f.p. curve of mixtures of 
potassium chromate and dichromate falls regularly from the m.p. of the chromate 
a t 971° to the eutectic at 393° and 99 per cent, of dichromate, and i t then rises t o 
396° the m.p. of the dichromate. A t the transition t emp. , Ot-K2CrO4^jS-K2CrO4, 
666°, the mixture contains about 75-5 per cent, of dichromate—Fig. 72 . 
E. Groschnff's a t tempts to obtain the f.p. curve of mixtures of potass ium chromate 
with over 50 molar per cent, of chromic acid were not successful owing to the 
decomposition of the chromic acid—Fig. 72. Potass ium dichromate suffers con­
siderable decomposit ion when heated to the m.p. of the monochromate . 
P. Grouvelle observed that at a high temp, potass ium dichromate decomposes into 
potass ium chromate, chromic oxide, and oxygen . 

M. Amadori studied the m.p. of mixtures of potass ium dichromate wi th 
the dimolybdate and the ditungstate. The f.p. of OSM- and 0 1 . M - K 2 C r 2 O 7 

is found by R. Abegg and A. T. Cox to be respect ively —0-27° and —0-49° ; 
I. Koppel and E . Blumenthal gave —0-63° for the f.p. of a sat . soln. hav ing 
4-5 grms. of salt per 100 grms. of water. This is the cryohydric or eutect ic t e m p , 
for which F . Guthrie gave - 0-7° with 0-18Af-soln., and C. M. Guldberg, —0-8° 
with 0-15i^/-soln. M. S. Sherrill found the lowering of the f .p. of very dil. soln., 
and calculated the ionization factor i—1. 10, 15-—to be : 

K0Cr0O7 00005M- 0001M- 00051OiWf- 01234Af- 0*02053ilf-
F.p. . —000362° _o-00706° —0*0350° —0*070° —0-113° 
i . 3-9 3-8 3-70 307 2-98 

K2Cr2O7 . O030O4ildT- 0-05340i*£-
F.p. . . —0158° 0-263° 
i . . 2-84 2-66 

T h e first t w o s e t s of d e t e r m i n a t i o n s q u o t e d are b y T . G. B e d f o r d . T h e f a c t t h a t 
t h e f a c t o r i i n di l . s o l n . a p p r o a c h e s t o 4 m e a n s t h a t n o t o n l y i s t h e m o l e c u l e K 2 C r 2 O 7 

i o n i z e d i n t o t h r e e i o n s K 2 C r 2 O 7 ^ 2 K * - f - C r 2 O 7 " , b u t t h a t t h e a c i d r e s i d u e i s a l s o 
h y d r o l y z e d : C r 2 O 7 ' ' + H 2 0 ^ 2 H C r 0 4 ' . H . G. L e o p o l d a n d J . J o h n s t o n f o u n d t h e 
m o l . l o w e r i n g of t h e v a p . pres s , of s o l n . c o n t a i n i n g 0-4 , 0 -6 , a n d 1 - 0 M - K 2 C r 2 O 7 t o 
b e r e s p e c t i v e l y 0 0 4 9 8 , 0 0 4 7 2 , a n d 0 - 0 4 1 9 . P . K r e m e r s g a v e 1 0 4 ° for t h e b . p . 
of a s a t . s o l n . ; M. A l l u a r d g a v e 103 -4° a t 7 1 8 m m . p r e s s . ; a n d I . K o p p e l a n d 
E . B l u m e n t h a l , 104-8° for a s o l n . w i t h 1 0 8 g r m s . of s a l t p e r 1 0 0 g r m s . of w a t e r . 
A . S p e r a n s k y f o u n d t h a t t h e v a p . p r e s s . , p m m . , of s a t . s o l n . of t h e d i c h r o m a t e 
b e t w e e n 3 0 - 0 6 ° a n d 5 4 - 7 5 ° c a n b e r e p r e s e n t e d b y p=K{(0—77-4O7)/0}&<>, w h e r e 
l o g J £ = 7 - 8 9 4 0 8 . R . L o r e n z a n d W . H e r z s t u d i e d s o m e r e l a t i o n s b e t w e e n t h e b . p . 
a n d t h e cr i t i ca l t e m p . W . H e r z g a v e 29*8 CaIs. f or t h e h e a t of f u s i o n p e r g r a m . 
J . G. F . D r u c e d i s c u s s e d t h e c r e e p i n g of t h e s a l t d u r i n g e v a p o r a t i o n . M. B e r t h e l o t 
g a v e for t h e h e a t of f o r m a t i o n , ( 2 H 2 C r 0 4 a q , 2 K O H a q ) = 2 7 - 2 CaIs. a t 8 ° ; 2 6 - 8 CaIs . 
a t 12° ; 26 -4 CaIs. a t 1 8 ° ; P . S a b a t i e r g a v e 2 7 - 0 CaIs. a t 1 7 ° ; a n d F . M o r g e s , 
2 4 - 9 8 2 CaIs . a t 19-5° . M. B e r t h e l o t a l s o g a v e ( 2 C r 0 3 a q , 2 K O H a Q ) = 4 3 - 8 CaIs . a t 
1 2 ° ; a n d ( 2 C r 0 3 s o I i d , 2 K O H 8 o l i d ) = 106 -8 CaIs. a t 1 2 ° ; ' ( 2 C r ( O H ) 3 , 2 K O H a q , 3O) 
= K 2 C r 2 0 7 a q . H - 3 7 - 8 CaIs. a t 8 ° , a n d w i t h K 2 C r 2 0 7 8 o H d , 5 4 - 8 CaIs . a t 8° ; a n d w i t h 
K O H s o l i d a n d K 2 C r 2 0 7 8 o i l d , 1 1 3 - 0 CaIs. a t 8 ° ; ( K 2 C r O 4 8 o l i d , C r O 3 8 O i i d ) = 1 5 - 0 CaIs . , 
a n d K 2 C r 2 0 7 ( 1 2 l i t r e s of w a t e r ) + 4 K O H ( 8 l i t r e s of w a t e r ) = 2 K 2 C r 0 4 a q + 2 3 - 6 
CaIs. a t 1 2 ° ; w h i l e P . S a b a t i e r g a v e 2 3 - 0 CaIs. a t 17° . H . R o s e s a i d t h a t t h e 
d i c h r o m a t e d i s s o l v e s i n w a t e r w i t h a f e e b l e a b s o r p t i o n of h e a t . F o r t h e h e a t of 
s o l n . , T . G r a h a m g a v e — 1 7 - 0 8 CaIs. ; F . M o r g e s g a v e for a m o l of t h e s a l t i n 8 2 5 
m o l s o f w a t e r — 1 7 - 1 6 9 CaIs . a t 19 -5° ; J . T h o m s e n , w i t h 40O m o l s . of w a t e r , — 1 6 - 7 
CaIs . a t 1 8 ° ; a n d w i t h 6 5 3 - 5 m o l s of w a t e r , M . B e r t h e l o t g a v e — 1 7 - 0 2 CaIs . a t 1 1 - 6 ° , 
o r — 1 7 ; 0 2 - 6 ( # — 1 5 ) CaIs. a t 0 ° . E . v o n S t a c k e l b e r g g a v e for a m o l of K 2 C r 2 O 7 a t 
1 7 - 5 ° w i t h n m o l s of w a t e r : 

f» -. • • QO 1000 500 25O 167 
H e a t of so lut ion 18 ,400 17,440 16,885 16,335 16,000 cals . 
M e a t of d i lut ion 960 555 550 335 
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H . D u f e t g a v e for t h e ind ices of re f rac t ion of t h e t r ic l in ic c rys t a l s a ,=1-7202 , 
/ 8=1-7380 , a n d A = l - 8 1 9 7 for t h e Na- l ine ; a n d £ = 1 - 7 2 0 9 for t h e L.i-line ; a n d 
P . L . S t e d e h o u d e r a n d P . T e r p s t r a g a v e for t h e p leochro ic monoc l in ic c rys t a l s 
<x==l-715, £ = 1-762, a n d y = l*892. F . F o u q u e f o u n d for t h e re f rac t ive ind ices , /z, 
w i t h t h e I M i n e w i t h soln. of 5*9 g r m s . of K 2 C r 2 O 7 in 1000 g r m s . of w a t e r : 

9 0 ° 17-8° 5 0 0 ° 6 0 0 ° 7 0 0 ° 80-0° 93-2° 
JUL . . 1-3357 1-3350 1-3305 1-3289 1-3269 1-3259 1-3216 

w i t h soln. of 37-3 g r m s . K 2 C r 2 O 7 p e r 10OO g r m s . of w a t e r : 

6-8° 160° 500° 600° 700° 800° 92-5° 
/u, . . 1-3413 1-3405 1-334O 1-334O 1-3322 1-3300 1-3270 

a n d w i t h soln. of 89-2 g r m s . of K 2 C r 2 O 7 p e r 1000 g r m s . of w a t e r : 

16-8° 40-0° 50-0° 600° 70-0° 800° 95-4° 
/x . . 1-3508 1-3476 1-3459 1-3441 1-3420 1-3397 1-3360 

F . F l o t t m a n n g a v e for soln. s a t . a t 15°, 20°, a n d 25° t h e v a l u e s 1-35028, 1-35345, 
a n d 1-35685 for t h e D-l ine . J . W a g n e r , E . V i t e rb i a n d Gr. K r a u z , A . Lial lemand, 
E . F o r s t e r , K . V i e r o r d t , P . B a r y , B . K . Muker j i a n d co -worke r s , a n d R . Li. D a t t a 
a n d N . R . D h a r m a d e o b s e r v a t i o n s o n t h i s s u b j e c t ; a n d M. G. Mellon s t u d i e d 
t h e colour of t h e soln. J . H . G l a d s t o n e g a v e for t h e e q u i v a l e n t r e f r ac t ion w i t h 
t h e /Lt-formula, 79-9. T h e e x t i n c t i o n coeff. of 0 - 0 3 3 9 9 M - K 2 C r 2 O 7 for l i gh t of w a v e ­
l e n g t h s A = 508-6/x/x, 520-9/x/x, 536/x^, a n d 546-1/x/z a r e r e spec t ive ly 2-12, 0-976, 0-246, 
a n d 0 1 1 7 . L . R . Ingerso l l found V e r d e t ' s c o n s t a n t for t h e e l ec tromagnet i c rotatary 
power for l i gh t of w a v e - l e n g t h 0-6, 0-8, 1-0, a n d 1-25/x t o b e 0-0108, 0 0 0 6 4 , 0 0 0 4 2 , 
a n d 0-0025 r e spec t ive ly for soln. of sp . gr . 1-085. T h e absorpt ion s p e c t r u m w a s 
s t u d i e d b y P . S a b a t i e r , A. lS tard , O. K n o b l a u c h , F . G r u n b a u m , K . S. Gibson , 
H . C. J o n e s a n d W . W . S t r o n g , T. A d e n , N . R . T a w d e a n d G. R . P a r a n j p e , G. J a n d e r , 
J . F o r m a n e k , W . Bohlendorff , H . B r e m e r , F . Melde , G. Ross le r , J . Miiller, 
J . M. H i e b e n d a a l , H . S e t t e g a s t , a n d C. P . S m y t h . I . Plotnikoff a n d M. K a r s u l i n 
obse rved t h a t t h e a b s o r p t i o n of l i gh t b y p o t a s s i u m d i c h r o m a t e beg ins a t 595/x^x, 
a n d e x t e n d s t o w a r d s t h e u l t r a -v io l e t . T h e p h o t o c h e m i c a l a b s o r p t i o n begins a t 
595/Lc/z in t h e yel low, r eaches a m a x i m u m a t 5O0/u/x i n t h e green , a n d t h e n decreases 
t o a b o u t 240/u/x. Accord ing t o C. Schaefer a n d M. S c h u b e r t , t h e u l t r a - r e d reflection 
s p e c t r u m of p o t a s s i u m d i c h r o m a t e h a s t h r e e m a x i m a , o n e a t 18-12/*, a n d complex 
ones a t 12-14/Lt t o 13-22/LC, a n d a t 10-44/x t o 11-1/Lt. A . E . L i n d h , D . Coster , a n d 
O. Ste l l ing s t u d i e d t h e X - r a y spectra . H . v o n H a l b a n a n d K . Siedentopf, a n d 
J . B . F e r g u s o n d iscussed t h e p o t a s s i u m d i c h r o m a t e a n d m o l y b d e n u m n i t r a t e l igh t 
filter. H . M. V e r n o n e s t i m a t e d t h e degree of ion iza t ion of a q . soln. of t h e sa l t from 
t h e colour . I . Plotnikoff , a n d M. S c h w a r z s t u d i e d t h e p h o t o c h e m i c a l ox ida t i on of 
organ ic c o m p o u n d s b y d i c h r o m a t e s a n d c h r o m a t e s — v i d e supra, c h r o m i u m t r i ox ide . 
A. R e y c h l e r obse rved t h a t in d a r k n e s s t h e r e is n o pe rcep t i b l e a c t i o n b e t w e e n p o t a s ­
s ium iodide , a n d d i c h r o m a t e , a n d eosin in a q . soln. , b u t in l i gh t iodine is l ibe ra ted . 
A. K a i l a n f o u n d t h a t a n a q . soln. of p o t a s s i u m d i c h r o m a t e is r e d u c e d a t t h e r a t e 
of 3 X I O 1 1 mo l p e r second b y e x p o s u r e t o r a d i u m r a y s . R . H u n t t h o u g h t t h a t 
ac t in ized soln. of p o t a s s i u m d i c h r o m a t e p r o d u c e p r e c i p i t a t e s of c h r o m a t e s of 
a different co lour f rom t h o s e o b t a i n e d f rom soln. m a d e a n d k e p t in t h e d a r k . 
F . B u s h s h o w e d t h a t t h e difference is d u e t o t h e difference in t h e r a t e of mix ing t h e 
soln. , a n d n o t a n effect of ac t in i za t ion—v ide supra, s i lver ch ro rna t e . T . Svensson 
s t u d i e d t h e c h a n g e i n t h e c o n d u c t i v i t y , a n d p o t e n t i a l of soln. of p o t a s s i u m 
d i c h r o m a t e i n su lphu r i c ac id w h e n exposed t o l igh t . W . H e r z g a v e 2-42 X l O 1 2 

for t h e v i b r a t i o n f r equency . A . K a i l a n found t h a t t h e sa l t is decomposed b y 
e x p o s u r e t o r a d i u m r a d i a t i o n s . E . Mont ign ie obse rved t h a t p o t a s s i u m d i c h r o m a t e , 
a f te r e x p o s u r e t o u l t r a -v io l e t l igh t , affects a p h o t o g r a p h i c p l a t e . 

J . A . F l e m i n g a n d J . D e w a r f o u n d t h a t t h e die lec t r ic c o n s t a n t of w a t e r w i t h 
s o m e p o t a s s i u m d i c h r o m a t e i n soln . is n o t m u c h affected, a n d s imi lar ly a t —185° . 
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W. Schneider observed no piezoelectric effect. R. Lorenz and H . T. Kalmus found 
the sp. electrical conductivi ty of the fused salt to be : 

Sp. cond. 
397° 

0 1 9 5 9 
417° 

0-2381 
437° 

0-2745 
457° 

0-3109 
477° 

0 3473 
497° 

0-3837 
507° 

0-4019 m h o . 

Observations on the conduct iv i ty of aq. soln. were made b y R. X»enz, M. S. Sherrill, 
P . Walden, and J. Lundberg. A. Heydweil ler found for 01N-, 02N-, and 0-52V-
soln., the respective values 0-01010, 0-02012, and 0-05005 for the sp. gr. a t 18°, 
and 98-2, 93-1, and 85-4 for the eq. electrical conductivities. H . C. Jones and 
C. A. Jacobson observed the mol. conductivity , JUL mho, between 0° and 35°, and 
A. P . Wes t and H . C. Jones between 35° and 65° when a mol of the salt is dissolved 
in v litres : 

o° 
10° 
26° 
35° 
65° 

0° 
36° 
65° 

8 
116-3 
153-7 
216-9 
261-7 
352-9 
54-2 
47-3 
78-6 

16 
128-7 
171-1 
2430 
294-5 

6 0 0 
53-2 

32 
137-5 
184-2 
262-9 
319-9 
396-9 

64-1 
57-8 
88-4 

128 
152-6 
204-5 
2 9 7 0 
365-3 
417-9 

71-1 
66-0 
9 3 1 

512 
190-6 
260-8 
3 8 4 0 
475-4 
426-8 

88-8 
85-9 
95-1 

1024 
204-9 
280-5 
420-5 
522-8 

95-5 
94-5 

The calculated values for the percentage ionization, <x, are also 
W. C. D . Whetham gave for the eq. conductivity, A mho, with soln. 
iV-gram-equivalents per litre a t 0° : 

JV 
A 

0 - 0 0 0 0 1 
8 1 - 3 

0 0 0 0 1 
7 6 - 3 

0 0 0 1 
7 1 - 4 

O-Ol 
7 0 - 4 

0-1 
6 4 - 3 

2 0 4 8 
2 1 4 - 6 
2 9 4 - 3 
4 4 1 - 7 
5 5 3 - 4 
4 4 8 - 9 
1 0 0 - 0 
lOO-O 
1 0 0 - 0 

indicated, 
containing 

0-2 
61-5 

and inferred^from the small rise in conduct ivi ty with increasing dilution soln. of 
medium c o n e , and a larger change with soln. of small c o n e , that in the former 
case the ionization proceeds Cr2O7"+H20;F^2HCr O4', and in the latter case 
HCr04'=F^H"-f-Cr04". E . Spitalsky found the H'-ion c o n e , from observations 
on the effect of the dichromate soln. on the veloci ty of hydrolysis of diazoacetic 
ether, to be 0-000259 with soln. containing 0*1012 mol of K 2 Cr 2 O 7 per litre, and 
0-000188 wi th soln. containing 0-0664 mol per litre. W. V. Bhagwat and N. R. Dhar 
found that the salt exists in aq. soln. probably as KHCr 2O 4 . G. P . Vincent 
studied the depolarizing action of acidic soln. of the dichromate on hydrogen 
liberated a t a smooth plat inum electrode. T. Murayasu studied the con­
duct iv i ty of soln. in glycine. W. Spring observed that soln. of dichromate, on 
standing, s lowly change their colour, and their electrical conduct ivi ty ; this means 
t h a t there is a slow change in the condition of the soln.—vide supra, potassium 
chromate, and chromic acid. H . Buff observed that on electrolysis of the molten 
salt, oxygen is evolved a t the anode ; and F . Morges added that the dichromate is 
reduced to chromate a t the cathode—vide supra. For the photochemical action 
of l ight, vide chromic acid. S. Schlivitch observed a photovoltaic effect wi th soln. 
of potass ium dichromate and plat inum electrodes. F . Weigert studied the electro­
lyt ic reduction of soln. of the dichromate. J . B . Johnson discussed the e.m.f. due 
t o the thermal agitation of a soln. of the dichromate. 

Gr. Meslin said that potass ium dichromate is paramagnetic. H e found that 
the magnet ic susceptibility of the powder is 0-13 X 1 0 ~6 mass u n i t ; and G. Quincke 
gave for a soln. of the dichromate between 18° and 20°, 0-76 x 1 O - 6 mass unit . 
J . Forrest measured the variations in the parallel and transverse components of 
the magnetizat ion of the crystals. P . Weiss and P. Collet found the paramagnetism 
of a soln. of the dichromate is constant between 14° and 50° ; and the subject was 
discussed b y P . Weiss , Li. A. WeIo and A. Baudisch, and S. Berkman and H. Zocher. 
W . G. Hankel and H . Liindenberg found t h a t the crystals exhibit pyroelectricity in 
t h a t when warmed the (OOl)-face is usually posit ively electrified, and the (OOfj-face 
negat ive ly electrified—the reverse behaviour is rare. 
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- 0 - 6 3 ° 
4 - 3 1 

0° 
4 - 4 3 

3 0 ° 
15-4O 

6 0 ° 
3 1 - 3 0 

104-8° 
5 2 O O 

117° 
5G-IO 

148° 
6 6 - 8 0 

180° 
7 2 - 5 0 

T. Thomson said that potass ium dichromate has a cooling, bitter, metal l ic taste ; 
i t is stable in air, and is not hygroscopic. V. Ipatieff and A. Kisseleff found that 
when 22V^-K2Cr2O7 wi th some cone, sulphuric acid is exposed to hydrogen a t 180° 
t o 200 a tm. press., a crystalline compound, K 2 O.Cr 2 O 3 .Cr 2 (S0 4 ) 3 .H 2 0 , is formed. I t is 
insoluble in acid, and is dissolved b y molten sodium carbonate and potass ium nitrate . 
H . P . Cady and R-. Taft found potass ium dichromate to be appreciably soluble in 
phosphoryl chloride, and very s l ightly soluble in liquid sulphur dioxide. According 
to C. F . Cross, in an a tm. sat . wi th moisture, a mol of the salt takes up 3'5 mols 
of water which is removed b y pressing i t between filter-papers. Observations on the 
solubil ity of potass ium dichromate in water were made b y T. Thomson, H. Moser, 
M. Ie Blanc, M. Alluard, P . Kfemers , M. S. Sherrill, A. Michel and L. Krafit, and 
H. G. Greenish and F . A. U. Smith. The following observations on the percentage 
solubility, S9 are due to I. Koppel and E . Blumenthal for t emp, below 100°, and to 
W. A. Tilden and W. A. Shenstone for t emp, above 110° : 

—vide Figs . 36 to 41 . F . A. H . Schreinemakers gave 18-12 per cent , at 30°. 
A . lStard obtained the following values for S : 

1° 20° 61° 104° 150° 215° 312° 300° 
S . . 4 1 1 0 - 4 3 0 - 2 4 8 60*8 7 6 - 9 9 1 - 8 9 7 - 4 

but the results are considered t o be too low. F . F l o t t m a n n found the solubil ity 
at 15°, 20°, and 25° to be 0-321, 0-396, and 0-482 mols per litre, or 8-893, 10-822, and 
12-980 per cent . R. Marc, M. Ie Blanc and W. Schmandt , and E . V. Murphree 
measured the rate of soln. of the salt in water, and showed t h a t the process is deter­
mined b y the rate of diffusion of the salt from the surface of the solid into the body 
of the l iquid. J. Traube and W. v o n Behren discussed the formation of sub microns 
during the dissolution of the dichromate. T. Thomson said that an aq. soln. of the 
salt reddens l i tmus, and R. T. Thomson, and J. A. Wilson, that i t is neutral towards 
lacmoid. The hydrolysis , C r 2 0 7 " + H 2 0 ^ 2 C r 0 4 " + 2 H \ was studied b y J. Sand 
and K. Kast le , and the equilibrium constant, i £ = [ C r 0 4 ' / ] 2 [ H \ j 2 / [ C r 2 0 7 ' ' ] , could 
not be determined satisfactorily owing to unrecognized disturbing condit ions, but 
approximate est imates gave Z = l - 5 x l 0 ~ 1 3 a t 25° ; consequently , a 0-liV-soln. is 
0*18 per cent, hydrolyzed. W. Herz and F . Hiebentha l gave for the solubil i ty of 
potass ium dichromate, S, one-s ixth mol per litre, in w-normal soln. of l i thium 
chloride, etc. : 

LiCl J -

NaCl j * 

NH4Cl Jg 
MgCl2 \% 

CaCl2 \™ 

SrCl2 J £ 

where for LiCl, # = 2 9 0 —0'352w ; for NaCl, S = 3-195—0-230/&; for ISTH4Cl, 
S = 3 ' 0 6 6 — 0 - 3 0 9 n ; for MgCl 2 , £ = 2 - 9 5 — 0 3 8 0 * i ; for CaCl2, & = 3-02 — 0-250« ; 
a n d for SrCl2, S = 3 12—0-21On. 

A . C. Robertson represented t h e catalyt ic act ion of the dichromate on hydrogen 
dioxide b y the cyclic reactions : K 2 C r 2 O 7 + H 2 O 2 = 2 K C r O 4 + H 2 O , and 2KCrO4 
+ H 2 0 2 = K 2 C r 2 0 7 + H 2 0 + 0 2 . ES. Pietsch and co-workers studied the surface-
conditions in the reaction be tween potass ium dichromate and hydrogen dioxide. 
For the act ion of hydrogen dioxide, vide infra, perchromates. J. W. Thomas 

0 - 4 9 0*92 1-78 2 - 7 8 3 - 6 1 4 - 4 9 
2 - 8 9 
0 - 4 7 
2 - 9 1 
0 - 7 3 
2 - 8 2 
0 - 4 5 
2 - 7 8 
0 - 2 4 
2 - 8 8 
0 - 5 1 
2 - 8 9 

2 - 7 8 
0 - 9 4 
2 - 9 8 
1-79 
2 - 5 4 
0 - 9 3 
2 - 6 4 
0 - 4 5 
2 - 9 1 
1 0 0 
2 - 9 1 

2 - 5 5 
1-91 
2 - 7 9 
2 - 5 9 
2 - 3 2 
1-84 
2 - 2 4 
0 - 9 2 
2 - 8 4 
2 - 0 2 
2 - 7 3 

2 - 2 6 
2 - 8 4 
2 - 6 2 
3 - 1 0 
2 1 6 
2-31 
2 0 7 
1-41 
2 - 6 9 
2 - 2 8 
2 - 6 9 

1-85 
3-8O 
2 - 3 3 
4-OO 
1-83 
2 - 7 4 
1-91 
1 -64 
2 - 6 2 
2 - 8 4 
2 - 6 2 

1-37 
4 - 2 1 
2 - 2 4 
5 - 3 2 
0 - 9 1 
3 1 5 
1-76 
1-87 
2 - 5 6 
3 - 4 7 
2 - 3 8 

1-32 
5 - 6 3 
2 0 6 

1 1 - 4 2 
1-88 
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found that potassium dichrornate first forms potassium chloride, and chromium 
trioxide, and then a brown chromium oxide, but no chromyl chloride. 

W. K. van Haagen and E . F . Smith found that hydrogen fluoride passed over 
heated potassium dichromate removes nearly all the chromium. According t o 
F . Fichter and E . Brunner, if a dil. soln. of potassium dichromate is treated with 
fluorine, i t becomes green and is reduced to a chromic salt, most probably the 
fluoride. Crude fluorine always containing free hydrogen fluoride ; the action of 
fluorine upon an aq. soln. furnishes hydrofluoric acid and its cone, m a y be sufficient 
for the formation of chromic fluoride. In this case, fluorine acts as a reducing 
agent. This contradictory behaviour must be explained by the intermediate 
formation of hydrogen dioxide, thus : 2 H 2 0 + F 2 ^ H 2 0 2 + 2 H F . The formation 
of hydrogen dioxide can be detected by working with a small quantity of chromic 
acid and in the presence of dil. sulphuric acid ; under these conditions and by proper 
cooling we obtain the blue perchromic acid, soluble in ether. Perchromic acid is 
very unstable, losing oxygen and yielding chromic salts ; in this manner the reduc­
t ion of dichromate can be carried out quantitatively by prolonged treatment with 
fluorine. K. H. Butler and D . Mcintosh observed that the dichromate is insoluble 
in liquid chlorine, and has no action on the b.p. of the liquid. According to 
E . M. Peligot, a soln. of potassium dichromate in boiling hydrochloric acid deposits, 
on cooling, potassium chlorochromate. R. E de Lury, and G. Kernot and 
E. Pietrofesa concluded from their observations on the action of potassium dichro­
mate on acidic soln. of iodides that the reaction is of the first order with respect to 
the Cr 2 0 7 "-ion, nearly of the second order with respect to the H*-ion, and between 
the first and second order with respect to the I'-ion. R. F. Beard and N . W. Taylor 
showed that there are many anomalous results in connection with the reaction : 
Cr 2 0 7

, / -h6I '4 -14H*=2Cr* * + 7 H 2 0 + 3 I 2 , which disappear in the presence of l-5ifef-
NaCl. Two simultaneous reactions occur : H * + I 7 + C r 2 O 7 " - ^ H L C r 2 O 7 " ; and 
2H* + 2 1 ' + C r 2 0 7 " - > ( H I ) 2 . Cr2O7". The velocity constant, Ic9 is g iven by 
&=14-6[H\ ] [r i+53000[H*]2[r j2 . The reaction was studied b y N . A. Izgarischefi 
and A. EL BelaiefL 

J . B . Senderens found that a soln. of potassium dichromate is decolorized b y 
boiling it with sulphur, forming Cr7O1 2 , or 3Cr2O3.CrO3, and a soln. of potassium 
sulphate and thiosulphate. A. Manuelli found that if a mixture of sulphur and the 
dichromate is heated in a sealed tube, chromic oxide is formed ; and K# Bruckner 
said that the reaction of the dichromate resembles that of the monochromate 
(q.v.) wi th sulphur—vide supra, the preparation of chromic oxide. A. A. Hayes 
said that hydrogen sulphide precipitates some hydrated chromic oxide mixed with 
sulphur ; and P. Berthier, that sulphur dioxide colours the soln. green forming 
potassium chromic sulphate and dithionate. H. Bassett said that 94—95 per cent, 
of chromic sulphate and 5—6 per cent, of dithionate are formed. W. R. Hodg-
kinson and J. Young studied the action of dry sulphur dioxide on the salt. 
O. P o p p represented the reaction with sodium thiosulphate : 2K 2Cr 2O 7 -J-Na 2S 2O 3 
= K 2 C r 0 4 + C r 2 O 3 . C r O 3 + K 2 S O 4 - ( - N a 2 S O 3 . W. H. Balmain found that when 3 
parts of the dichromate are heated with 4 parts of sulphuric acid, chromium and 
potassium sulphates, water, and oxygen are formed, and he used this mode of 
preparing oxygen in preference to the potassium chlorate process—vide supra, 
chromium trioxide. G. Grather and T. Nagahama observed that potassium 
dichromate is reduced by sodium sulphide, sulphite, and thiosulphate in the order 
of increasing effect. M. Traube found that a mol of the salt dissolved in 3-5 parts of 
water and treated with 2 moLs of H 2 S O 4 in the cold is not decomposed, but i t is 
decomposed by 3 mols of sulphuric acid with 0-5 part of water per mol of salt, but 
n o t w i th 2 parts of water. H. Schwarz made observations on this subject-—vide 
sujrra, the preparation of chromium trioxide. E.-C. Franklin and C. A. Kraus found 
that the salt is insoluble in liquid ammonia. The action of ammonium chloride has 
been indicated in connection with the preparation of chromic oxide. F . Santi found 
that a cone. soln. of ammonium chloride m a y convert the dichromate t o chromic 
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acid. According t o Gr. B . Frankforter and co-workers, the reaction which takes 
place when the mixture is heated at 290° is different from t h a t which occurs a t a dull 
red-heat, the composi t ion of the gas evolved and of the residue left after l ixiviat ion 
being different in the t w o cases. A mixture of ammonium chloride and potass ium 
dichromate does not undergo a n y change until a t emp, of 210° is attained. The 
mixture then becomes yel lowish-brown, owing to the formation of chromium 
dioxide. A t 260°, a slate-coloured residue is obtained, which, on l ix iviat ion wi th 
water, leaves small, greenish-black, iridescent spangles of a hydrated chromium 
oxide, Cr2O3.2H2O. The change which takes place does not depend only on the 
temp. , but also on the proportions of the salts employed. A t 370°, in presence 
of a considerable excess of a m m o n i u m chloride, chromium chloride and ammonia 
are formed. If, however, the potass ium dichromate is in large excess, a black 
residue is obtained, together wi th some unchanged dichromate. Under certain 
conditions, chlorine is liberated, and in some cases, a nitride of chromium is produced. 
I t is supposed t h a t the complex i ty of the reaction is largely due t o the dissociation of 
a m m o n i u m chloride, which is the first change t o take place when the mixture is 
heated. E . Mitscherlich, and F . Bothe found that a soln. of the salt in nitric acid 
deposits crystals of the terchromate. E . K o p p said t h a t phosphorus reduces the 
soln. in sunlight or when heated, forming potass ium chromate and a little chromium 
phosphate . A. Michaelis found that in a sealed tube , the salt is partial ly decomposed 
phosphorus trichloride a t 166°, forming potass ium chlorochromate, phosphoryl 
chloride, potass ium phosphate , and chromium chromate . A mixture wi th carbon 
detonates sl ightly when heated. S. Levi tes studied the adsorption of the salt from 
aq. soln. b y charcoal. E . J . B o w e n and C. W. B u n n studied the photochemical 
oxidat ion of alcohols b y dichromates. H . B . Weiser and E . B . Middle ton 
attributed the conversion of potass ium dichromate into chromate, observed by 
N . Ishizaka, to the disturbance of the equilibrium : Cr 2 O 7 ^-J-H 2 O^2H"+2CrO 4 / , 
by the preferential adsorption of H*-ions b y the alumina. W. K u c z y n s k y found that 
a 4 per cent. soln. of potass ium dichromate electrolytically p i t ted the surface of 
a luminium a t 220 vol ts . J . Morland, and A. Reinecke studied the action of 
a m m o n i u m thiocyanate . B . Reinitzer found that the dichromate is insoluble in 
alcohol. E . J. B o w e n and E . T. Yarnold studied the photochemical oxidat ion of 
ethyl alcohol by the dichromate. Li. Godefroy studied the joint act ion of alcohol 
and chlorine or iodine ; a n d A. Commaille, the joint action of acids and ether. 
F. W . O. de Coninck observed that 1OO grms. of a sat . soln. in glycol contain 6 grms. of 
potass ium dichromate. A. Nauraann found tha t the salt is insoluble in benzonitrile, 
and acetone; and W. E idmann, insoluble in acetone and methylal . D . Lindo observed 
tha t a brown colour is produced wi th phenol , and E . A. Parnell s tudied the joint 
act ion of phenol and hydrogen dioxide. J. Piccard and F . de Montmoll in observed 
that the oxidat ion of aniline b y potass ium dichromate is a reaction of the second 
order. A. Commaille found that tannin gives a brown precipitate. For the action 
on gelatin, vide supra, chromic acid. G. GTrather and T. N a g a h a m a studied the 
reduction of dichromates to basic chromates b y lactic acid, tartaric acid, glucose, 
dextrose , tannin, glycerol, formaldehyde, thiosulphates , sulphites , and sulphides, 
and found t h a t the relat ive ac t iv i ty of these substances decreases in the order given. 
Methyl alcohol did n o t reduce the salt . J . W . Wil l iams and E . M. Drissen investi­
gated the act ion of t h e salt on cyste ine . E . H . Biesenfeld and O. H e c h t studied 
the photochemical reaction w i th ethylene glycol ; and J. PlotnikofT, and 
D . S. Morton, the photox idat ion of organic compounds b y the dichromate. 

S. Kern represented t h e reaction w i th magnes ium : K 2 C r 2 0 7 - f - M g - | - 2 H 2 0 
= M g C r 2 0 7 + 2 K O H - 4 - H 2 ; and E . H e y n and O. Bauer observed t h a t a dil. soln. "of 
the dichromate dissolves iron, b u t soln. of certain concentrations retard the rusting 
of iron. W . B. Jorissen a n d Gr. M. A. K a y s e r discussed the reaction wi th sulphur 
and aluminium, and sulphur and iron. According t o F . Margueritte, dil. soln. of 
potass ium dichromate become paler in colour when treated with potassium chloride, 
nitrate, or sulphur, w i th a m m o n i u m nitrate or sulphate, or with sodium carbonate or 
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t e t r a b o r a t e . H . J . P . V e n n a n d V. E d g e n o t e d t h a t bas ic cup r i c ch lor ides a r e f o r m e d 
b y t h e a c t i o n of a di l . soln . of p o t a s s i u m d i c h r o m a t e o n c u p r o u s ch lor ide . W h e n t h e 
d i c h r o m a t e is m i x e d w i t h silicon a n d h e a t e d in t h e e lec t r ic a r c , Lt. K a h l e n b e r g a n d 
W . J . T r a u t m a n n found t h a t i t is r e a d i l y r e d u c e d t o a p o r o u s g r e e n s lag . J . C. W i t t , 
a n d M. Neid le a n d J . C. W i t t , s t u d i e d t h e a c t i o n of p o t a s s i u m d i c h r o m a t e o n s t a n n o u s 
s u l p h a t e a n d s t a n n o u s ch lor ide . Acco rd ing t o E . R . Bul lock , t h e r e a c t i o n b e t w e e n 
si lver in ge la t in a n d a soln. c o n t a i n i n g p o t a s s i u m d i c h r o m a t e a n d a b r o m i d e , s l igh t ly 
acidified w i t h ace t ic ac id , on ly occurs i n p resence of p o t a s s i u m fe r r i cyan ide or c o p p e r 
s u l p h a t e , which a p p e a r t o a c t a s c a t a l y s t s . T h e a c t i o n of t h e c a t a l y s t is a t t r i b u t e d 
to t h e g r e a t e r s impl ic i ty of t h e in i t ia l ionic r e a c t i o n : F e ( C N ) 6 ' " - + - A g = A g " 
4 - F e ( C N ) 6 " " , o r A g + C u " = Ag'-J-Cu' , as c o m p a r e d w i t h 3 A g + C r = 3 A g ' + C r " \ 
wh ich invo lves four ions i n s t e a d of t w o . T h e c o n c e n t r a t e d soln . of p o t a s s i u m 
d i c h r o m a t e in 0-3iV-NaOH increases u p t o 6-5 p e r cen t , w h e n s h a k e n w i t h a n i m a l 
c h a r c o a l — n e g a t i v e adso rp t i on ; w i t h m o r e di l . soln. , t h e cone , is d i m i n i s h e d — 
pos i t ive adso rp t i on . T h e nega t i ve a d s o r p t i o n is e x p l a i n e d o n t h e a s s u m p t i o n t h a t 
t h e cone, of t h e w a t e r on t h e surface of t h e pa r t i c l e s of cha rcoa l is inc reased . 
E . B r e n t e l r e c o m m e n d e d p o t a s s i u m d i c h r o m a t e a s a s t a n d a r d for a c i d i m e t r y . 
R . Gr. v a n N a m e a n d F . F e n w i c k s tud i ed t h e e l ec t rome t r i c t i t r a t i o n of fer rous 
sa l t s w i t h p o t a s s i u m d i c h r o m a t e ; K . S o m e y a , t h e a c t i o n of p o t a s s i u m d i c h r o m a t e 
on p o t a s s i u m fe r rocyanide ; a n d M. M. N a r k e v i c h , t h e acce l e r a t i on d u e t o o x i d a t i o n 
p r o d u c e d b y t h e d i c h r o m a t e w h e n copper d issolves i n s u l p h u r i c ac id . 

W . K. Sul l ivan added t h a t if an a lmost boi l ing soln. of a m o l of po tas s ium 
dichromate is treated w i t h 2 mols of sulphuric acid, t h e orange-red crysta ls w h i c h 
separate on cooling appear t o be potassitim dihydroszclphotodichr ornate because t h e y 
h a v e t h e composi t ion K 2Cr 2O 7 .2KlIISO 4 , b u t there is really n o t h i n g t o s h o w t h a t th i s 
is a chemical individual . According t o J . Fri tzsche, potassium, disulphodichr ornate, 
K 2 (Cr 5S) 2O 7 , or KO-SO 2 . 0 .CrO 2 .OK, is formed in t h e preparat ion of chromic acid b y t h e 
ac t ion of sulphuric acid o n an excess of potass ium dichromate . H . R-einsch, and 
H . SchifT, however , regarded the jjroduct so obta ined as a mix ture of p o t a s s i u m su lphate 
and dichromate . H . Schiff represented t h e act ion of fused p o t a s s i u m chlordchromate o n 
po tas s ium sulphate b y the e q u a t i o n : K 2 SO 4 4-KCrO 3 Cl = K C l H - K O . C r O 2 . 0 . S O 2 . O K ; 
and on potass ium hydrosulphate , b y : K H S O 4 + KCrO3Cl = H C l + K O . CrO2-O. SO 2 . O K . 
H e said t h a t t h e colour of the salt i s the same as t h a t of p o t a s s i u m dichromate ; and 
t h a t i t is decomposed b y water i n t o potass ium sulphate and dichromate , a n d sulphuric acid. 

L. G r a n d e a u 5 p r e p a r e d c rys ta l s of rubid ium dichromate , R b 2 C r 2 O 7 , f rom a 
soln. of r u b i d i u m c a r b o n a t e in a n excess of a w a r m a q . soln. of ch romic ac id . 
F . A. H . Sch re inemake r s a n d A. F i l i ppo ' s obse rva t ions on t h e equ i l ib r ium cond i t ions 
a re s u m m a r i z e d in F i g . 46 . Accord ing t o G. N . Wyrouboff , t h e r e a r e t h r e e forms, a 
monocl in ic form a n d t w o tr icl inic forms, b u t obse rva t i ons b y J . A . Ie Be l , W . S t o r t e n -
becker , a n d B . Gossner h a v e es tab l i shed t h e ex i s t ence of on ly t w o v a r i e t i e s — m o n o -
clinic a n d t r ic l inic . W . S t o r t e n b e c k e r sa id t h a t t h e monocl in ic fo rm is a lone 
p r o d u c e d w h e n soln. aTe crys ta l l ized be low 35°, a n d t h e t r ic l inic fo rm w h e n crys ta l l i ­
z a t i on occurs a t t e m p , a b o v e 75° ; a n d J . A . Ie Bel sa id t h a t t h e r e d t r ic l inic v a r i e t y 
a lone crysta l l izes f rom acidic soln. , whi l s t i n t h e p resence of a l i t t l e a lkal i , t h e yel low 
monocl in ic modif icat ion s e p a r a t e s . T h e d i m o r p h i s m is n o t cond i t i oned b y t e m p , 
a lone . W . S t o r t e n b e c k e r a d d e d t h a t t h e monocl in ic a n d t r ic l in ic modif ica t ions of 
r u b i d i u m d i c h r o m a t e a re m o n o t r o p i c , b u t t h a t t h e smal l difference in s t ab i l i t y 
b e t w e e n t h e m r e t a r d s t h e t r a n s f o r m a t i o n of one i n t o t h e o the r . If t h e t i m e is g r e a t , 
t h e t r ic l in ic fo rm is ob ta ined , b u t a r a p i d c rys ta l l i za t ion gives s o m e t i m e s t h e m o n o ­
clinic, s o m e t i m e s t h e t r icl inic , a n d some t imes a m i x t u r e of t h e t w o . Th i s is p r o b a b l y 
t h e e x p l a n a t i o n of G. N . Wyrouboff *s s t a t e m e n t t o t h e effect t h a t , if c ry s t a l s of one 
fo rm a re p laced i n c o n t a c t w i t h a s a t . soln . of t h e o the r , t h e y r e m a i n indef ini te ly 
w i t h o u t showing t h e s l ightes t i nd i ca t ion of t r a n s f o r m a t i o n , n o m a t t e r w h a t t h e t e m p . 
G. N . Wyrouboff g a v e for t h e ax ia l r a t io s of t h e monocl in ic c ry s t a l s a : b : c ==0*596 : 
1 : 0-3388, a n d £ = 8 7 ° 8 ' ; whi le B . Gossner g a v e 1-0202 : 1 : 1-8081, a n d £ = 9 3 ° 
28*5'. G. N . Wyrouboff found t h a t t h e (010)-cleavage is i ncomple t e , t h a t t h e o p t i c 
ax ia l ang le 2 F = 8 3 ° 16 ' ; t h e op t ica l c h a r a c t e r is n e g a t i v e ; a n d t h e sp. gr. is 3*021. 
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T h e ax ia l r a t io s of t h e tr icl inic pixiacoids a r e a : b : c = 0 - 5 6 0 9 : 1 : 0-5690, a n d < z = 9 1 ° 0 ' , 
£ = 9 3 ° 52 ' , a n d y = 8 1 ° 34 ' . B . Gossner sa id t h a t t h e (OOl)- a n d (010)-cleavages 
a r e comple t e , a n d t h a t t h e (100)-cleavage is d i s t i nc t . G. N . Wyroubof f found t h a t 
t h e op t ica l ax ia l ang le 2E=IOl0 42 ' ; t h e op t ica l c h a r a c t e r is pos i t i ve ; a n d t h e 
s p . gr . is 3-125. A. F . H a l l i m o n d discussed t h e mo l . vols , of t h e i s o m o r p h o u s 
d i c h r o m a t e s . T h e monocl in ic fo rm is cons idered b y W . S t o r t e n b e c k e r t o b e t h e 
labi le form m o r e easi ly soluble in w a t e r ; a n d h e gave for t h e so lub i l i ty , S pe r 
cen t . : 

(14°) 18° (26°) 30° 40° (43°) 50° 65° 
« / monocl inic . 4-45 5-42 8OO 9 0 8 13-22 16-52 18-94 28-8 

\ triclinic . 4-40 4-96 7-91 8-7O 12-90 14-57 18-77 27-3 

T h e d a t a for t h e b r a c k e t e d t e m p , were d e t e r m i n e d b y Gr. N . Wyrouboff . Accord­
i n g t o J . A. Ie Bel , a r e d c ry s t a l p l aced in a so ln . f rom w h i c h yel low c rys ta l s a re 
s e p a r a t i n g passes i n t o soln. so t h a t t h e so lubi l i ty of t h e t w o fo rms is n o t t h e s a m e . 
F . A. H . S c h r e i n e m a k e r s a n d A. F i l l ippo found t h a t a s a t . soln . c o n t a i n s 9-47 pe r 
cen t . R b 2 C r 2 O 7 a t 30°. 

Acco rd ing t o C. C h a b r i e , 6 t h e e v a p o r a t i o n of a n a q . soln. of 100 p a r t s of caesium 
c h r o m a t e a n d 26 p a r t s of c h r o m i u m t r i o x i d e furn ishes caes ium dichromate , 
C s 2 C r 2 O 7 ; F . R . F r a p r i e o b t a i n e d t h e sa l t b y t r e a t i n g caesium c h r o m a t e w i t h sul­
p h u r i c ac id . T h e cond i t i ons of e q u i l i b r i u m w o r k e d o u t b y F . A . H . S c h r e i n e m a k e r s 
a n d D . J . Mei jer ingh a r e s u m m a r i z e d in F i g . 4 7 . C. C h a b r i e s a id t h a t t h e pa le 
r e d c r y s t a l s a r e v e r y s t a b l e ; a n d F . R . F r a p r i e a d d e d t h a t t h e c r y s t a l s a r e t r ic l in ic 
w i t h c o m p l e t e b a s a l c l eavage ; a n d t h e y a r e m u c h m o r e so luble i n h o t t h a n in cold 
w a t e r . A . F . H a l l i m o n d d iscussed t h e m o l . vo l s , of t h e i s o m o r p h o u s d i c h r o m a t e s . 
F . A . H . S c h r e i n e m a k e r s a n d D . J . Mei je r inck r e p r e s e n t e d for t h e solubi l i t ies of t h e 
different a lka l i d i c h r o m a t e s , a t 30° , 

TA N a N H 4 K B,b C s 
M2Cr^O7 . 56-6 66*4 * 32-05 15-34 9-47 5-2O 

F . Droge ,7 J . Schulze , a n d M. Groge r p r e p a r e d cupric d i c h r o m a t e , C u C r 2 O 7 . 2 H 2 O , 
b y e v a p o r a t i n g a soln. of cup r i c h y d r o x i d e in aq . c h r o m i c ac id , a n d , if a n y g reen 
c r y s t a l s s e p a r a t e , p o u r i n g ofl t h e c lear soln. , a n d e v a p o r a t i n g t h e r e m a i n i n g l iquor 
ove r cone , s u l p h u r i c ac id . C. F r e e s e o b t a i n e d a bas ic c h r o m a t e b y t h i s process . 
Li. B a l b i a n o o b t a i n e d cup r i c d i c h r o m a t e b y e v a p o r a t i n g a soln . of t h e bas ic c h r o m a t e 
in a q . c h r o m i c acid—if a lcohol is a d d e d t o t h e soln. , a bas ic c h r o m a t e is p r ec ip i t a t ed . 
A . Viefhaus o b t a i n e d cupr i c d i c h r o m a t e f rom t h e soln . o b t a i n e d b y t r e a t i n g b a r i u m 
c h r o m a t e w i t h cup r i c s u l p h a t e , a n d J . Schu lze , f rom t h e soln . of cup r i c c a r b o n a t e 
in a q . c h r o m i c ac id . F . Z a m b o n i n i sa id t h a t t h e t r ic l in ic c ry s t a l s h a v e t h e ax ia l 
r a t i o s a : b : c = 0 - 6 1 3 3 : 1 : 0-5117, a n d c t = 6 7 ° 2 ' 1 6 " , £ = 1 2 5 ° 14 ' 3 " , a n d 
y = l l l ° 2 6 ' 2 " ; a n d t h e s p . g r . is 2-286 a t 19°. F . D r o g e , a n d J . Schulze sa id t h a t 
t h e c r y s t a l s of t h e d i c h r o m a t e a r e b r o w n i s h - b l a c k ; t h e y lose al l t h e i r w a t e r a t 
100°, a n d d e c o m p o s e a t a r e d - h e a t ; t h e y de l iquesce in a i r ; a r e spa r ing ly soluble 
i n w a t e r w i t h o u t d e c o m p o s i t i o n ; t h e y a r e a lso soluble in a lcohol , a n d in a q . 
a m m o n i a . N . P a r r a v a n o a n d A . P a s t a o b t a i n e d cupr i c t e t r a m m i n o d i c h r o r n a t e , 
C u C r 2 O 7 . 4 N H 3 . 2 H 2 O , i n b l a c k p r i s m a t i c c ry s t a l s b y e v a p o r a t i n g a n a m m o n i a c a l 
soln. of t h e c o m p o u n d w h i c h c u p r i c d i c h r o m a t e fo rms w i t h p y r i d i n e . J . Schulze 
sa id t h a t if a soln. of cup r i c d i c h r o m a t e be t r e a t e d w i t h a n excess of cup r i c c a r b o n a t e , 
t h e bas i c p r o d u c t h a s a v a r i a b l e compos i t i on . A . a n d L«. Liumiere a n d A. Seyewetz 
o b s e r v e d t h a t l i g h t r e d u c e s cupr i c d i c h r o m a t e ge la t ine less r e a d i l y t h a n ge la t ine 
w i t h a m m o n i u m d i c h r o m a t e . N . P a r r a v a n o a n d A. P a s t a o b t a i n e d complex sa l t s 
w i t h p y r i d i n e , an i l ine , a n d e t h y l e n e d i a m i n e . G. K r u s s a n d O. U n g e r p r e p a r e d 
a m m o n i u m cupric d i chromate , 3 ( N H 4 ) 2 C r 2 0 7 . 2 C u C r 2 O 7 . 6 H 2 O , in d a r k b r o w n 
t e t r a g o n a l c rys t a l s , b y e v a p o r a t i n g or cool ing a h o t cone . soln. of 2 m o l a r p a r t s 
of a m m o n i u m d i c h r o m a t e a n d cupr i c d i c h r o m a t e . I t loses i t s wa t e r , w i th some 
decompos i t i on , a t 100° ; a n d a t a h ighe r t e m p . , i t decomposes w i t h incandescence . 
T h e s a l t is so luble in w a t e r . A . S t a n l e y r e p o r t e d s o d i u m copper dioxydichromate , 
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N a 2 C r 2 0 7 . 2 C u O . C u C r 2 0 7 . 4 H 2 0 , b y t h e a c t i o n of a soln. of s o d i u m d i c h r o m a t e o n 
f resh ly -p rec ip i t a t ed cupr ic h y d r o x i d e . T h e b r o w n , mic roc rys t a l l i ne p o w d e r 
loses w a t e r a t 200°, a n d decomposes a t a h ighe r t e m p . I t is a l m o s t inso luble i n 
w a t e r ; a n d on ly s l ight ly soluble in a lcohol . 

Accord ing t o H . Moser , 8 t h e a c t i o n of ch romic ac id o n a soln . of s i lver n i t r a t e 
furnishes r u b y - r e d c rys ta l s of s i lver d ichromate , A g 2 C r 2 O 7 ; L . N . V a u q u e l i n 
ob t a ined t h e s a m e sa l t f rom a soln. of s i lver c h r o m a t e a n d n i t r i c ac id . O. M a y e r , 
a n d W . A u t e n r i e t h u sed s imilar processes . R . W a r i n g t o n , C. F ree se , W . A u t e n r i e t h , 
a n d E . J a g e r a n d G. Kr i i ss o b t a i n e d t h e sa l t b y a d d i n g p o t a s s i u m d i c h r o m a t e t o 
a soln. of s i lver n i t r a t e . A. J a n e k , a n d M. S. D u n i n a n d F . M. S h e m y a k i n s t u d i e d 
t h e fo rma t ion of r h y t h m i c r ings of si lver d i c h r o m a t e . G. P . B a x t e r a n d R . H . J e s s 
m i x e d p o t a s s i u m d i c h r o m a t e or ch romic ac id a n d s i lver n i t r a t e in n i t r i c ac id , a n d 
crys ta l l ized si lver d i c h r o m a t e f rom 0-16N- t o 3 i V - H N 0 3 , a n d d r i ed t h e p r o d u c t 
a t 150°, a n d a f t e rwa rds p o w d e r e d t h e p r o d u c t a n d d r i ed i t a t 200° in a c u r r e n t of 
d r y air . E . R . Riege l a n d M. C. R e i n h a r d , D . A. A u d a l i a n , E . S. H e d g e s , a n d 
E . S. H e d g e s a n d R . V. H e n l e y s t u d i e d t h e f o r m a t i o n of r h y t h m i c r ings of s i lver 
d i c h r o m a t e in gela t ine—vide supra, s i lver c h r o m a t e . R . W a r i n g t o n , a n d 
A. H e l m s a u e r found t h a t a silver p l a t e b e c o m e s cove red w i t h scar le t c rys t a l s of 
s i lver d i c h r o m a t e when i t is i m m e r s e d in a soln. of p o t a s s i u m c h r o m a t e a n d 
d i c h r o m a t e a n d su lphur ic a c i d — a l i t t le ch romic oxide is fo rmed . Gr. H . Zeller sa id 
t h a t h e a t h a s t e n s t h e fo rma t ion of t h e c rys ta l s . T h e c ry s t a l s a p p e a r d a r k b r o w n 
or d a r k g rey or b lack in reflected l ight , a n d sca r le t - red or c a r m i n e - r e d in t r a n s ­
m i t t e d l ight . J . S c h a b u s sa id t h a t t h e t r ic l in ic p inaco ids h a v e t h e ax i a l r a t i o s 
a : b : c = i - 5 3 2 0 : 1 : 1-0546. H . G. F . Sch rode r f o u n d t h e s p . gr . t o b e 4-669 ; 
whi le G. P . B a x t e r a n d R . H . J e s s gave 4-770 a t 25°/4° . R , W a r i n g t o n f o u n d t h e 
d i c h r o m a t e t o b e spar ing ly soluble in w a t e r fo rming a b r i g h t ye l low soln . w h i c h 
r e d d e n s l i t m u s , a n d yie lds c rys ta l s on e v a p o r a t i o n . W h e n boi led w i t h w a t e r , i t 
fo rms d a r k g reen c h r o m a t e , a n d a n acidic spin, wh ich depos i t s t h e d i c h r o m a t e on 
cool ing ; W . A u t e n r i e t h r e p r e s e n t e d t h e r eac t ion Ag 2 Cr 2 O 7 - I -H 2 O=^=Ag 2 CrO 4 
-J -H 2 CrO 4 . O. M a y e r gave for t h e solubi l i ty l - 9 x ! 0 ~ 4 mo l p e r l i t re a t 15° ; a n d 
M. S. Sherr i l l a n d D . E . R u s s , 7 - 3 x l 0 ~ 3 mol pe r l i t re a t 25° . M. S. Sherr i l l a n d 
D . E . R u s s said t h a t wa t e r , a n d n i t r i c ac id below 0-062V-HNO3, d e c o m p o s e t h e 
d i c h r o m a t e w i th t h e s epa ra t i on of c h r o m a t e . T h e y found for t h e so lubi l i ty , >S 
m i l l i a t o m s p e r l i t re , a t 25° : 

H N O 3 . ON- O-OliV- 0-02AT- 0 0 4 JV- OOGiV- 008JV- 01OiV-
« S C r - - 32-2O 2 5 0 6 20-21 13-59 1 1 1 0 11-1O 0-624 
*> i A g . . 5-390 6 1 3 1 7 1 4 8 9-529 l l - l O 1 1 1 0 

* v ' v w , 
SoUd phase. Ag 2CrO 4+ Ag3Cr2O7 Ag2Cr2O7 

R . W a r i n g t o n sa id t h a t t h e sa l t is freely soluble in n i t r i c ac id a n d in a q . a m m o n i a . 
A . H e l m s a u e r sa id t h a t w h e n h e a t e d t o redness , silver, a n d ch romic ox ide a r e 
fo rmed . F . B . H o f m a n n obse rved t h a t t h e p o w d e r e d d i c h r o m a t e col lects a t t h e 
b o u n d a r y surface w h e n s h a k e n w i t h a m i x t u r e of w a t e r a n d benzene , t o l u e n e , 
x y l e n e , o r ch loroform. S. H . C. Br iggs obse rved t h e f o r m a t i o n of c o m p l e x sa l t s 
w i t h p y r i d i n e , A g 2 C r 2 0 7 . 4 ( a n d 6 ) C 6 H 5 N ; a n d G. Kri iss , a n d S. D a r b y , c o m p l e x 
s a l t s — A g 2 C r 2 O 7 - I ( a n d 2 )HgCy 2 . R . G. v a n N a m e a n d R . S. B o t h w o r t h f o u n d 
t h a t when \ s i lver s u l p h a t e a n d d i c h r o m a t e , t h e former g r e a t l y in excess (99 : 1), 
a r e c rys ta l l i zed a t a t e m p , of 25° f rom a n acidic soln. ( s t a n d a r d soln. of su lphu r i c 
ac id ) , t h e r e a r e o b t a i n e d solid soln. of s u l p h a t e a n d d i c h r o m a t e , r a n g i n g in colour 
f r o m p a l e yel low t o scar le t , a n d w i t h t h e s a m e r h o m b i c fo rm as t h e p u r e s u l p h a t e . 
T h e s e c ry s t a l s c o n t a i n u p t o 4-1 m o l a r p e r c en t , of d i c h r o m a t e . W h e n a g r e a t e r 
p r o p o r t i o n of d i c h r o m a t e is p r e s e n t in t h e acidic soln. , c rys t a l s of t h e d i c h r o m a t e 
a lone s e p a r a t e . J . W . R e t g e r s cou ld n o t p r e p a r e solid soln. of t h e s e t w o sa l t s . 
P . R a y a n d J . D a s g u p t a s t u d i e d complexes w i t h h e x a m e t h y l e n e t e t r a m i n e . 

Xi. N- V a u q u e l i n • p r e p a r e d c a l c i u m dichromate , C a C r 2 O 7 - S H 2 O , f rom a so ln . 
of c a l c i u m o x i d e in c h r o m i c ac id ; a n d J . F . B a h r , f rom a soln. of ca l c ium c h r o m a t e 
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i n c h r o m i c acid , a n d e v a p o r a t i n g t h e l iquor over cone , s u l p h u r i c ac id , or i n v a c u o . 
JF. Myl ius a n d J . v o n W r o c h e m supposed t h a t t h e sa l t is t e t r a h y d r a t e d , b u t t h e y 
o b t a i n e d t h e d i c h r o m a t e , i n r ed , s ix-s ided p l a t e s , f rom a s a t . soln. a t 18°, w h e n 
61 p e r c e n t , of C a C r 2 O 7 is p r e s e n t . W h e n freshly p r e p a r e d , t h e c r y s t a l s of t h e 
t r i h y d r a t e a re red , b u t w h e n left o n a p o r o u s t i le in a des icca tor , t h e y b e c o m e 
ye l lowish -b rown. T h e y lose w a t e r w h e n h e a t e d ; a n d a t a h i g h e r t e m p , t h e y 
m e l t t o a r e d d i s h - b r o w n l iqu id . K . S. N a r g u n d a n d H . E . W a t s o n o b s e r v e d t h a t 
c a l c ium d i c h r o m a t e g ives off o x y g e n a t 250° i n v a c u o , a n d decomposes a t 500° 
i n t o ca l c ium c h r o m a t e a n d c h r o m i c ox ide . Ca lc ium d i c h r o m a t e b e h a v e s on 
h e a t i n g l ike a m i x t u r e of ca l c ium c h r o m a t e a n d c h r o m i u m t r iox ide . L . S c h u l e r u d 
cou ld n o t p r e p a r e t h i s sa l t . A . N a u m a n n sa id t h a t t h e d i c h r o m a t e is soluble in 
a c e t o n e . J . !F. B a h r , A . Dalze l l , a n d K . P r e i s a n d B . R a y m a n p r e p a r e d s t ront ium 
dichromate* S r C r 2 O 7 . 3 H 2 O , f rom a soln. of s t r o n t i u m c h r o m a t e in ch romic ac id . 
T h e c rys t a l s a r e co lou red l ike t h o s e of p o t a s s i u m fe r r i cyan ide . G. N . WyroubofF 
g a v e for t h e ax i a l r a t i o s of t h e monoc l in ic , p r i s m a t i c c ry s t a l s a : b : c 
= 0 - 6 0 2 3 : 1 : 0-5460, a n d £ — 9 2 ° 3 2 ' . T h e sa l t loses i t s w a t e r of c rys ta l l i za t ion a t 
110° ; a n d a t 220° all t h e w a t e r is expe l led ; a n d a t a h igher t e m p , o x y g e n is g iven 
off. K . P re i s a n d B . K a y m a n , a n d W . A u t e n r i e t h o b t a i n e d b a r i u m d ichromate , 
B a C r 2 O 7 , b y t h e a c t i o n of a soln. of c h r o m i c ac id on freshly p r e c i p i t a t e d b a r i u m 
c h r o m a t e ; a n d O. Mayer , b y boi l ing b a r i u m c h r o m a t e w i t h c h r o m i c a n d n i t r i c 
ac ids , a n d b y a d d i n g b a r i u m ch lor ide t o a h o t cone . soln. of c h r o m i c ac id a n d 
w a s h i n g t h e p r o d u c t w i t h ace t i c ac id . T h e b rowni sh -ye l low, or b rowni sh - r ed , 
monoc l in ic p r i s m s a r e d e c o m p o s e d b y cold w a t e r i n t o c h r o m i c ac id a n d b a r i u m 
m o n o c h r o r n a t e . O. M a y e r sa id t h a t t h e d i c h r o m a t e is n o t a t t a c k e d b y boi l ing 
ace t ic ac id . Acco rd ing t o J . F . B a h r , a n d IC. Z e t t n o w , t h e dihydrate, B a C r 2 O 7 . 2 H 2 O , 
is f o r m e d b y e v a p o r a t i n g a soln. of b a r i u m c h r o m a t e in c h r o m i c acid , b u t n e i t h e r 
Li. S c h u l e r u d n o r W . A u t e n r i e t h cou ld ver i fy t h i s . K . P r e i s a n d B . R a y m a n said 
t h a t t h e d i h y d r a t e is p r o d u c e d b y e v a p o r a t i n g t h e m o t h e r - l i q u o r f rom t h e p r e p a r a ­
t i o n of t h e a n h y d r o u s sa l t . J . F . B a h r desc r ibed t h e c r y s t a l s a s s t e l l a t e g r o u p s of 
ye l lowish -b rown need les ; K . P r e i s a n d B . R a y m a n , as r h o m b i c , b rownish-ye l low 
p l a t e s ; a n d E . Z e t t n o w , a s d a r k ye l low, d o u b l y r e f rac t ing scales wh ich lose all 
t h e i r w a t e r a t 120°. J . F . B a h r sa id t h a t t h e sa l t is n e a r l y all d e c o m p o s e d b y w a t e r ; 
a n d t h a t b a r i u m d i c h r o m a t e s e p a r a t e s f rom c o n e , a q . soln . ; a n d b a r i u m m o n o ­
chr o rna t e f rom dil . a q . so ln . F o r t h e e q u i l i b r i u m b e t w e e n b a r i u m c h r o m a t e a n d 
d i c h r o m a t e , vide c h r o m i c ac id . 

B . R e i n i t z e r 1 0 p r e p a r e d m a g n e s i u m d ichromate , M g C r 2 O 7 ; a n d he found t h e 
s a l t t o b e so luble in w a t e r ; a n d s l igh t ly so luble i n a lcohol . G . A . Barb ie r i a n d 
F . L a n z o n i o b t a i n e d c o m p l e x sa l t s of m a g n e s i u m d i c h r o m a t e w i t h h e x a m e t h y l e n e -
t e t r a m i n e b y t h e a c t i o n of a cone . soln . of t h a t ba se w i t h p o t a s s i u m d i c h r o m a t e 
on a cone . soln. of m a g n e s i u m a c e t a t e or s u l p h a t e . B y e v a p o r a t i n g in v a c u o a 
soln. of a m o l of z inc c a r b o n a t e in 2 mo l s of co ld c h r o m i c ac id , J . Schulze X1 

o b t a i n e d d a r k r e d d i s h - b r o w n c r y s t a l s of z i n c d ichromate , Z n C r 2 O 7 . 3 H 2 O . T h e 
c r y s t a l s a r e hyg roscop ic i n a i r ; a n d freely so luble in w a t e r , b u t a r e d e c o m p o s e d 
b y boi l ing w a t e r . T h e s a l t w a s a lso p r e p a r e d b y M. Groger . C O . W e b e r o b t a i n e d 
w h a t h e r e g a r d e d a s potassium zinc ckrqmatodichrornate, K 2 C r 2 O 7 . Z n C r O 4 . G. Kr t i ss 
a n d O. U n g e r o b t a i n e d a c o m p l e x -with m e r c u r i c c y a n i d e ; N . P a r r a v a n o a n d 
A. P a s t a , a n d S. H . C. Br iggs , a c o m p l e x w i t h p y r i d i n e ; a n d S. H . C. Br iggs , a 
c o m p l e x w i t h an i l ine . J . Schu lze o b t a i n e d c a d m i u m d ichromate , CdCr 2 O 7 -H 2 O 5 
b y t h e m e t h o d e m p l o y e d for t h e z inc sa l t . T h e d a r k o r a n g e - b r o w n c rys t a l s a re 
eas i ly so luble i n w a t e r , a n d a r e n o t d e c o m p o s e d b y t h a t a g e n t . G. Kr i i s s a n d 
O. TJnger, a n d M. G r o g e r a lso p r e p a r e d t h i s s a l t . N . P a r r a v a n o a n d A. P a s t a 
o b t a i n e d c o m p l e x s a l t s w i t h e t h y l e n e d i a m i n e , p y r i d i n e , a n d ani l ine . G. Krxiss 
p r e p a r e d hygroscop ic p o t a s s i u m c a d m i u m d ichromate , K 2 C r 2 0 7 . C d C r 2 0 7 . 2 H 2 0 , 
wh ich is so luble in w a t e r . 

J . A . A t a n a s i u 1 2 f o u n d t h a t i n t h e e l ec t rome t r i c t i t r a t i o n of soln. of m e r c u r o u s 
n i t r a t e a n d p o t a s s i u m c h r o m a t e t h e c u r v e s h o w s a b r e a k co r re spond ing wi th 
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mercurous dichromate, Hg2Cr2O7 . A. J . Cox showed t h a t mercuric dichromate, 
H g C r 2 O 7 , is also s t ab l e a t 25°, w i t h soln. h a v i n g m o r e t h a n 10-46 mol s of c h r o m i c 
ac id p e r l i t r e—Figs . 50 a n d 5 1 — a n d t h i s s a l t is t h e solid p h a s e w i t h soln . h a v i n g 
b e t w e e n a b o u t 10-5 a n d 11-5 mol s of c h r o m i c ac id p e r l i t r e . T h e s a m e sa l t w a s 
p r e p a r e d b y A. G a w a l o w s k y b y t h e a c t i o n of p o t a s s i u m d i c h r o m a t e o n a 
soln . of mercur ic n i t r a t e . T h e d e e p c a r m i n e - r e d c rys t a l s w e r e f o u n d b y 
S. H . C. Br iggs t o fo rm c o m p l e x sa l t s w i t h p y r i d i n e . T h e y also f o r m c o m p l e x e s 
w i t h o t h e r mercur i c sa l t s—chlor ide , cyan ide , e t c . K . A. H o f m a n n r e c o m m e n d e d 
a soln. of mercu r i c c h r o m a t e in c h r o m i c ac id for ox id iz ing c a r b o n m o n o x i d e 
in gas-ana lys i s . C. H e n s g e n p r e p a r e d a m m o n i u m o x y d i m e r c u i i a m m o n i u m 
dichromate , 3 ( N H 4 ) 2 C r 2 0 7 [ N H 2 ( H g O H g ) ] 2 C r 2 0 7 , b y boi l ing a soln. of a m m o n i u m 
d i c h r o m a t e w i t h mercu r i c ox ide ; o r b y s a t u r a t i n g a h o t , c o n e . soln. of a m m o n i u m 
d i c h r o m a t e w i t h yel low mercu r i c oxide , a n d w a s h i n g w i t h w a t e r , a lcohol , a n d e t h e r , 
t h e p r o d u c t which s e p a r a t e s on cool ing. T h e ye l low need les or p l a t e s d o n o t 
d e c o m p o s e in air . T h e sa l t decomposes w i t h d e t o n a t i o n w h e n h e a t e d r a p i d l y , 
a n d w h e n slowly h e a t e d t o 170 0 -200° , i t fo rms a b l ack , g r a p h i t i c m a s s w h i c h 
d e t o n a t e s s u d d e n l y a t a h igher t e m p . I t is inso luble in w a t e r , a lcohol , a n d e t h e r . 
Th ree - fou r th s of t h e n i t r o g e n is evo lved a s a m m o n i a w h e n t h e s a l t is h e a t e d w i t h 
p o t a s h - l y e , a n d o x y d i m e r c u r i a m m o n i u m c h r o m a t e is f o rmed . T h e s a m e p r o d u c t 
is o b t a i n e d b y t r e a t i n g t h e sa l t w i t h a q . a m m o n i a . T h e sa l t is freely so luble 
in hydroch lo r i c acid, a n d spa r ing ly soluble i n di l . n i t r i c o r di l . s u l p h u r i c ac id ; 
a n d i t is decomposed b y w a r m , cone , ac ids . 

G. C a l c a g n i i a p r e p a r e d a l u m i n i u m OXydichromate, A l 2 O(Cr 2 O 7 J 2 , a s a n a m o r ­
p h o u s p a s t e b y e v a p o r a t i n g a soln. of p r e c i p i t a t e d a l u m i n i u m h y d r o x i d e in c h r o m i c 
ac id . R . E . Meyer o b t a i n e d a soln. of i n d i u m d ichromate b y d issolving t h e ox ide 
in a w a r m soln. of ch romic ac id ; b u t on e v a p o r a t i o n in a des i cca to r , h e w a s u n a b l e 
t o c rys ta l l ize t h e r e su l t i ng s y r u p y l iquid . W . Crookes , 1 4 a n d M. H e b b e r l i n g 
o b t a i n e d tha l lous d ichromate , T l 2 C r 2 O 7 , b y a d d i n g p o t a s s i u m d i c h r o m a t e t o a 
soln. of a t h a l l o u s sa l t . L . S c h u l e r u d e m p h a s i z e d t h e n e e d for u s ing a n acidified 
soln . of t h e tha l lous sa l t , o therwise a m i x t u r e of t h a l l o u s c h r o m a t e a n d d i c h r o m a t e 
is p r e c i p i t a t e d . J . E . Wi l lm o b t a i n e d t h e d i c h r o m a t e b y boi l ing t h e c h r o m a t e w i t h 
di l . su lphur i c acid ; a n d E . Ca r s t an j en , b y d i sso lv ing t h a l l o u s c a r b o n a t e i n a n 
excess of ch romic ac id . T h e orange-ye l low or o range - red , c rys t a l l ine p o w d e r is 
inso lub le in w a t e r . F . J . F a k t o r f o u n d t h a t t h a l l o u s d i c h r o m a t e is s o m e w h a t 
so luble in w a t e r ; a n d w i t h a soln. of s o d i u m t h i o s u l p h a t e , i t fo rms yel low c h r o m a t e , 
T l 2 CrO 4 . If t h e soln. of t h e d i c h r o m a t e in s o d i u m s u l p h a t e is w a r m e d w i t h 
a m m o n i u m chlor ide , h y d r a t e d ch romic oxide is p r e c i p i t a t e d . 

O. M a y e r 1 5 o b t a i n e d l ead d ichromate , P b C r 2 O 7 , b y t r e a t i n g a soln. of l e a d 
a c e t a t e w i t h c h r o m i c acid in t h e p resence of cone , n i t r i c acid, sp . gr . 1-4 ; K . P r e i s 
a n d B . R a y m a n , b y t r e a t i n g l ead c h r o m a t e w i t h a cone . soln. of c h r o m i c a c i d — 
cold or ho t . ; a n d E . H a t s c h e k , b y t h e ac t i on of a m m o n i u m c h r o m a t e o n a so ln . 
of l e a d n i t r a t e . E . H a t s c h e k a lso s t u d i e d t h e f o r m a t i o n of t h e d i c h r o m a t e b y 
a l lowing t h e a m m o n i u m d i c h r o m a t e t o diffuse i n t o a n a g a r - a g a r soln. of l e ad 
n i t r a t e ; a n d V. M o r a v e k , b y t h e diffusion of l ead n i t r a t e i n t o gels, of p o t a s s i u m 
d i c h r o m a t e . A . J . Cox s t u d i e d t h e cond i t i ons of i t s f o r m a t i o n f rom l ead ox ide 
a n d c h r o m i c ac id—v ide E ig . 55 . I t is f o rmed w h e n a mol of l ead ox ide is s h a k e n 
w i t h a s a t , soln . of 2-5 mol s of c h r o m i c ac id a t 25° . T h e excess of c h r o m i c ac id is 
w a s h e d o u t w i t h a m o r e dil . soln. of c h r o m i c ac id , a n d t h e p r o d u c t d r i e d b y p r e s s , 
b e t w e e n p o r o u s t i les , a n d t h e n in a des i cca to r over ca l c ium ch lor ide . K.. E l b s 
a n d R . Nt ib l ing p r e p a r e d t h e d i c h r o m a t e b y e lec t ro lyz ing a 130 p e r c e n t . so ln . 
of c h r o m i c ac id b e t w e e n l ead e lec t rodes w i t h a n a n o d e d e n s i t y of 4 t o 3 a m p s , p e r 
s q . d m , a t 15°—20°. T h e y also o b t a i n e d ev idence of t h e f o r m a t i o n of plumbic 
dichromcUe, P b ( C r 2 O 7 ) 2 . T h e p r e p a r a t i o n of l e a d d i c h r o m a t e w a s also s t u d i e d b y 
J . Mi lbaue r , w h o f o u n d t h a t t h e d i c h r o m a t e is p r e c i p i t a t e d f rom soln . w h i c h a r e 
s e v e n t i m e s m o l a r w i t h r e s p e c t t o CrO 8 . T h e c rys t a l s c a n n o t b e w a s h e d b y w a t e r 
w i t h o u t h y d r o l y s i s , b u t t h e y c a n b e freed f rom c h r o m i c ac id b y w a s h i n g w i t h a 



CHROMIUM 343 

10 p e r c e n t . soln . of g lac ia l ace t i c ac id in ace tone . E l e c t r o l y t i c processes were 
s t u d i e d b y W . Borche r s , a n d C. L t ickow. K . P re i s a n d B . K a y m a n o b t a i n e d a 
dihydrate, P b C r 2 O 7 . 2 H 2 O , b u t t h i s h a s n o t been conf i rmed. L e a d d i c h r o m a t e 
a p p e a r s a s a r e d d i s h - b r o w n p o w d e r , o r in b r i ck - r ed needles , o r a s a c rys ta l l ine 
p o w d e r . I t is d e c o m p o s e d b y w a t e r i n t o l e ad c h r o m a t e a n d c h r o m i c ac id ; i t is 
s t ab l e in a soln . w i t h a t l e a s t 6-87 m o l s of C r O 3 pe r l i t re a t 25° . I t is so luble in 
soda- lye . 

As i n d i c a t e d i n c o n n e c t i o n w i t h t h e bas ic b i s m u t h c h r o m a t e s , t h e r e is a 
poss ib i l i ty t h a t bismuth hydroxy chromate, B i (OH)(CrO 4 ) , is b i smuthy l d ichromate , 
(B iO) 2 Cr 2 O7.H 2 O ; a n d t h a t bismuthyl quaterchrornate, B i 2 O 3 . 4 C r O 3 . H 2 O , is 
b i s m u t h y l hydroxydichromate , B i ( O H ) ( C r 2 O 7 ) . 4. . J . Cox 1 6 d id n o t find b i s m u t h 
d i c h r o m a t e o n t h e e q u i l i b r i u m d i a g r a m , F i g . 6 3 . K . P r e i s a n d B . B a y m a n p r e p a r e d 
p o t a s s i u m b i smuthy l d ichromate , K 2 C r 2 O 7 . ( B i O ) 2 C r 2 O 7 , b y m i x i n g soln. of 2 mols 
of b i s m u t h n i t r a t e , a n d 3 mol s of p o t a s s i u m c h r o m a t e , a n d a l lowing t h e p r e c i p i t a t e 
t o s t a n d in c o n t a c t w i t h t h e m o t h e r - l i q u o r t o c rys ta l l i ze . T h e pa l e or d a r k o range-
red , g r a n u l a r o r sca ly p o w d e r is d e c o m p o s e d b y w a t e r . I t is so luble in hydroch lo r i c 
ac id . If t h i s sa l t b e w a r m e d w i t h a n excess of a cone . soln. of c h r o m i c acid , i t 
fo rms a d a r k red , c rys ta l l ine m a s s of potass ium b i s m u t h hydroxydichromate , 
K 2 C r 2 0 7 . 2 B i ( O H ) ( C r 2 0 7 ) H 2 0 . I t is d e c o m p o s e d b y w a t e r . 

Gr. C a l c a g n i 1 7 p r e p a r e d a hygroscop ic , a m o r p h o u s p a s t e of c h r o m i u m d ichromate , 
Cr 2 (Cr 2 O 7 J 3 , b y e v a p o r a t i n g a soln. of c h r o m i c ox ide in c h r o m i c ac id . P . PfeifEer 
p r e p a r e d c h r o m i c t r i se thy lened iaminodichromate , [Cr e n 3 ] 2 ( C r 2 0 7 ) 3 . 2 H 2 0 , b y t h e 
ac t i on of p o t a s s i u m d i c h r o m a t e on a soln. of t h e ch lor ide . T h e yel low needles 
a r e s l ight ly soluble in co ld w a t e r . T h e sa l t is d e c o m p o s e d b y h e a t o r b y e x p o s u r e 
to sunlight. O. T. Christensen obtained chromic iiitritoi^ntamminodichromate, 
[ C r ( N H 3 ) 5 N 0 2 ] C r 2 0 7 , ana logous t o t h e c h r o m a t e (q.v.). A. W e r n e r a n d J . v o n 
Halban made chromic tMocyanatopentomminodichromate, [Cr(NHg)6SCy]Cr2O7, 
in a n a n a l o g o u s m a n n e r . E . W i l k e - D d r f u r t a n d H . G. M u r e c k p r e p a r e d chromic 
hexantipyrinodichromate, [Cr(C10H12N2)6](Cr2O7)3 . W. J . Sell, and E. Wilke-
D o r f u r t a n d K . N i e d e r e r p r e p a r e d c h r o m i c h e x a c a r b a m i d o d i c h r o m a t e , 
[Cr(CON2H4)6]2(Cr207)3 .3H20, as well as chromic hexacaxbamidoperchlorato-
dichromate, [ Cr(CON2H4)6J(Cr2O7)ClO4 ; chromic hexacarbamidodisulphato-
dichromate, [Cr(CON2H4)6]2(Cr207)(S04)2 .5H20 ; chromic hexacarbamidonitrato-
dichromate, [Cr(CON 2H 4) 6](N0 3)(Cr 20 7) .H 20 ; chromic chlorodichromate, 
[Cr(C0N2H4)6](Cr207)C1.2H20; and chromic hexacarbamidobromodichromate, 
[Cr(ON2H4J6](Cr2O7)Br-H2O. They also made chromic hexacarbamidotetraboro-
fluodichromate, [ C r ( C O N 2 H 4 ) 6 ] 2 ( C r 2 0 7 ) ( B F 4 ) 4 , b u t n o t [Cr (CON 2 H 4 J 4 ] (Cr 2 O 7 )BF 4 . 
G-. Calcagni p r e p a r e d m o l y b d e n u m dichromate , Mo(Cr 2 O 7 J 3 , a s in t h e case of t h e 
c h r o m i u m s a l t ; b u t n e i t h e r t u n g s t e n d ichromate , n o r u r a n i u m d ichromate could 
be so p r e p a r e d . 

Acco rd ing t o M. G r o g e r , 1 8 m a n g a n e s e d ichromate , M n C r 2 O 7 , h a s n o t been 
p r e p a r e d , b u t N . P a r r a v a n o a n d A . P a s t a o b t a i n e d a c o m p l e x sa l t w i t h ani l ine ; 
a n d w i t h p y r i d i n e . S. H . C. Br iggs a lso p r e p a r e d a c o m p l e x w i t h p y r i d i n e . 
Accord ing t o S. H u s a i n a n d J . B . P a r t i n g t o n , c h r o m i c ac id a c t i n g on a n excess of 
solid m a n g a n e s e c a r b o n a t e y i e lds a d a r k r e d soln . p r o b a b l y c o n t a i n i n g m a n g a n e s e 
d i c h r o m a t e . O n l y p a r t l y d e c o m p o s e d sol id p r o d u c t s cou ld be o b t a i n e d from 
t h i s soln. A t t e m p t s t o p r e p a r e d o u b l e m a n g a n e s e d i c h r o m a t e a n d p o t a s s i u m 
c h r o m a t e w e r e n o t successful , b e c a u s e t h e l a t t e r is c o n v e r t e d i n t o d i c h r o m a t e w i t h 
t h e p r e c i p i t a t i o n of m a n g a n e s e d iox ide . G. Calcagni p r e p a r e d ferric oxybisdi -
c h r o m a t e , !Fe 2 O(Cr 2 O 7 ) 2 , or ( F e C r 2 0 7 ) 2 0 , f rom a soln. of ferric h y d r o x i d e in chromic 
ac id . Acco rd ing t o S. H u s a i n a n d J . B . P a r t i n g t o n , t h e p r o l o n g e d ac t i on of a soln. 
of c h r o m i c ac id o n a n excess of p r e c i p i t a t e d ferric h y d r o x i d e a t 80° t o 90° , y ie lded 
a soln. , wh ich , on e v a p o r a t i o n a t 90° , g a v e a r e s idue w i t h t h e compos i t ion of ferric 
d ichromate , ^Fe2(Cr2O7)S, a f te r i t h a d been d r i ed i n v a c u o . F e r r i c d i c h r o m a t e is a 
hygroscop ic , b r o w n solid w h i c h h y d r o l y z e s w h e n t h e a q . soln. is l a rge ly d i lu ted . 
I t decomposes a l i t t l e a t 100°, a n d a t 140° t h e c h r o m a t e radic le is decomposed , 
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forming a black residue which s lowly dissolves in boiling, cone, hydrochloric acid, 
forming a green soln. E . Wilke-Dorfurt and H . G. Mureck prepared ferric hexant i -
pyrinodichromate, [Fe(C 1 0 H 1 2 N 2 ) 6 ] (Cr 2 O 7 ) 3 . 

J. Schulze 1 9 obtained a soln. of cobal t d ichromate , b y dissolving cobal tous 
oxide in a soln. of chromic acid. The liquid contained CoO : CrOs i n ^ n e molar 
ratio 1 : 2 . G. Kriiss and O. Unger obtained a m m o n i u m CObaltoUS d ichromate , 
(NH4J2Cr2O7 .CoCr2O7 .2H2O, b y evaporat ing in vacuo a h o t cone. soln. of equimolar 
parts of ammonium dichromate and cobalt nitrate. The black, tabular crystals 
lose their water of crystall ization a t 105°. O. W. Gibbs prepared cobalt ic b e x a m -
minodicbromate , [ C o ( N H 3 ) 6 ] 2 ( C r 2 0 7 ) 3 . n H 2 0 , in orange needles, b y adding 
ammonium dichromate t o a cone. soln. of the nitrate of t h e base . A. Werner 
and K. D a w e prepared cobalt ic bispropyldiairunofliarnrriinodicliroriiate, 
[ C o p n 2 ( N H 3 ) 2 ] 2 ( C r 2 0 7 ) 3 . 2 H 2 0 : and O. W . Gibbs, cobal t ic a q u o p e n t a m m i n o d i -
chromate , [ C o ( N H 3 ) 5 ( H 2 0 ) ] 2 ( C r 2 0 7 ) 3 . 3 H 2 0 , b y adding potass ium dichromate t o 
an aq. soln. of the nitrate. O. W. Gibbs also obtained cobalt ic n i t r i t o p e n t a m m i n o -
dichromate , [Co(NH3)SNO2]Cr2O7 , b y adding potass ium dichromate t o the 
corresponding nitrate ; the orange-yellow, crystall ine precipitate m a y be crystal­
lized from water acidified wi th acetic acid. S. M. Jorgensen obtained cobalt ic 
c isdini tr i totetramminodic l iromate , [ C o ( N H 3 ) 4 ( N 0 2 ) 2 ] 2 C r 2 0 7 , as in the case of the 
corresponding monochrornate ; so also wi th cobalt ic transdin i tr i tote tramminodi -
chromate , prepared by O. W. Gibbs ; w i th cobalt ic ni txatopen torn mincHJichrornate, 
[Co(NHa) 5NO 3 ]Cr 2O 7 .H 2O, prepared b y S. M. Jorgensen, and O. W . Gibbs ; w i th 
cobalt ic chloropentaniTTIlTlodichromate, [Co(NH3J5Cl]2Cr2O7 , obtained b y S. M. Jor­
gensen ; wi th cobalt ic i odopentamminod ichromate , [ C o ( N H 3 ) 6 I ] 2 C r 2 0 7 , pre­
pared b y A. W e r n e r ; wi th cobalt ic d lch lorote tramminodicnxomate , 
[Co(NH 3 ) 4 Cl 2 ] 2 Cr 2 0 7 , prepared b y A. Werner and A. R. Kle in—G. Vor tmann 
regarded the salt as monohydrated ; and wi th A. Werner and A. A. Wolberg's 
cobalt ic d ibromotetramminodic l i romate , [0o (NH 3 ) 4 Br 2 ] 2 Cr 2 O 7 . G. Vortmann pre­
pared cobalt ic dJoxydecamminodichromate , [CoO 2 (NH 3 ) 1 0 ] 2 (Cr 2 O 7 ) 5 . 8H 2 O, from 
soln. of the chloride and potass ium dichromate. P . R a y and P . V. Sarkar obtained 
cobalt ic chromato te tramminod ichromate , [ C o ( N H 3 ) 4 ( C r 0 4 ) ] 2 C r 2 0 7 . H 2 0 , b y the 
act ion of chromic acid on the carbon at otetramminonitr a t e—it loses i ts water over 
sulphuric acid ; S. H. C. Briggs obtained the dihydrate b y the act ion of potass ium 
dichromate on a soln. of diaqu otetramminonitr ate. P . H a y and P . V. Sarkar 
found that cobalt ic dichromatotetramTninodichromate , [Co(NH 3 ) 4 (Cr 2 0 7 ) ] 2 Cr 2 0 7 . 
H 2 O , is formed if a larger proportion of chromic acid be employed. P . H a y 
and P . V. Sarkar also prepared cobalt ic d i ch romat op en t ammin oc l i romate , 
[ C o ( N H 3 ) 5 ( C r 2 0 7 ) ] 2 C r 0 4 . 3 H 2 0 ; from the v corresponding carbonato-salts . 
S. H . C. Briggs prepared cobalt ic c h r o m a t o a q u o t r i a m m i n o d i c h r o m a t e , 
[Co(NH 3 ) 3 (H 2 0)Cr0 4 ] 2 Cr 2 O 7 . 2H 2 O, from soln. of cobalt tr initratotriammine and of 
sodium dichromate. P . K a y and P . V. Sarkar found t h a t when cobaltic chromato-
pentamminochromate is recrystall ized from dil. acetic acid, it furnishes cobalt ic 
aquopentamminochromatob i sd ic l i romate , [ C o ( N H 3 ) 5 ( H 2 0 ) ] 2 ( C r 0 4 ) ( C r 2 0 7 ) 2 . H 2 0 . 
S. H . C. Briggs added a cobalt ic d iaquotetrammino-sal t t o a large excess of sodium 
dichromate and obtained brownish-black crystals of cobalt ic enneamxuinodi -
c h r o m a t e , C o 2 ( C r 2 0 7 ) 3 . 9 N H 3 . 4 H 2 0 . 

S. H. C. Briggs 2 0 prepared n i cke l d ichromate , N iCr 2 O 7 . IJH 2 O, b y boil ing on 
an oi l-bath 5*5 grms. of nickel carbonate (with 70 per cent . NiO) , wi th a soln. of 
10*5 grms. of chromium trioxide in 7-5 c.c. of water in a flask fitted wi th a reflux 
condenser. The crystall ine powder has the colour of silver chr ornate. I t 
del iquesces in air ; and is s lowly dissolved b y cold water, but rapidly b y h o t water . 
G. Chiavarino s tudied the ethylendiamine salt N i C r 2 O 7 . 3 C 2 H 4 ( N H 2 ^ -

G. B . B u c k t o n 2 * prepared p lat inous t e t ramminod ichromate , P t [ ( N H 3 ) 4 ] C r 2 0 7 , 
b y treat ing a soln. of the chloride wi th chromic acid, and the product drying in 
v a c u o . W h e n crystall ized from h o t soln. i t resembles lead monochr ornate. I t g ives 
off water, a m m o n i a , and nitrogen when heated, leaving plat inum, a n d chromic oxide 



CHROMIUM 345 

as a res idue . I t is spa r ing ly soluble in w a t e r ; insoluble in a l c o h o l ; a n d w h e n boi led 
w i t h a lcohol a n d hyd roch lo r i c ac id i t fo rms a ldehyde , ch romic ch lor ide , a n d p la t in i c 
d i c h l o r o t e t r a m m i n o c h l o r i d e . S. G. H e d i n o b t a i n e d p lat inic sulphatotetrapyri -
d inodichromate , [ P t ( C 5 H 5 N ) 4 ( S O 4 ) I C r 2 O 7 , b y t h e m e t h o d used for t h e co r r e spond ing 
c h r o m a t e (q.v.). O. Car lgren a n d P . T . Cleve p r e p a r e d p lat inic d ini tr i totetram-
minod ichromate , [ P t ( N H g ) 4 ( N O 2 J 2 ] C r 2 O 7 , b y t h e ac t ion of h y d r o g e n d iox ide o n 
t h e p r e c i p i t a t e o b t a i n e d b y m i x i n g soln. of p l a t i n o u s t e t r a m m i n o c h l o r i d e a n d p o t a s ­
s i u m d i c h r o m a t e . T h e lemon-ye l low p o w d e r d e t o n a t e s w h e n h e a t e d . P . T . Cleve 
prepared platinic dinitratotetramminodicliromate, [Pt(NHg)4(NOg)2]Cr2O7 by the 
m e t h o d u sed for t h e co r re spond ing c h r o m a t e ; a n d l ikewise wi th platinic d icWoro-
tetrainminodichromate, [Pt(NH3J4Cl2]Cr2O7 . He also obtained platinic 
hydroxyacetatotetrainminodichromate, [Pt(NH3)4(HO)(CH3COO)]Cr207 .H20, in 
o r a n g e - y e l l o w , s i x - s i d e d p l a t e s f r o m t h e c o r r e s p o n d i n g c h l o r i d e a n d p o t a s s i u m 
dichromate. He also made platinic hydroxysulphatotetramminodichromate, 
[ P t ( N H 3 ) 4 ( O H ) ( S 0 4 ) ] 2 C r 2 0 7 , i n a s imi lar w a y ; l ikewise also w i t h plat inic hydroxy-
chlorotetramminodichromate, [Pt{NH?)4(OH)Cl]Cr207 . P . T. Cleve obtained 
platinic dihydroxydiamidohexamminodicliromate, 

[ N H 2 | (Cr 2 0 7 ) 2 , 
(NH3) 3 (NH3)3J 

a s a n o range - r ed p r e c i p i t a t e f rom t h e c o r r e s p o n d i n g n i t r a t e a n d p o t a s s i u m 
d i c h r o m a t e . 
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§ 17. The Trichromates 
M. S i e w e r t x e v a p o r a t e d a soln. of a m m o n i u m d i c h r o m a t e in n i t r i c acid, a n d 

o b t a i n e d a m m o n i u m tr ichromate , ( N H 4 J 2 C r 3 O 1 0 . E . J a g e r a n d Gr. Kr i i s s recom­
m e n d e d n i t r i c ac id of s p . g r . 1*39 ; b u t a d d e d t h a t i t is m o r e c o n v e n i e n t t o p r e p a r e 
t h e s a l t f rom a soln. of a m m o n i u m d i c h r o m a t e in a cone . soln. of c h r o m i c acid . 
F . A . H . S c h r e i n e m a k e r s s t u d i e d t h e cond i t i ons of equ i l i b r ium, a n d h i s r esu l t s 
a r e s u m m a r i z e d in F i g . 29 . T h e d a r k g a r n e t - r e d , r h o m b i c b i p y r a m i d s were found 
b y G. N . W y r o u b o f i t o h a v e t h e ax ia l r a t i o s a : b : c = 0 - 8 4 4 6 : 1 : 0*8344 ; t h e 
(10O)-cleavage is d i s t i n c t . T h e op t i c ax ia l ang le 2 I £ = 4 4 0 3 0 ' ; a n d t h e op t ica l 
c h a r a c t e r is pos i t ive . E . J a g e r a n d G. Kr i i s s g a v e 2-329 a t 10°, a n d 2-342 a t 13° 
for t h e s p . gr , M. S iewer t s a id t h a t t h e sa l t d a r k e n s a t 110°—120°, a n d E . J a g e r 
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a n d G. Kr i i s s sa id t h a t t h e d a r k e n i n g -which a p p e a r s a t 160°—170° is a s ign of 
decompos i t i on w h i c h beg ins a t a b o u t 150° . D e t o n a t i o n occu r s a t a b o u t 190°. 
T h e res idue is ch romic oxide , or, a cco rd ing t o M. S iewer t , c h r o m i c ox ide m i x e d w i t h 
c h r o m i u m t r iox ide . W a t e r , n i t r o g e n a n d n i t r o g e n oxides—e .g . N O 2 — a r e evo lved . 
W . C. Bal l sa id t h a t t h e t h e r m a l d e c o m p o s i t i o n r e sembles t h a t w i t h t h e d i c h r o m a t e 
(q.v.). T h e sa l t does n o t de l iquesce , b u t i t s lowly d e c o m p o s e s in m o i s t a i r f o rming 
ch romic ac id a n d a m m o n i u m d i c h r o m a t e ; s imi la r ly a lso i n c o n t a c t w i t h w a t e r . 

F . A . H . S c h r e i n e m a k e r s 2 d i d n o t find l i t h i u m tr ichromate , L i 2 C r 8 O 1 0 i n h i s 
s t u d y of t h e t e r n a r y s y s t e m L i 2 O - C r O 3 - H 2 O a t 3 0 ° — F i g . 3 1 . A . S t a n l e y p r e p a r e d 
d a r k r e d de l i quescen t c r y s t a l s of s o d i u m tr ichromate , N a 2 C r 3 O 1 0 - H 2 O , b y 
e v a p o r a t i n g ove r s u l p h u r i c ac id a soln. of s o d i u m d i c h r o m a t e i n c h r o m i c ac id . 
T h e c o n d i t i o n s of e q u i l i b r i u m , w o r k e d o u t b y E . A . H . S c h r e i n e m a k e r s , a r e s u m ­
m a r i z e d i n F i g . 32 . T h e c ry s t a l s effloresce o v e r s u l p h u r i c ac id . T h e d e l i q u e s c e n t 
c r y s t a l s a r e so luble i n w a t e r w i t h o u t d e c o m p o s i t i o n e v e n a t 100° ; a n d 
F . A . H . S c h r e i n e m a k e r s f o u n d t h a t a t 30° a s a t . soln . c o n t a i n s 70 p e r c e n t . 
N a 2 C r 3 O 1 0 . F . Myl ius a n d I t . F u n k f o u n d t h a t a so ln . s a t . a t 18° c o n t a i n s 80-60 
p e r cen t , of s a l t a n d h a s a s p . gr . 2-059 ; a n d t h e y g a v e for t h e p e r c e n t a g e so lub i l i ty 
a t 0° , 15°, 55° , a n d 99° , r e spec t ive ly 80-03, 80-44, 82-68, a n d 85-78. 

E . Mi tscher l ich 3 p r e p a r e d p o t a s s i u m tr ichromate , K 2 C r 3 O 1 0 , f rom a so ln . of 
p o t a s s i u m d i c h r o m a t e a n d n i t r i c ac id ; F . B o t h e r e c o m m e n d e d w o r k i n g -with n i t r i c 
ac id of s p . gr . 1-210, a n d a t 60° ; E . J a g e r a n d Gr. Kr i i s s u s e d n i t r i c a c id of s p . g r . 
1-19. C. S c h m i d t u s e d cone , n i t r i c ac id , b u t G. N . WyroubofE sa id t h a t if t h e n i t r i c 
ac id b e t o o cone .—over 1-41 s p . g r . — s o m e t e t r a c h r o m a t e is fo rmed . H* R e i n s c h , 
a n d C. J . B . K a r s t e n o b s e r v e d t h e t e n d e n c y of p o t a s s i u m n i t r a t e t o c rys ta l l i ze o u t 
w i t h t h e t r i c h r o m a t e in n i t r i c ac id soln . ; a n d L . D a r m s t a d t e r m i s t o o k t h e i m p u r e 
p r o d u c t for n i t r o c h r o r n a t e . M. S iewer t s e p a r a t e d t h e p r o d u c t f rom p o t a s s i u m 
n i t r a t e b y f rac t iona l c rys t a l l i za t ion . C. v o n H a u e r , M. S iewer t , a n d E . J a g e r a n d 
Gr. Kr i i s s o b t a i n e d t h e t r i c h r o m a t e b y e v a p o r a t i n g ove r s u l p h u r i c ac id a so ln . of 
p o t a s s i u m d i c h r o m a t e in c h r o m i c ac id ; E . A . H . S c h r e i n e m a k e r s , a n d I . K o p p e l 
a n d E . B l u m e n t h a l s t u d i e d t h e cond i t i ons of equ i l i b r ium, a n d t h e r e su l t s a r e s u m ­
m a r i z e d in E igs . 36 t o 4 1 . P o t a s s i u m t r i c h r o m a t e fu rn i shes d e e p r ed , p r i s m a t i c 
c rys t a l s ; a n d E . B o t h e r e p o r t e d t h a t t h e monoc l in ic p r i s m s h a v e t h e ax i a l r a t i o s 
a ib i c = 0 - 8 4 3 7 : 1 : 0-8318, a n d 0 = 1 0 1 ° O' ; t h e (010)-c leavage is d i s t i n c t . E . B o t h e 
g a v e 3-613 for t h e s p . g r . ; H . G. E . Sch rode r , 2-676-2-702 ; L,. P l a y f a i r a n d 
J . P . J o u l e , 2-655 ; a n d E . J a g e r a n d G-. ELriiss, 2-667 a t 10°—crys ta l l i zed f rom 
c h r o m i c a c i d — a n d 2-648 a t 11°—crys ta l l i zed f rom n i t r i c ac id . T h e h a r d n e s s is 
2-5. I . T r a u b e found t h e d r o p - w e i g h t of t h e m o l t e n t r i c h r o m a t e t o be 231 m g r m s . 
E . B o t h e sa id t h a t t h e sa l t d e c r e p i t a t e s a l i t t l e w h e n h e a t e d , a n d m e l t s a t 145°— 
150° ; E . J a g e r a n d G. Kr i i s s s a id t h a t t h e t r i c h r o m a t e b l a c k e n s a t 220° , a n d 
m e l t s a t 250° . E . Groschuff sa id t h a t t h e sa l t decomposes w h e n m e l t i n g . 
M. B e r t h e l o t g a v e for t h e h e a t of f o r m a t i o n i n t h e solid s t a t e : ( K 2 C r 0 4 , 2 C r 0 3 ) 
= 14-1 CaIs. ; a n d T . G r a h a m g a v e for t h e h e a t of soln. , —14-2 CaIs. O n e x p o s u r e 
t o a i r , t h e c r y s t a l s lose t h e i r l u s t r e a n d b e c o m e o p a q u e . T h e s a l t is freely so lub le 
i n w a t e r a n d t h e r e is a s m a l l fall in t e m p . , a n d t h e t r i c h r o m a t e d e c o m p o s e s i n t o 
d i c h r o m a t e a n d c h r o m i c ac id . P , W a l d e n a lso infer red f rom t h e e lec t r ica l con­
d u c t i v i t y , [M m h o of t h e a q . so ln . of a m o l of t h e sa l t in v l i t r es of w a t e r a t 25° , viz. 

v . . 32 64 128 256 512 1024 
fj, . . 2 7 5 9 282-9 286-1 286-4 283-4 278-2 

t h a t t h e s a l t is p a r t i a l l y d e c o m p o s e d . Xi. A . WeIo s t u d i e d t h e m a g n e t i c suscep t i ­
b i l i ty , E . B o t h e f o u n d t h a t t h e t r i c h r o m a t e is soluble in a lcohol , a n d t h e a lcohol ic 
soln . r a p i d l y d e c o m p o s e s in l igh t . A . N a u m a n n f o u n d t h a t t h e s a l t i s so luble i n 
a c e t o n e . G. N . WyroubofE s t u d i e d sol id soln. of p o t a s s i u m a n d a m m o n i u m t r i -
c h r o m a t e s , a n d s aw t h a t t h e h e x a g o n a l c r y s t a l s h a v e t h e ax i a l r a t i o a : c = l : 1-0844 
w i t h 58-5 t o 69-7 p e r c e n t , of t h e a m m o n i u m sa l t . 

E . A . H . S c h r e i n e m a k e r s a n d H . E i l i p p o 4 s h o w e d t h e c o n d i t i o n s of e q u i l i b r i u m , 
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F i g . 46, for rub id ium tr ichromate , R b 2 C r 3 O 1 0 , in soln . of c h r o m i c ac id ; a n d 
P . A . H . S c h r e i n e m a k e r s a n d D . J . Mei jer ingh, t h e c o n d i t i o n s of equ i l i b r ium, F ig . 47 , 
of caes ium tr ichromate , C s 2 C r 3 O 1 0 . T h e d a r k red , t r i gona l c r y s t a l s were s t a t e d b y 
F . R . F r a p r i e t o h a v e t h e a x i a l r a t i o a : c = l : 1-5549 a n d n o t t o b e i s o m o r p h o u s 
w i t h t h e o t h e r t r i c h r o m a t e s . 

M. Grdger 6 cou ld n o t p r e p a r e copper tr ichromate , C u C r 3 O 1 0 . H . v o n F o u l l o n 
p a s s e d c a r b o n d iox ide i n t o a soln. of c a l c ium c h r o m a t e a n d o b t a i n e d a p r e c i p i t a t e 
c o r r e s p o n d i n g w i t h c a l c i u m oxytr i chromate , CaO-CaCr 3 O 1 0 . K . P r e i s a n d B . R a y -
m a n p r e p a r e d g a r n e t - r e d de l iquescen t c r y s t a l s of s t ront ium tr ichromate , 
S r C r 3 O 1 0 . 3 H 2 O , b y t h e m e t h o d e m p l o y e d in p r e p a r i n g t h e d i c h r o m a t e , b u t u s ing a 
l a rge excess of c h r o m i c ac id . J . F . B a h r p r e p a r e d p o t a s s i u m bar ium tr ichromate , 
K 2 C r 3 O 1 0 . 2 B a C r 3 O 1 0 . 3 H 2 O , f rom a c h r o m i c ac id soln . of b a r i u m a n d p o t a s s i u m 
d i c h r o m a t e s . T h e r e d d i s h - b r o w n need les a r e very, de l iquescen t , a n d a re decom­
posed b y w a t e r . 

M. G r o g e r 6 p r e p a r e d d a r k r ed , de l i quescen t c ry s t a l s of z i n c tr ichromate , 
Z n C r 3 O 1 0 . 3 H 2 O , b y e v a p o r a t i n g in v a c u o a soln. of z inc d i c h r o m a t e in ch romic acid. 
H e also o b t a i n e d c a d m i u m tr ichromate , C d C r 3 O 1 0 . H 2 O , i n d a r k r edd i sh -b rown 
c rys t a l s b y a n a n a l o g o u s p rocess . A . G a w a l o w s k y o b t a i n e d p a l e r e d c rys t a l s of 
mercuric polychromate b y t h e a c t i o n of a n acidified soln . of p o t a s s i u m d i c h r o m a t e on 
m e r c u r y . 

W . C r o o k e s 7 o b t a i n e d tha l lous tr ichromate , T l 2 Cr 3 O 1 0 3 b y d iges t ing t h e c h r o m a t e 
w i t h s u l p h u r i c ac id ; a n d J . E . W i l l m , b y d iges t ing t h e d i c h r o m a t e w i t h n i t r i c acid . 
T h e r ed , c rys ta l l ine p o w d e r b e h a v e s l ike t h e m o n o c h r o m a t e t o w a r d s aq . a n d 
a lcohol ic h y d r o c h l o r i c ac id . 100 grms % of w a t e r a t 15° d issolve 0-0355 g r m . 
of t h e t r i c h r o m a t e , a n d a t 100°, 0-2283 g r m . 
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§ 18. The Tetrachromates 
G. N . Wyrouboff i reported ammonium tetrachromate, (NH4)2Cr4Oi3, t o *>e 

f o r m e d b y c rys t a l l i za t ion f rom a soln. of a m m o n i u m d i c h r o m a t e in h o t n i t r ic ac id 
of s p . gr . 1*4:1. E . J a g e r a n d Gr. Kr t i s s cou ld n o t o b t a i n t h e sa l t i n th i s w a y , b u t 



352 I N O R G A N I C A N D T H E O R E T I C A L , C H E M I S T R Y 

t h e y o b t a i n e d i t b y slowly cooling a soln. of t h e t r i c h r o m a t e i n n i t r i c ac id of s p . g r . 
1*39. F . A. H . S c h r e i n e m a k e r s s t u d i e d t h e cond i t i ons of e q m l i b r i u m , a n d t h e 
r e su l t s a r e s u m m a r i z e d in F i g . 29 . T h e b rowni sh - r ed , c rys ta l l ine agg r ega t e s a r e 
less s t ab l e t h a n t h e lower c h r o m a t e s . E . J a g e r a n d G. Kr i i s s o b s e r v e d t h a t t h e 
sa l t is hygroscopic , a n d is d e c o m p o s e d b y m o i s t u r e i n t o t h e d i c h r o m a t e a n d 
c h r o m i c acid . T h e c rys t a l l ine s a l t is s t a b l e in a d r y a t m o s p h e r e . I t b l a c k e n s 
w h e n h e a t e d t o 160°, m e l t s a t 170°, a n d decomposes s u d d e n l y a t 175°, g iv ing off 
n i t r i c oxide , e t c . , a n d l e a v i n g a m i x t u r e of ch romic oxide a n d c h r o m i u m t r i o x i d e . 
J . J . P o h l r e p o r t e d c r y s t a l s of ammonium tetrachromate, t h o u g h t t o b e ( N H ^ ) 1 0 C r 4 O 1 7 , 
in t h e p r e p a r a t i o n of t h e n o r m a l t e t r a c h r o m a t e . J . S c h a b u s f o u n d t h e m o n o -
clinic c r y s t a l s h a d t h e ax i a l r a t i o s a : b : c = 0 - 7 4 5 8 : 1 : 0-4955, a n d / J = 1 0 6 ° 5 1 ' . 

F . A . H . S c h r e i n e m a k e r s could n o t p r e p a r e l i th ium te trachromate , L i 2 C r 4 O 1 3 ; 
b u t h e showed t h a t s o d i u m tetrachromate , N a 2 C r 4 O 1 3 - H 2 O , c a n ex i s t u n d e r t h e 
c o n d i t i o n s i n d i c a t e d i n F i g . 34 . F . Myl ius a n d R . F u n k p r e p a r e d t h i s sa l t b y 
e v a p o r a t i n g a soln . of s o d i u m c h r o m a t e in a n excess of c h r o m i c ac id . T h e g a r n e t -
r e d , de l iquescen t p l a t e s m e l t a t 40°—50° w i t h t h e s e p a r a t i o n of c h r o m i u m t r i o x i d e . 
T h e sa l t d issolves in w a t e r w i t h o u t decompos i t ion . A s a t . soln. a t 18° h a s 74-60 
p e r c e n t , of N a 2 C r 4 O 1 3 , a n d h a s a sp . gr . of 1-926 ; a n d a t 0° , 16°, a n d 22°, t h e 
r e spec t i ve p e r c e n t a g e solubil i t ies a re 72-19, 74-19, a n d 76-01 . 

M. S iewer t p r e p a r e d p o t a s s i u m t e t r a c h r o m a t e , K 2 C r 4 O 1 3 , b y e v a p o r a t i n g a soln. 
of p o t a s s i u m t r i c h r o m a t e in cone , n i t r i c ac id s lowly on a s a n d - b a t h , a n d cool ing 
t h e m i x t u r e . T h e c rys ta l l ine p l a t e s h a v e t h e colour of mercu r i c iod ide , a n d a r e 
f reed f rom n i t r i c ac id b y press , o n p o r o u s t i t les , a n d b y d r y i n g a t 140°. E . J a g e r 
a n d G. Kr i i s s , a n d G. N . WyroubofE used n i t r i c ac id of sp . gr . 1-4 ; a n d C. S c h m i d t , 
ac id of sp . g r . 1-48—1-52. Th€; c o n t a m i n a t i o n of t h e sa l t w i t h n i t r a t e led L . D a r m -
s t a d t e r t o r e g a r d i t a s a n i t r o c h r o m a t e . E . J a g e r a n d G. Kr i i s s , a n d G. N . Wyroubofx 
o b t a i n e d i t b y c rys ta l l i za t ion f rom a soln. of t h e t r i c h r o m a t e in a q . c h r o m i c ac id . 
F . A . H . Sch re inemake r s , a n d I . K o p p e l a n d E . B l u m e n t h a l s t u d i e d t h e cond i t i ons 
of equ i l ib r ium, a n d t h e resu l t s a re s u m m a r i z e d in F igs . 36 t o 4 1 . H . S c h w a r z 
f o u n d t h a t a soln. of a mo l of p o t a s s i u m d i c h r o m a t e a n d 2 mo l s of su lphu r i c ac id , 
first depos i t s c rys ta l s of t h e d i c h r o m a t e , a n d a f t e r w a r d s a m i x t u r e of p o t a s s i u m 
t e t r a c h r o m a t e a n d s u l p h a t e . P o t a s s i u m t e t r a c h r o m a t e fo rms b r o w n i s h - r e d o r 
ca rmine- red , 8-sided p l a t e s a n d p r i s m s , w h i c h a r e monoc l in ic ; G . N . WyroubofE 
g a v e for t h e ax ia l r a t i o s a : b : c = 0 - 7 9 7 : 1 : 1-110, a n d / 3 = 9 1 ° 4 2 ' . T h e de l iquescen t 
c rys t a l s a r e s t ab l e in a i r ; a n d E . J a g e r a n d G. Kr i i s s sa id t h a t t h e i r s p . g r . is 
2-649 a t 11° ; a n d t h a t t h e y m e l t a t 215° ; t h e y a r e d e c o m p o s e d b y w a t e r i n t o 
t r i c h r o m a t e a n d ch romic ac id . 

F . Myl ius a n d J . v o n W r o c h e m o b t a i n e d d a r k r e d c rys t a l s of c a l c i u m te tra ­
chromate , CaCr 4 O 1 3 . 6H 2 O, b y e v a p o r a t i n g over su lphu r i c ac id a soln. of ca l c ium 
c a r b o n a t e in a n excess of c h r o m i c ac id . T h e s a l t is soluble in w a t e r . 

C. F . R a m m e l s b e r g f o u n d t h a t a so ln . of c h r o m i c a^ id free f rom s u l p h u r i c a c i d , a n d 
half s a t u r a t e d w i t h a m m o n i a f u r n i s h e d a b r o w n i s h - y e l l o w s a l t — t h o u g h t t o b e ammonium 
hexachroinate. I t d e c o m p o s e d w i t h i n c a n d e s c e n c e w h e n h e a t e d . E . J a g e r a n d Q . !Kriiss 
c o u l d o b t a i n o n l y t h e d i c h r o m a t e b y t h i s p r o c e s s ; a n d t h e y w e r e u n a b l e t o i so l a t e a m o r e 
c o m p l e x s a l t t h a n t h e t e t r a c h r o m a t e . T h i s a g r e e s w i t h F . A . H . S c h r e i n e m a k e r ' s obse r ­
v a t i o n s — F i g . 29 . 
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§ 19. Perchromic Acid and the Perchromates 
I n 1847, Hi. C. A. Barreswil ,1 in his memoir : Sur un nouveau compose oxygene 

du chrome9 described how a deep blue soln. is produced when a cone. soln. of chromic 
acid is mixed wi th hydrogen dioxide. The soln. immediate ly begins t o decompose 
wi th the evolut ion of oxygen , and this decomposit ion occurs more quickly wi th 
cone. soln. and wi th vigorous agitat ion. If sulphuric acid be mixed wi th potass ium 
dichromate, and treated with hydrogen dioxide, oxygen is evo lved and a soln. of 
chromic sulphate is formed. If ether be shaken up wi th the blue soln., the aq. 

- layer is decolorized, and the ethereal liquor retains the blue product. The ethereal 
soln. is more stable than the aq. soln. If the ethereal soln. be evaporated, a cone, 
is at ta ined a t which the liquor suddenly decomposes wi th the evolution of oxygen 
and the formation of chromic acid. I t is assumed that the blue soln. contained a 
perchromic acid CrO 3 + 7l formed in accord wi th 2Cr03+2nH202—^2<2rC>3 + n 
+2TiH 2 O ; and t h a t the decomposit ion progresses 2 C r O 3 + n —>Cr 2 0 3 - f - (2n+3)0 , or 
C r O 3 + n —>Cr0 3 +nO. F . H. Storer said t h a t the blue coloration is so sensitive 
tha t i t enables one part of potass ium dichromate to be detected in 30,00O to 40,000 
parts of water. G. Werther said t h a t the presence of O-OOOl part of vanadate will 
mask the effect with OOOOl part of chromate ; and C. Reichard noted tha t the 
disturbing effect of the molybdate and tungstate is not so great as that of the 
vanadate . C. Reichard observed t h a t the presence of sodium hydrophosphate or 
hydroarsenate removes the injurious effect of vanadium. 

W. M. Grosvenor found that the blue compound is also soluble in e thy l acetate 
or valerate, a m y l chloride, amyl alcohol, and in amyl formate, acetate , butyrate, 
or valerate. The blue substance is n o t dissolved b y carbon disulphide, benzene, 
l ight petroleum, toluene, nitrobenzene, aniline, paraffin and turpentine, carbon 
tetrachloride, chloroform, castor oil, bergamot oil, and oil of wintergreen. The 
soln. in ethyl acetate is said t o be the m o s t stable, but even t h a t decomposes in 
about 23 hrs. G. Griggi said that the soln. in amyl alcohol is more stable than in 
ordinary ether, but W. M. Grosvenor did not agree. According t o L. C. A. Barreswil , 
alkaloids—quinine, strychnine, e tc .—in ethereal soln. form dirty violet precipitates 
insoluble in ether ; and when the precipitate is dried and treated w i th an acid, 
and ether, the blue soln. is again formed. 

H. Aschoff found t h a t the blue soln. is decolorized by ferrous sa l t s ; and, accord­
ing t o W. P . Jorissen and L. T. Reicher, b y oxalic acid. W i t h an excess of alkali-lye, 
TJ. C. A. Barreswil observed t h a t oxygen is evo lved and alkali chromate is formed. 
H . Aschoff found t h a t lead oxide behaves l ike the alkali. C. F . Schonbein made 
some observations on the act ion of alkali on the blue soln. H . Aschoff found that 
if a dil. soln. of potass ium hydroxide be added t o the soln. unti l the ethereal layer 
is pale blue, water now colours the neutral aq. layer brownish-violet . The addition 
of more alkali results in the evolut ion of oxygen , and the formation of yel low alkali 
chromate. I t is therefore inferred tha t the soln. of the free perchromic acid is 
blue, and that the salts are violet . I n general, as shown b y M. Martinon, acids 
decomposed t h e blue substance into salts of chromic oxide and oxygen, while 
alkalies form chromates . 

M. Berthelot showed t h a t wi th strong acids and a soln. of dichromate, hydrogen 
dioxide g ives the blue colour of the hypothet ical perchromic acid ; with the weaker 
acetic or phosphoric acid, the colour is v iolet not blue—due, it is suggested, to 
the formation of a brown substance along wi th the perchromic acid ; and wi th 
still weaker boric or hydrocyanic acid, the colour is brown and the rate of decom­
posit ion is slow. Wi th a moderate ly cone. soln. of chromic acid, the liquid is first 
blue, then violet, brown, or e v e n green ; but wi th dil. soln., a t 10°, only traces of 
the blue perchromic acid are formed. The brown substance is the chief product. 
The act ion is m o s t regular wi th a n aq. soln. of a mol . of potassium dichromate 
per 16 litres, and an eq. quant i ty of a soln. containing a mol of hydrogen dioxide 
per 2 l itres. The liquid first darkens in colour, rapidly becoming deep brown, and 
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o x y g e n is l iberated with effervescence, and during the reaction the l iquid contains 
only traces of perchromic acid. The l iquid then becomes clear and acquires i t s 
original colour—it contains neither hydrogen dioxide nor reduced chromic oxide. 
The same quant i ty of potass ium dichromate will decompose an unl imited quant i ty 
of hydrogen dioxide. The brown intermediate product is probably a compound 
of hydrogen peroxide with chromic oxide : i t decomposes rapidly, wi th regenera­
t ion of chromic acid, l iberation of oxygen , and formation of water. A s t h e thermal 
measurements show, the heat l iberated by the reaction is identical w i t h t h a t 
l iberated b y the decomposi t ion of hydrogen peroxide. 

The brown colour of the unstable intermediate product points t o the formation 
of chromium chromate . The hydrogen dioxide oxidizes the chromium chromate 
forming chromic acid and water. All this characterizes a catalyt ic reaction. 
A t t e m p t s b y E . H. Riesenfeld, and E . Spitalsky to work out a detai led explanat ion 
of the cata lyzed reaction have not been successful. W h e n a large excess of 
hydrogen dioxide is present, the rate of decomposit ion is approximate ly propor­
tional to the cone, of the chromic acid. If C1 denotes the cone, in mols of K 2 CrO 4 
per litre, and Iz1 the ve loc i ty constant , 

O1 . . 0 0 0 1 6 7 4 0-003132 0 0 2 2 0 5 0-0313 0 0 5 1 0 5 0 0 6 7 4 0-1020 
Jc1 (obs.) . O 6-7 14-4 15-9 23-5 29-4 4 6 0 
Jc1 (calc.) . 0-8 1-4 1 0 1 14-4 23-5 3 1 O 46-8 

The reaction with dichromate is faster than wi th monochromate ; and if C 2 denotes 
the cone, in mols of K 2 Cr 2 O 7 per litre, and /c2, the ve loc i ty constant of a first order 
reaction, 

C 2 X l O 4 . . 0 -3 1-2 2-4 4 -8 7 -83 9-6 4 5 - 4 9 0 - 8 
Jc2 ( o b s . ) . . 4 -5 17 -2 3 3 - 7 6 5 - 3 1OO 1 2 3 3 9 4 8 2 9 
Ar2(CaIc.) . . 4 1 16 -4 3 2 0 6 5 - 8 1 0 8 1 2 3 3 9 4 8 2 9 

The calculated values from C 2 = 9 - 6 X 1 O - 4 are no longer in accord wi th the observed. 
Wi th dichromate alone, or in feebly acidic soln., some of the dichromate is reduced 
t o a tervalent chromic salt ; the proportion reduced depends on the acidity, i.e. 
on the H*-ion cone. ; thus, w i th soln. containing O-00546 mol Cr per litre a t 25°, 
the percentage proportions of tervalent chromium are : 

[H-] O 0 0 0 1 8 2 0 0 0 3 5 4 0 0 0 5 4 7 0 0 0 7 8 3 0 0 0 8 1 8 0-01089 
C r - - . 2O 8-7 18-9 28-5 36-2 43-6 57-5 per cent . 

These are equilibrium values in the sense t h a t if a mixture contains more than th is 
proportion of Cr**-, oxidation to chromate occurs. E . Spitalsky found t h a t w h e n 
hydrogen dioxide is present in considerable excess , the rate at which i t is decom­
posed is nearly independent of i ts cone . , ,be ing approximate ly proportional t o the 
cube root of the dioxide c o n e , b u t when the dioxide cone, has diminished t o 
such an extent that the ratio H 2 O 2 : CrO3 is n o t more than 10 : 1, the ve loc i ty 
suddenly rises to t w o or three t imes i t s former va lue and then falls rapidly t o zero, 
the dioxide being complete ly decomposed. The decomposi t ion is relat ively less 
rapid the greater the initial dioxide cone, for a definite cone, of chromic acid. 
W h e n the dioxide is present in considerable excess , the rate of decomposi t ion is 
approximate ly proportional to the chromic acid cone. The reaction ve loc i ty a t 
a n y ins tant is complete ly determined b y the dioxide and chromic acid cone, a t t h a t 
ins tant—for example , the sharp m a x i m u m in the ve loc i ty curve occurs at the same 
dioxide cone, for a definite chromic acid c o n e , independent of t h e init ial cone, 
of the dioxide. E . H . Riesenfeld inferred t h a t the H 3 CrO s -acid is first formed b y the 
consumpt ion of H"-ions ; and as the ac idi ty of the poln. is reduced, H 3 Cr07-ac id 
appears. This is in harmony wi th E . Spitalsky's observation t h a t a definite pro­
port ion of the chromic acid cata lys t is reduced to a tervalent chromium sa l t . 
E . I. Orloff also discussed these complex reactions ; and O. N . R i d l e y rev iewed 
the general properties of perchromic acid. 
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H . Moissan said tha t the blue compound cannot be formed b y the act ion of 
ozone, o n a soln. of chromic acid, a l though A. Mailfert said tha t perchromic acid is 
formed if ether be also present. H . Moissan added t h a t the blue perchromic acid 
is produced b y the electrolysis of soln. of chromic acid only w h e n hydrogen dioxide 
i s first formed. E . H . Riesenfeld found t h a t when a soln. of 16-6 grms. of chromic 
acid in 100 c.c. of a 30-per cent . soln. of sulphuric acid is electrolyzed, using p la t inum 
electrodes, and a porous cathode cell cooled b y means of ether and carbon dioxide, 
a higher oxidat ion product of chromium, which can be detected b y precipitat ion 
wi th ammonia , is probably formed, b u t decomposes as the cone, increases unti l 
the ve loc i ty of formation becomes equal t o t h a t of decomposit ion. Since chromic 
oxide, Cr2O3 , and n o t chromic acid, is formed b y the decomposit ion, the quant i ty 
of o x y g e n lost is greater than t h a t produced b y the electrolysis. 

T w o methods have been employed for finding the nature of the blue product : 
(i) !By isolating the substance, i ts salts or their equivalent ; and (ii) B y determining 
the oxidizing power or the a m o u n t of o x y g e n set free during its decomposit ion. 
IJ. C A. Rarreswil found tha t when an acidified soln. of potass ium dichromate is 
treated wi th hydrogen dioxide, 4 mols of o x y g e n are g iven off per mol of K 2 Cr 2 O 7 ; 
and he assumed that the perchromic acid, Cr 2 O 7 -H 2 O, is formed as an intermediate 
compound. H . Aschoff represented the react ion : 2CrO 3 -J -H 2 O 2 =H 2 OH-Cr 2 O 7 
fol lowed b y Cr2O7 + 4 H 2 O 2 ^ C r 2 O 3 + 4 H 2 O + 4 O 2 . B . C. Brodie found tha t with 
an excess of chromic acid, 6 gram-atoms of o x y g e n are e v o l v e d per 2 mols of CrO3 ; 
and wi th an excess of hydrogen dioxide , 9 gram-atoms of o x y g e n ; whi le T. Fairley's 
observat ions led him t o assume t h a t the intermediate perchromic acid is CrO 6 .3H 2 O. 
M. Martinon found t h a t the m a x i m u m depth of blue coloration is deve loped when 
2 mols . of CrO3 and 4 mols . of H 2 O 2 are present, and hence he regarded the per­
chromic acid as 4H 2 O 2 .2CrO 3 , i.e. H 4 CrO 7 , w i th the anhydride CrO5. A. Carnot 
found t h a t chromic acid is quant i ta t ive ly reduced b y hydrogen dioxide, and 
M. Berthelot observed t h a t the a m o u n t of o x y g e n deve loped depends on whether 
the hydrogen dioxide is poured into the chromic acid or conversely. In the first 
case the result agrees wi th : 2 C r O 3 + 3 H 2 O 2 + 3 H 2 S O 4 - = C r 2 ( S O J 3 + 3 O 2 + 6 H 2 O , 
i.e. the chromic acid and hydrogen dioxide each lose the same quant i ty of oxygen . 
In the second case, the reaction seems to occur in t w o s tages , 2 C r O 3 + H 2 O 2 = C r 2 O 7 
+ H 2 O , and then C r 2 O 7 + 4 H 2 O 2 = C r 2 O 3 + 4 H 2 O + 4 O 2 when 1-66 t imes as m u c h 
o x y g e n is derived from the hydrogen dioxide as from the chromium trioxide. The 
intermediate Cr 2O 7 is considered to be the anhydride of the blue perchromic acid. 
E . B a u m a n n confirmed M. Berthelot 's conclus ions ; and observations were also 
made b y A. Bach , and L. Marchlewsky. E . H . Riesenfeld represented the reaction 
be tween hydrogen dioxide and an excess of chromic acid by the equat ion : 2CrO3 
+ 3 H 2 O 2 = C r 2 O 3 + 3 H ^ O + 3 O 2 w i th the intermediate formation of a Cr*>09-oxide : 
2 C r 0 3 + 3 H 2 0 2 = C r 2 0 9 + 3 H 2 0 fol lowed b y C r 2 O 9 = C r 2 O 3 + 3 O 2 ; and" with the 
hydrogen dioxide in excess , 2 C r O 3 + 2 H 2 O 2 = 2 C r 0 4 + 2 H 2 O followed b y 2CrO4 
+ 5 H 2 0 2 = C r 2 0 3 + 5 H 2 0 + 5 0 2 , or else according to 2 C r 0 3 + 7 H 2 0 2 = C r 2 0 1 3 + 7 H 2 0 
followed b y C r 2 O 1 3 = C r 2 O 3 + 5 O 2 . H . E . P a t t e n argued t h a t it is the hydrogen not 
the chromium which forms a higher peroxide. H e said : 

W h e n a sat . soln. of p o t a s s i u m dichromate is cooled t o — 16° and treated w i t h 2 per cent , 
soln. of h y d r o g e n d iox ide a t t h e s a m e t e m p . , a whi te , sol id substance separates and the so ln . 
turns blue . If a cold sa t . so ln . of sod ium ace ta te is added t o th is so ln. , i t a s sumes the 
lake-colour of chromoua ace ta te , a n d if left for half an hour t h e green colour of chromic 
ace ta te appears . Sol id chromous ace ta te m a y be obta ined b y ex trac t ing the blue soln. 
w i t h e ther and adding s o d i u m ace ta te t o the blue ethereal so ln . T h e electrical conduct iv i ty 
of t h e blue ethereal so ln . of ** chromous ox ide " is less t h a n 2 x 10—8 a t 0 0 . T h e s implest 
exp lanat ion of these facts is sa id t o be t h a t chromic acid is reduced t o the chromous s ta te 
b y h y d r o g e n d iox ide , a n d a h igher ox ide of hydrogen is produced . 

This hypothes is , said K. A. H o f m a n n and H . Hiendlmaier, is untenable because 
much o x y g e n is evo lved w h e n hydrogen dioxide is mixed wi th chromic acid, and 
chromous salts are rapidly oxidized even b y air, and t h e y decompose water. 

E . H . Riesenfeld pointed o u t t h a t in the observations just indicated it is assumed 
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t l i a t on ly one chemica l i n d i v i d u a l is c o n c e r n e d in t h e r e a c t i o n w h e n e i t h e r t h e 
h y d r o g e n d ioxide or t h e ch romic ac id is i n excess . A c t u a l l y , severa l p r o d u c t s a r e 
p r o b a b l y p r o d u c e d , a n d t h e s e a r e al l p r o n e t o decompos i t i on . H e n c e , t h e t e r m 
perchromic acid app l i ed t o t h e b l u e p r o d u c t does n o t necessar i ly refer t o a c h e m i c a l 
i nd iv idua l . H . Moissan t r i e d t o i so la te t h e b lue c o m p o u n d b y e v a p o r a t i n g t h e 
e t h e r e a l soln. a t —20° ; h e o b t a i n e d a d e e p ind igo-b lue , oily, l i qu id w i t h a c o m ­
pos i t ion c o r r e s p o n d i n g w i t h C r O 3 . H 2 O 2 . E . P e c h a r d a d d e d b a r y t a - w a t e r t o a 
well-cooled soln. of c h r o m i c ac id c o n t a i n i n g a n excess of h y d r o g e n d iox ide a n d 
o b t a i n e d a b r o w n p r e c i p i t a t e a p p r o x i m a t i n g B a C r O 5 , b u t w h i c h O. W i e d e r e g a r d e d 
a s a m i x t u r e of b a r i u m c h r o r n a t e a n d d iox ide . C. H a u s s e r m a n n t r e a t e d a m u s h of 
c h r o m i u m h y d r o x i d e a n d w a t e r w i t h s o d i u m d iox ide a t 10°- 20° , a n d o b t a i n e d 
r e d d i s h - b r o w n , efflorescent c ry s t a l s , N a 6 C r 2 O 1 5 . 2 8 H 2 O . T h e s u b s e q u e n t obser ­
v a t i o n s of O. "Wiede, E . H . Riesenfe ld a n d co-workers , a n d K . A. H o f m a n n a n d 
H . H i e n d l m a i e r h a v e s h o w n t h a t t h e following d e r i v a t i v e s of t h e o x i d a t i o n 
p r o d u c t s of c h r o m i c ac id c a n b e recognized : 

Compounds of the type : R3CrO8, or the red perchromates or t r iperchromates .— 
E . H . Riesenfe ld a n d co-workers d i scovered t h a t t h e s e c o m p o u n d s a r e f o r m e d 
w h e n a n a lka l ine soln. of c h r o m i c ac id is t r e a t e d w i t h 30 p e r cen t , h y d r o g e n d iox ide . 
F o r e x a m p l e , t h e a m m o n i u m sal t , ( N H 4 ) 3 . C r 0 8 , is p r e p a r e d a s follows : 

A mixture of 5O c.c. of 25 por cent , a m m o n i a , 25 c.c. of 50 per cent , chromic acid, and 
75 c.c. of -water is cooled unt i l ice begins t o separate ; 25 c.c. of 3O per cent , h y d r o g e n 
d iox ide is added, drop b y drop, w i t h cons tant shaking a n d keeping t h e t e m p , be low 0° . 
The soln. becomes a t first reddish-yel low, a n d t h e n brownish-black, a n d in one or t w o hours , 
crystals of the a m m o n i u m sal t separate out . These are w a s h e d w i t h 95 per cent , a lcohol 
until t h e runnings s h o w n o coloration due t o chromic acid. T h e salt is dried w i t h e ther , 
or on a porous t i le . T h e s o d i u m a n d p o t a s s i u m sa l t s c a n be obta ined in a n ana logous 
manner . 

T h e p r e p a r a t i o n of a m m o n i u m tr iperchxomate , (NH 4 O-O) 3 CrO 2 , o r ( N H 4 ) 3 C r O s , 
or red ammonium perchrornate, h a s j u s t b e e n desc r ibed . E . H . !Riesenfeld a n d 
co-workers sa id t h a t t h e sa l t fo rms r e d d i s h - b r o w n , d o u b l y re f rac t ing , o c t a h e d r a l 
c ry s t a l s . T h e sa l t decomposes w h e n h e a t e d t o 40° fo rming a m m o n i u m c h r o m a t e ; 
a n d a t 50° i t exp lodes fo rming c h r o m i c ox ide . I t c a n n o t b e k e p t m o r e t h a n 2 d a y s 
a t o r d i n a r y t e m p , w i t h o u t losing o x y g e n . Pe rcuss ion , or c o n t a c t w i t h s u l p h u r i c 
ac id re su l t s in a n explos ion w i t h t h e f o r m a t i o n of c h r o m i c ox ide d u s t . T h e s a l t 
fo rms a r e d d i s h - b r o w n soln. w i t h a l i t t l e cold w a t e r , a n d , in t h e p re sence of a l i t t l e 
a lka l i , i t c a n b e k e p t for a d a y w i t h o u t decompos i t i on ; w h e n t h e soln. is bo i led 
i t fo rms o x y g e n a n d c h r o m a t e , a n d t h i s t h e m o r e qu ick ly , t h e smal le r t h e cone , of 
t h e H O - i o n s . If t h e soln. be acidified, b l u e p e r c h r o m i c ac id is fo rmed , a n d t h i s 
a t once decomposes i n t o o x y g e n a n d a c h r o m i c sa l t , w i t h o u t fo rming a c h r o m a t e . 
T h e s a l t is inso luble i n a lcohol a n d e the r , a n d is n o t a t t a c k e d b y t h e boi l ing l i qu ids . 
Alcohol w i t h m o r e t h a n 50 p e r cen t , of w a t e r decomposes t h e sa l t a t o r d i n a r y t e m p , 
w i t h t h e f o r m a t i o n of c h r o m a t e a n d a l d e h y d e , a n d i n ac idic soln. t h e c h r o m a t e is 
r e d u c e d a t t h e s a m e t i m e t o a c h r o m i c sa l t . C. W . B a l k e s h o w e d t h a t t h e sa l t s 
a r e i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g p e r t a n t a l a t e s . T h e i s o m o r p h i s m b e t w e e n 
t h e p e r t a n t a l a t e s , p e r c o l u m b a t e s a n d p e r c h r o m a t e s w a s d iscussed b y G. B o h m . 
E . H . Riesenfeld a n d co-workers p r e p a r e d s o d i u m tr iperchromate , N a 3 C r O 8 — 
poss ib ly w i t h H 2 O — a s p r e v i o u s l y i n d i c a t e d . T h e redd i sh-ye l low p l a t e s a r e 
d o u b l y ref rac t ing , a n d de l iquescen t . T h e sa l t c a n n o t b e sa t i s fac tor i ly d r i e d ; a n d 
i t is p r e s e r v e d in a n a t m . s a t . w i t h w a t e r - v a p o u r . I t decomposes exp los ive ly a t 
115°. W h e n dr ied , i t loses o x y g e n a n d fo rms a yel low p o w d e r poss ib ly N H 3 H C r O 8 , 
I t is s l igh t ly soluble in cold w a t e r , a n d inso lub le in a lcohol a n d e t h e r . E . H . R i e s e n ­
feld o b t a i n e d in a s imilar m a n n e r p o t a s s i u m tr iperebxomate , K 3 C r O 8 . T h e d a r k 
r e d p r i s m s a re d o u b l y re f rac t ing a n d s l igh t ly p leochro ic . T h e s a l t w a s k e p t for a 
m o n t h w i t h o u t decompos i t i on ; i t does n o t d e c o m p o s e b y pe rcuss ion , a n d a t 170° , 
i t s lowly g ives off o x y g e n a n d fo rms t h e c h r o m a t e . I t d e c o m p o s e s exp los ive ly 
a t 178° , o r i n c o n t a c t w i th cone , s u l p h u r i c ac id . T h e i m p u r e sa l t is exp los ive . 
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T h e s a l t is spa r ing ly so luble in w a t e r , a n d insoluble in a lcohol a n d e t h e r . T h e 
f .p. , a n d t h e e lec t r ica l c o n d u c t i v i t y of t h e a q . soln. show t h a t t h e s a l t is com­
p l e t e l y ionized . 

(2) Compounds of the type : RH2CrO7 or JRCrO5.H2Qz9 or the blue perchromates, 
or d iperchromates .—These c o m p o u n d s w e r e d i scovered b y O. W i e d e . T h e y a r e 
less s t a b l e t h a n t h e r e d p e r c h r o m a t e s a n d a r e fo rmed b y t h e a c t i o n of a n a lcohol ic 
soln . of a n a lka l i on t h e b lue e t h e r e a l soln . of p e r c h r o m i c ac id a t —5° t o —10° . 
K . A . H o f m a n n a n d H . H i e n d l m a i e r o b t a i n e d t h e c o m p o u n d b y t h e a c t i o n of, 
s ay , a soln. of a m m o n i u m c h r o m a t e a n d n i t r a t e on h y d r o g e n d iox ide ; a n d 
E . H . Riesenfe ld a n d co-workers , b y t h e a c t i o n of 30 p e r cen t , h y d r o g e n d iox ide 
on a n ac id ic soln. of a c h r o m a t e — f o r e x a m p l e : 

T h e a inmonrum salt , ( N H 4 ) H 8 C r O 7 , i s formed b y m i x i n g 100 c.c. of -water, 5 c.c. of cone , 
hydrochlor ic ac id , 10 grras. of a m m o n i u m chloride, 10 c.c. of 5 per cent , chromic acid, 
a n d 25 c.c. of 3O per cent , hydrogen d iox ide . If in t h e preparat ion of t h e red per­
chromates , t h e m i x t u r e is t rea ted w i t h hydrochloric , oxal ic or acet ic ac id , before the 
addi t ion of h y d r o g e n d iox ide , t h e blue p e r c h r o m a t e s are formed. 

O. W i e d e , K . A . H o f m a n n a n d I I . H i e n d l m a i e r , a n d E . H . Riesenfe ld a n d co­
w o r k e r s p r e p a r e d a m m o n i u m diperchromate , ( H O - O ) 2 ( N H 4 O ) C r O 2 , or N H 4 H 2 C r O 7 , 
or blue ammonium perchromate, a s j u s t i n d i c a t e d . T h e b lu i sh -b l ack or v io le t c rys t a l s 
a r e p leochro ic b e t w e e n pa l e r e d d i s h - b r o w n a n d d a r k b lu i sh-v io le t . If m o i s t u r e be 
exc luded , t h e sa l t c a n b e k e p t some d a y s w i t h o u t d e c o m p o s i t i o n , b u t i t g r a d u a l l y 
passes i n t o a m m o n i u m d i c h r o m a t e . W h e n r a p i d l y h e a t e d , t h e sa l t b u r n s wi th a 
h iss ing noise fo rming c h r o m i c ox ide a n d n i t r o g e n ox ides . T h e sa l t d issolves in 
ice-cold w a t e r fo rming a v i o l e t - b r o w n soln . w h i c h h a s a n e u t r a l r eac t i on . T h e 
c o n e , a q . soln. r a p i d l y d e c o m p o s e s w i t h t h e e v o l u t i o n of oxygen , a n d t h e fo rma t ion 
of a m m o n i u m d i c h r o m a t e ; a t a h i g h e r t e m p . , t h e r e a c t i o n p roceeds m o r e qu ick ly 
st i l l . DiI . s u l p h u r i c ac id fo rms a b l u e soln . w h i c h qu i ck ly d e c o m p o s e s i n t o o x y g e n 
a n d c h r o m i c s u l p h a t e . If a l a y e r of e t h e r b e p o u r e d ove r t h e solid, or t h e ice-cold 
soln. , a n d t h e l i qu id be acidified w i t h s u l p h u r i c ac id , t h e e t h e r e x t r a c t s t h e b lue 
p e r c h r o m i c ac id . T h e fixed a lka l ies a c t l ike w a t e r ; w i t h a q . a m m o n i a , a gas is 
evo lved a n d , w i t h cold soln. , t h e e n d - p r o d u c t is c h r o m i u m t r i a m m i n o t e t r o x i d e . 
Acco rd ing t o O. W i e d e , t h e d i p e r c h r o m a t e is inso luble in a lcohol , b u t accord ing t o 
E . H . Riesenfe ld a n d co-workers , i t is s o m e w h a t so luble i n t h a t m e n s t r u u m . T h e 
sa l t is inso lub le in e t h e r , l igroin, a n d ch loroform. I^ead a c e t a t e , or b a r i u m chlor ide 
p r o d u c e s a v i o l e t - b r o w n p r e c i p i t a t e w h i c h soon g ives off gas a n d fo rms t h e yel low 
c h r o m a t e ; s i lver n i t r a t e g ives a b rown i sh -v io l e t co lo ra t ion w h i c h i m m e d i a t e l y 
fo rms r e d d i s h - b r o w n si lver c h r o m a t e ; ferric ch lor ide g ives a g rass -green co lora t ion 
w h i c h w h e n h e a t e d , o r a l lowed t o s t a n d , b e c o m e s ye l low w i t h t h e evo lu t i on of gas ; 
w i t h fe r rous s u l p h a t e , g a s is evo lved a n d a ye l low soln. is f o rmed ; coppe r s u l p h a t e 
is w i t h o u t a c t i o n ; a n d p o t a s s i u m p e r m a n g a n a t e fo rms a b lood- red soln. wh ich 
w h e n acidified g ives off o x y g e n , a n d depos i t s a m a n g a n e s e p e r o x i d e . O. W i e d e , 
a n d E . H . Riesenfe ld , p r e p a r e d p o t a s s i u m diperchromate , K H 2 C r O 7 , in a n ana logous 
m a n n e r . T h e sa l t f o rms p leochro ic p r i s m s — r e d , a n d v io le t . T h e d a r k viole t 
p o w d e r d e t o n a t e s a few degrees a b o v e 0° ; t h e c rys t a l s a r e m o r e s t ab le , b u t t h e y 
d e c o m p o s e a t r o o m t e m p . T h e sa l t d issolves in w a t e r , f o rming a b r o w n soln. which , 
w h e n w a r m e d , g ives off o x y g e n a n d fo rms p o t a s s i u m d i c h r o m a t e . I t s r eac t ions 
r e semble t h o s e of t h e a m m o n i u m sa l t . 

(3) Compounds of the type : HCrO6 with an organic nitrogen base, or m o n o p e r -
c h r o m a t e s . — O . W i e d e first p r e p a r e d t he se c o m p o u n d s , w h i c h a r e b lue or violet 
in co lour , a n d ass igned t o t h e m t h e fo rmula R C r O 3 - H 2 O 2 - E . H . Riesenfeld showed 
t h a t t h e y a r e t o b e r e g a r d e d a s c o m p l e x sa l t s of p e r c h r o m i c acid, H C r O 5 , w i t h 
a n o rgan i c b a s e — t e t r a m e t h y l a m m o n i u m , N(CH 3 J 4 CrO 5 , an i l ine , H C r O 5 - C 6 H 5 - N H 2 , 
p y r i d i n e , H C r O 5 - C 6 H 5 N , p ipe r id ine , H C r O 5 - C 5 H 1 1 N , or qu ino l ine , H C r O 6 - C 9 H 7 N . 
O. W i e d e o b t a i n e d t h e m b y t h e a d d i t i o n of t h e base t o t h e b lue e the rea l soln. of 
p e r c h r o m i c a c i d cooled t o 0 ° . E . H . Riesenfe ld o b t a i n e d t h e py r id ine sa l t a s 
follows : 
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A soln. of a gram of chromium tr iox ide in 100 c.c. of water is t rea ted -with 10 g r m s . 
of pyridine, and 25 c.c. of a 3 per cent . so ln . of h y d r o g e n dioxide a t room t e m p . W h e n t h e 
mixture is a l lowed t o s tand for a short t i m e , "blue crystals of HCrO 6 -C 6 H 5 N separate o u t . 

O. Wiede prepared tetramethylaxamonium monoperchromate, (CHs)4NCrO6, 
in violet , p r i s m a t i c c ry s t a l s , w h i c h f o r m a b r o w n soln. w i t h w a t e r . I t c a n b e k e p t 
in t h e cold for some d a y s . A s p r e v i o u s l y i nd i ca t ed , c o m p l e x sa l t s we re a lso p r e p a r e d 
w i t h ani l ine , p y r i d i n e , p i p e r i d i n e , a n d qu ino l ine . T h e p y r i d i n e sa l t o b t a i n e d b y 
O. W i e d e , K . A . H o f m a n n a n d H . H i e n d l m a i e r , a n d E . H . Riesenfe ld a n d co -worke r s 
fu rn i shed b lue , r h o m b i c p l a t e s , w h i c h were d o u b l y re f rac t ing , a n d p leochro ic . 
T h e s a l t is fa i r ly s t a b l e w h e n d r y , b u t in mo i s t air , i t s lowly decomposes fo rming 
c h r o m i c ac id . I t d e t o n a t e s w i t h a smal l r ise of t e m p . , or b y c o n t a c t w i t h s u l p h u r i c 
ac id . I t s gene ra l r e a c t i o n s a r e l ike t h o s e of t h e o t h e r p e r c h r o m a t e s . 

(4) Compounds of the type : Cr04.3NH3, or complex c h r o m i u m te trox ides .— 
T h e s e c o m p o u n d s were also d i scovered b y O. W i e d e , w h o also f o u n d t h a t t h e 3 mo l s . 
of a m m o n i a c a n b e r ep l aced b y 3 mols of p o t a s s i u m c y a n i d e i n d i c a t i n g t h a t t h e c o m ­
p o u n d is c h r o m i u m t r i a m m i n o t e t r ox ide . E . H . Riesenfe ld also p r e p a r e d 
2 C r 0 4 . 5 K C y . 5 H 2 0 , or K 5 [ ( C r 0 4 ) 2 ( C y ) 5 ] . 5 H 2 0 ; a n d K . A . H o f m a n n a n d H . H i e n d l ­
ma ie r , a c o m p o u n d wi th e t h y l e n e d i amine , C rO 4 -C 2 H 4 N 2 -SH 2 O, a n d one w i t h 
h e x a m e t h y l e n e t r i a m i n e , CrO 4 -C 6 H 1 2 N 4 . O. W i e d e p r e p a r e d t h e t r i a m m i n o t e t r o x i d e 
b y s h a k i n g 1OO c.c. of 10 p e r cen t , h y d r o g e n d iox ide w i t h a soln. of 10 g r m s . of 
c h r o m i u m t r i ox ide in 500 c.c. of w a t e r w i t h 500 g r m s . of e t h e r free f rom a lcohol ; 
a n d t h e n a d d i n g 50 c.c. of cold, cone , a m m o n i a . T h e p r e c i p i t a t e w h i c h fo rms 
c a n b e recrys ta l l i zed from a q . a m m o n i a . K . A. H o f m a n n a n d H . H i e n d l m a i e r 
o b t a i n e d i t b y t h e ac t ion of h y d r o g e n d iox ide on a n a m m o n i a c a l soln . of a m m o n i u m 
d i ch ro rna t e ; A. W e s c h o b t a i n e d t h e s a m e p r o d u c t b y t r e a t i n g a m m o n i u m c h r o m a t e 
in a s imi lar w a y ; a n d A. W e r n e r a d d e d h y d r o g e n d iox ide t o a co ld m i x t u r e of a 
so ln . of c h r o m i c ac id a n d p y r i d i n e ; d iges ted t h e p r e c i p i t a t e i n 25 p e r c e n t . a q . 
a m m o n i a w h e r e b y t h e t r i a m m i n e w a s fo rmed . E . H . R iesenfe ld f o u n d t h a t if 
r e d a m m o n i u m p e r c h r o m a t e is t r e a t e d w i t h 10 p e r c e n t . a q . a m m o n i a a t 40° , t h e 
soln . furn ishes ac icu lar c ry s t a l s a n d r h o m b i c p l a t e s . These c r y s t a l s a r e s i m p l y 
different h a b i t s of t h e s a m e chemica l i n d i v i d u a l , a n d d o n o t r e p r e s e n t t w o i somer ic 
fo rms a s s u m e d t o ex is t b y K . A . H o f m a n n a n d H . H i e n d l m a i e r . E . H . Riesenfe ld 
r e c o m m e n d e d t h e following m o d e of p r e p a r a t i o n : 

A d d drop b y drop 5 c.c. of 30 per cent , hydrogen dioxide t o a m i x t u r e of 25 c.c. of 
IO per cent . aq. a m m o n i a and 5 c.c. of 5O per cent , chromic ac id a t 0° . W h e n t h e l iquid has 
been cooled b y a freezing mix ture for an hour, it is heated t o 50° unt i l t h e rapid evo lu t ion of 
gas has ceased, a n d the salt has nearly all dissolved. T h e filtered so ln . i s cooled t o 0° , 
w h e n b r o w n needles of chromium tr iamminotetrox ide separate out . 

O. W i e d e , K . A. H o f m a n n a n d H . H i e n d l m a i e r , E . H . Riesenfe ld a n d co -worke r s , 
A . W e r n e r , a n d A. W e s c h p r e p a r e d c h r o m i u m tr iamminote trox ide , C r O 4 . 3 N H 3 , a s 
p r e v i o u s l y i n d i c a t e d . T h e sa l t a p p e a r s in b r o w n , d o u b l y r e f rac t ing p r i s m s ; w h e n 
r a p i d l y cooled, t h e h o t soln. furn ishes r e c t a n g u l a r p l a t e s . O. W i e d e r e p o r t e d t h e 
a x i a l r a t i o s of t h e r h o m b i c , p y r a m i d a l c rys t a l s t o b e a : b : c —1-0076 : 1 : 1-308. 
K . A . H o f m a n n a n d H . H i e n d l m a i e r sa id t h a t t h e r e a r e <x- a n d /?-forms r e spec t i ve ly 
w i t h p r i s m a t i c a n d t a b u l a r c ry s t a l s ; b u t E . H . Riesenfe ld a n d co -worke r s s h o w e d 
t h a t b o t h fo rms h a v e a s p . gr . 1-964 a t 15°, a n d h a v e iden t i ca l p h y s i c a l p r o p e r t i e s ; 
a n d c o n c l u d e d t h a t t h e y a r e r ea l ly t h e s a m e chemica l i n d i v i d u a l . W h e n h e a t e d 
t h e t r i a m m i n o t e t r o x i d e d e t o n a t e s a n d b e c o m e s i n c a n d e s c e n t fo rming c h r o m i c 
o x i d e . Y . S h i b a t a m e a s u r e d t h e a b s o r p t i o n s p e c t r u m . S t r o n g ac ids l i b e r a t e 
o x y g e n a n d fo rm c h r o m i c sa l t s ; w e a k ac ids—e .g . ace t ic a c i d — d o n o t c h a n g e t h e 
c r y s t a l s . E . H . Riesenfe ld a n d co -worke r s a d d e d t h a t t h e a m o u n t of o x y g e n 
d e v e l o p e d d e p e n d s o n t h e cone , of t h e ac id . T h u s , w i t h dil.- ac ids , m o s t of t h e 
o x y g e n is s e t free a s a gas , a n d w i t h cone , ac ids , fully half t h e o x y g e n r e m a i n s i n 
so ln . a s h y d r o g e n d iox ide . If t h e c o m p l e x sa l t b e d i s so lved i n a q . a m m o n i a , a n d 
t h e n acidified, a t r a n s i e n t b l u e c o l o r a t i o n a p p e a r s , o x y g e n is evo lved , a n d a g r e e n 
c h r o m i c sa l t soln . is f o r m e d . W h e n t h e c o m p l e x s a l t is t r e a t e d w i t h .fixed a lka l ies , 
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o x y g e n a n d a m m o n i a a r e evo lved , a n d c h r o m a t e is fo rmed . T h e t r i a m m i n o t e t r o x i d e 
dissolves in a q . a m m o n i a f o r m i n g a b r o w n soln. , a n d l ikewise a lso in w a t e r , b u t 
w i t h p a r t i a l decompos i t i on . T h e c o m p o u n d is insoluble in all o t h e r so lven t s 
t r i ed . W h e n 0-1 g r m . is cove red w i t h alcohol-free e the r , a n d a few d r o p s of dil . 
s u l p h u r i c ac id a r e a d d e d , a n d t h e m i x t u r e shaken , o x y g e n is evo lved a n d t h e 
e t h e r a c q u i r e s a b lue colour . W h e n t r e a t e d w i t h p o t a s s i u m cyan ide , t h e t r i a m m i n o ­
t e t r o x i d e fo rms C r O 4 . 3 K C y ; w i t h e t h y l e n e d i a m i n e , C r O 4 . C 2 H 8 N 2 . 2 H 2 O ; a n d 
w i t h h e x a m e t h y l e n e t e t r a m i n e , C r O 4 . C 6 H 1 2 N 4 . 

T h e four t y p e s of c o m p o u n d s a r e closely r e l a t ed chemica l ly ; a n d t h e y c a n be 
t r a n s f o r m e d one i n t o t h e o the r . T h u s , if a n aq . soln. of ( N H 4 J 3 C r O 8 is t r e a t e d w i t h 
a n ac id , o x y g e n is evo lved , a n d ( N H 4 ) H 2 C r O 7 is f o rmed as a b lue soln. a n d prec ip i ­
t a t e . If a n excess of p y r i d i n e b e a d d e d t o e i t he r of these sa l t s , H C r O 5 - C 5 H 5 N is 
f o r m e d ; a n d w h e n a n y of t h e s e t h r e e sa l t s is t r e a t e d w i t h a n excess of a m m o n i a , 
t h e m o s t s t a b l e of all t h e p e r c h r o m a t e s is p r o d u c e d , n a m e l y t h e t r i a m m i n o t e t r o x i d e , 
C r O 4 . 3 N H 3 . These c h a n g e s c a n b e all r e g a r d e d a s a r e su l t of t h e a d d i t i o n or 
a b s t r a c t i o n of h y d r o g e n d iox ide . T h e f o r m a t i o n of t h e s e c o m p o u n d s b y t h e 
a c t i o n of h y d r o g e n d iox ide on a n a q . or e t h e r e a l soln . of c h r o m i c ac id is t a k e n b y 
E . H . Riesenfe ld t o m e a n t h a t t h e b l u e soln. does n o t c o n t a i n one chemica l 
i n d i v i d u a l — t h e H C r O 5 of O. W i e d e — b u t r a t h e r m u s t i t be s u p p o s e d t h a t der 
Grundstqff is C r O 4 a s soc i a t ed w i t h h y d r o g e n d iox ide t o fo rm 2CrO 4 .nHoO*, whe re 
n is 1, 3 , or 5 . T h u s , 2 C r O 4 + H 2 O 2 = 2 H C r O 5 ; 2 C r O 4 + 3 H 2 O 2 = 2 H 3 C r O 7 ; a n d 
2 C r 0 4 + 5 H 2 0 2 = 2 H 2 0 + 2 H 3 C r 0 8 . 

O t h e r t y p e s h a v e b e e n r e p o r t e d . K . A . H o f m a n n and. H . H i e n d l m a i e r t h o u g h t t h a t 
t h e p r o d u c t o b t a i n e d b y t h e a c t i o n of a m m o n i u m c h r o m a t e o n h y d r o g e n d iox ide i n t h e 
p r e s e n c e of a m m o n i a h a d t h e c o m p o s i t i o n ( N H 4 J 2 C r O 6 o r C r O a ( O . O N H 4 ) 2 , a n d t h a t w h e n 
t r e a t e d w i t h a c e t i c ac id i t f u r n i s h e d b l u e ( N H 4 ) H C r O 6 o r C r O 2 ( O - O N H 4 ) ( O - O H ) ; b u t 
E . H . Hiesenfe ld a n d c o - w o r k e r s s h o w e d t h a t o w i n g t o de fec t ive a n a l y t i c a l m e t h o d s t h e 
c o m p o u n d w i t h t h e a s s i g n e d f o r m u l a ( N H 4 ) 2 C r O a is i d e n t i c a l w i t h r e d P t n CrO 8 ; a n d t h a t 
( N H 4 ) H C r O 6 i s i d e n t i c a l w i t h O . W i e d e ' s b l u e ( N H 4 ) H 2 C r O 7 . H . O . B y e r s a n d E . E . K e i d 
sa id t h a t w h e n t h e e t h e r e a l so ln . of t h e b l u e p e r c h r o m a t e is t r e a t e d w i t h p o t a s s i u m a t 
— 20° , h y d r o g e n is e v o l v e d a n d t h e p u r p l i s h - b l a c k p r e c i p i t a t e p r o d u c e d h a s t h e com­
p o s i t i o n potassium perdichromate, K C r O 4 o r K 2 C r 2 O g . I t is u n s t a b l e , a n d r a p i d l y d e c o m ­
p o s e s w i t h e v o l u t i o n of o x y g e n a n d t h e f o r m a t i o n of p o t a s s i u m d i c h r o m a t e . B y t h e 
a d d i t i o n of a n a lcohol ic so ln . of p o t a s s i u m c y a n i d e t o t h e b l u e so ln . , O . W i e d o o b t a i n e d a 
s im i l a r c o m p o u n d t o w h i c h h e a s c r i b e d t h e f o r m u l a K C r O 6 - H 2 O 2 . W h e n t h e b lue so ln . 
is p r e p a r e d w i t h o u t e m p l o y i n g a n excess of h y d r o g e n d i o x i d e , t h e c o m p o u n d o b t a i n e d on 
t h e a d d i t i o n of p o t a s s i u m c y a n i d e h a s t h e s a m e c o m p o s i t i o n a s t h a t p r o d u c e d b y t h e 
a c t i o n of p o t a s s i u m . T h e c o r r e s p o n d i n g sodium, ammtnvium, lithiitrrt^ ^nar/nesitim, calciuiri, 
barium,, and zinc perdichromcUes w e r e p r e p a r e d . I t is in fe r red , t he r e fo r e , t h a t t h e b l u e 
e t h e r e a l so ln . c o n t a i n s perdichromlc acid, H 2 C r 2 O 8 . "When t h e so ln . is p r e p a r e d in p r e sence 
of a n excess of h y d r o g e n d i o x i d e , i t is p r o b a b l e t h a t a m o r e h i g h l y ox id ized c o m p o u n d is 
a l so p r o d u c e d . T h e s e conc lu s ions h a v e n o t b e e n conf i rmed . 

J . A. R a y n o l d s a n d J . H . R e e d y o b t a i n e d a soln. of r ed p e r c h r o m i c ac id by t h e 
a c t i o n of 30 p e r cen t , h y d r o g e n d iox ide on f r e sh ly -p rec ip i t a t ed c h r o m i c h y d r o x i d e 
a t 0° ; a n d c a l c i u m p e r c h r o m a t e , C a 3 ( C r 0 6 ) 2 . 1 2 H 2 0 , b y a d d i n g 3O pe r cen t , 
h y d r o g e n d iox ide t o a s a t . soln . of ca l c ium c h r o m a t e a t —5° t o 0° , o r b y m i x i n g 
soln. of c a l c ium a c e t a t e a n d r e d p e r c h r o m i c ac id . T h e d r y sa l t is a buff p o w d e r 
which exp lodes a t 100°, a n d w h e n t r e a t e d w i t h ac id , i t furn ishes b lue p e r c h r o m i c 
ac id . 

T h e cons t i tu t ion of the perchromic acids h a s b e e n i n v e s t i g a t e d b y E . H . Riesen-
feld a n d co -worke r s . Cryoscopic m e a s u r e m e n t s of t h e R3CrO8-SaItS a re in agree 
m e n t w i t h t h e s imple fo rmula , b u t , owing t o d e v i a t i o n s t h r o u g h decompos i t ion , 
a n d ion iza t ion , t h e r e s u l t s a r e e q u a l l y in a g r e e m e n t w i t h t h e d o u b l e d formula . 
I n b e n z e n e soln. , t h e H C r 0 6 - c o m p o u n d s also h a v e a mo l . w t . in a g r e e m e n t w i t h 
t h e s imple fo rmula ; a n d a s imi la r r e m a r k app l ies t o t h e C r 0 4 . 3 N H 3 - c o m p o u n d s 
i n a q . so ln . M e a s u r e m e n t s of the- e l ec t rochemica l eq . of c h r o m i u m in these soln. 
w e r e u n s a t i s f a c t o r y . I t c a n b e a s s u m e d t h a t t h e p e r c h r o m a t e s c o n t a i n peroxid ic 
o x y g e n or t h e b i v a l e n t 0 2 - g r o u p , because , a l t h o u g h h y d r o g e n d iox ide c a n n o t b e 
d e t e c t e d a m o n g t h e d e c o m p o s i t i o n - p r o d u c t s , a n a lka l ine soln. of gold chlor ide , or 
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potass ium permanganate is reduced during the change. These reactions are 
characteristic of hydrogen dioxide. 

I t has not been proved whether the chromium in the perchromates is sex iva lent 
or of a higher valency. The chromium in the tetroxide m a y be sexivalent wi th 
a bivalent (—O—O—)-group-—e.g. : 

o^ C r < r o 
Q^>Or<C0 

The tr iamminotetroxide can be formulated with the peroxidic o x y g e n occupying 
one posit ion in the co-ordinate group : 

TH8N O T 
H 3 N Cr|=0 

This explains how (i) the compound decomposes into hydrogen dioxide, etc . , w h e n 
treated with acids ; (ii) the treatment wi th an aq. soln. of potass ium cyanide 
furnishes CrO4-SKCy ; (iii) the formation of complex chromium ammines observed 
b y B . H . Riesenfeld ; and (iv) the treatment wi th hydrochloric acid in acetic acid 
soln. furnishes chromic dichloroaquotriamminochloride 

rci H a o -I 
LciCr(NHa)JC1 

I t is not so easy t o deal with the other perchromates . Exc luding H . G. Hyers 
and E . E . Reid's perdichromates, the perchromate analogue of permonosulphuric 
acid, H 2 S O 5 , and perdisulphuric acid, H 2 S 2 O 8 , have no t been prepared, and 
consequent ly the arguments val id wi th the persulphates cannot, b y analogy, be 
applied to the perchromates. If the formulae be doubled, the red and blue per­
chromates can be regarded as derivat ives of sexivalent chromium : where (H3CrO8)** 
becomes ( H C O ) 3 : CrO.O.O.CrO(O.OH)3 , and (HCrO6) becomes H O . O . C r 0 2 . 
O.O.Cr0 2 .O.OH. 

There is no serious object ion to this mode of representing the composi t ion of 
H 3 CrO 8 perchromate, but mol . wt . determinations in the case of the HCr0 5 -per -
chromate are against the doubled formula. Consequently the chromium probably 
has a va lency higher than six. If nonivalent , HCrO 6 becomes ( 0 = )4Cr.O.OH ; 
H 3 CrO 7 becomes ( 0 = ) 3 C r ( O H ) 2 . O . O H ; and H 3 CrO 8 becomes ( 0 ^ ) 3 C r ( O H ) 
= (O.OH) 2 ; and if septivalent , 

° : > n ^ / O O H o \ O.OH 
O ^ . \Cr -O.OH J ^ C r ( — O . O H o ^ C r \ — O . O H 

~0 ^X \ OH **' \ O.OH 
Moiioperchromic acid, HCrO 5 . !Diperchromic ac id , H 3 CrO 7 . Tr iperchromie acid, H 8 CrO 8 . 

The dist inction between sept ivalent and nonivalent chromium turns on the number 
of peroxidic or —O.OH radicles. I t is n o t possible to determine the number of 
peroxidic groups in acidic or alkaline soln. of the perchromate b y means of potass ium 
permanganate , because t h e y decompose so rapidly. The red perchromates do n o t 
react wi th permanganate in strongly acid soln. , but in alkaline soln. the a m o u n t 
of permanganate reduced increases w i t h the alkalinity of the soln. t o a m a x i m u m 
of 5*5 eq. Some peroxidic o x y g e n probably escapes wi thout act ing on the per­
manganate so t h a t i t is assumed t h a t a mol . of the salt g ives rise to 3 mols . of 
hydrogen dioxide. The escape of o x y g e n wi thout reducing the permanganate is 
shown b y the fact t h a t no appreciable reduction occurs when the red perchromates 
are decomposed b y strongly acidic soln. of permanganate , a l though o x y g e n is 
evplved ; and b y the fact t h a t the blue perchromates are similarly decomposed in 
acidic or alkaline soln. of permanganate b u t only a trace of reduct ion occurs. This 
m e a n s t h a t there are three peroxidic groups in H 3 CrO 8 ; and this favours the 
hypothes is t h a t in the blue perchromates the chromium is sept ivalent . This m a k e s 
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t h e H 3 C r O s - a c i d , tr iperchromic acid, (HCXO)3CrO2 ; t h e H 3 C r 0 7 - a c i d , d iperchromic 
a d d , ( H C O ) 2 ( H O ) C r O 2 ; a n d t h e H C r 0 6 - a c i d , m o n o p e r c h r o m i c acid, (HO-O)CrO 3 . 
A . R . y Miro f o u n d t h a t t r i p e r c h r o m i c acid , H 3 C r O 8 , i n s t e a d of c o n s u m i n g 5 m o l s 
of o x y g e n p e r m o l of d i c h r o m a t e in t h e r eac t ion 2 C r 0 8 " - h l 2 H * = 2 C r " - f - 6 H 2 0 - { - 5 0 2 
a c t u a l l y furnishes 4-6 t o 6-5. T h i s is e x p l a i n e d b y a s s u m i n g t h e f o r m a t i o n of a n 
ac id ana logous t o H C r O 6 . S e p t i v a l e n t c h r o m i u m is n o t in h a r m o n y w i t h t h e 
pos i t ion of c h r o m i u m in t h e per iod ic t a b l e ; a n d i t m a k e s c h r o m i u m a n e x c e p t i o n 
t o t h e o t h e r e l e m e n t s fo rming pe r -ac ids . If HO.O.Cr ( — O ) 3 be t h e h y d r o g e n 
d iox ide d e r i v a t i v e of a c h r o m i c ac id , H O . C r ( = 0 ) 3 , t h e ac id is ana logous w i t h per ­
m a n g a n i c ac id , H O . M n ( = 0 ) 3 . Th i s a n a l o g y is s u p p o r t e d b y t h e i s o m o r p h i s m 
b e t w e e n t h e c h r o m a t e s a n d m a n g a n a t e s ; a n d b e t w e e n t h e c h r o m i u m a n d 
m a n g a n e s e a l u m s . 
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§ 20. Chromium Fluorides 
C. Poulenc x prepared chromium difluoride, or chromous fluoride, CrF2 , by 

t h e a c t i o n of h y d r o g e n f luoride o n r e d - h o t c h r o m i u m ; a n d b y t h e ac t ion of 
h y d r o g e n f luoride o n c h r o m o u s ch lor ide a t o r d i n a r y t e m p . A. M o u r l o t o b t a i n e d 
i t b y t h e a c t i o n of h y d r o g e n f luoride on c h r o m o u s s u l p h i d e . G. H e r r m a n n did 
n o t o b t a i n good y ie lds in t h e e lec t ro ly t i c r e d u c t i o n of c h r o m i c fluoride soln. 
K . J e l l i nek a n d A. R u d a t found t h a t t h e dif luoride is p r o d u c e d b y h e a t i n g t h e 
t r i f luor ide in h y d r o g e n : 2 C r F 3 H - H 2 ^ 2 C r F 2 + 2 H F . Accord ing t o C. Pou lenc , 
c h r o m o u s fluoride fo rms a g r e y m a s s "which cons is t s of monocl in ic c rys t a l s of sp . gr . 
4 -11 . T h e s a l t is r e d u c e d b y h y d r o g e n a t a r e d - h e a t . K . J e l l i nek a n d A. R u d a t 
f o u n d t h a t in t h e r e a c t i o n C r F 2 + H 2 ^ C r + 2 H F , a t t h e a b s o l u t e t e m p . 873°, 973°, 
a n d 1073°, t h e v a l u e s of log ( ^ H F / ^ H ) a r e r e spec t ive ly —3-70, — 3 0 2 , a n d 
—2-56 ; t h o s e of log ( ^ H P / ^ H ^ F 8 ) , 33-12, 2 29-83, a n d 27-15 ; a n d log pi?2, —36-82, 
—32-85, a n d —29-50, w h e r e y F a is t h e v a p . p ress , of t h e dif luoride. T h e h e a t of 
f o r m a t i o n is 152 CaIs. C. P o u l e n c o b s e r v e d t h a t t h e dif luoride is t r a n s f o r m e d i n t o 
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c h r o m i c ox ide w h e n h e a t e d in a i r . I t is spa r ing ly soluble in w a t e r . Boi l ing 
hyd roch lo r i c ac id dissolves t h e sa l t ; a n d a t a r e d - h e a t , h y d r o g e n su lph ide fo rms 
c h r o m o u s su lph ide . T h e sa l t is b u t s l igh t ly a t t a c k e d b y h o t su lphu r i c ac id , or di l . 
n i t r i c ac id ; i t is insoluble in a lcohol ; a n d fo rms c h r o m i c oxide a n d finally c h r o m a t e 
w h e n fused w i t h a lka l i c a r b o n a t e s . 

W . T r a u b e a n d co-workers p r e p a r e d tt-TnTrmrmira chromQUS fluoride, 
N H 4 C r F 3 . 2 H 2 O , f rom soln . of c h r o m o u s a c e t a t e a n d a m m o n i u m hydrof luor ide 
dissolved in v e r y l i t t l e w a t e r . T h e soln . g r a d u a l l y depos i t s a pa le b lue p o w d e r 
which is fair ly s t a b l e in d r y air , a n d fo rms a pa l e b lue soln. "with w a t e r . DiI . n i t r i c 
ac id oxidizes i t w i t h t h e e v o l u t i o n of n i t r o g e n oxides . T h e y also p r e p a r e d 
potass ium c h r o m o u s fluoride, K C r F 3 , in a n a n a l o g o u s m a n n e r . 

If d r y ch romic oxide , n o t p r e v i o u s l y ca lc ined, be t r e a t e d w i t h a n excess of 
hydrof luor ic acid, a n d t h e soln . e v a p o r a t e d t o d r y n e s s a n d s t r o n g l y h e a t e d , 
chromium trifluoride, or chromic fluoride, CrF3 , is formed. H . St. C. Deville 
o b t a i n e d i t b y pass ing h y d r o g e n fluoride over a m i x t u r e of f luorspar a n d c h r o m i c 
ox ide h e a t e d t o r edness in a c a r b o n t u b e ; a n d C. P o u l e n c said t h a t b y h e a t i n g 
a n h y d r o u s chromic chlor ide , h y d r a t e d ch romic fluoride or a m o r p h o u s c h r o m i c 
f luoride, t o 1200° in a c u r r e n t of h y d r o g e n fluoride, w h e n c rys t a l s of a n h y d r o u s 
c h r o m i c fluoride a re formed. T h e d a r k green , needle- l ike c rys t a l s were found b y 
C. P o u l e n c t o h a v e a sp . gr . of 3-78, a n d t o m e l t ove r 1000°. H . S t . C. Devi l le said 
t h a t t h e sa l t m e l t s a t a h i g h t e m p . , a n d vola t i l izes on ly a l i t t l e a t t h e m . p . of s teel ; 
i t sub l imes a t t h e h ighes t t e m p , of t h e gas -b lowpipe , fo rming r egu l a r o c t a h e d r a . 
C. P o u l e n c found t h a t t h e sa l t sub l imes a t 1100°—1200°. A. S p e r a n s k y f o u n d t h a t 
t h e lower ing of t h e f .p. in cone . a q . soln. co r r e sponds w i t h t h e ex i s t ence of 
b o t h s imple molecules , C r F 3 , a n d d o u b l e d molecules , C r 2 F 6 . E . P e t e r s e n g a v e for 
t h e h e a t of f o r m a t i o n in aq . soln. , C r 2 0 3 + 6 H F t t C J . = 2 C r F 3 a ( 1 . + 3 H 2 O + 5 0 - 3 CaIs. 
H . v o n W a r t e n b e r g gave (Cr, |F2 a q L .)==171-3 CaIs. for t h e a n h y d r o u s t r i f luor ide . 
G. M a g n a n i n i s t u d i e d t h e a b s o r p t i o n s p e c t r u m ; a n d A. S p e r a n s k y f o u n d t h a t t h e 
e lect r ical c o n d u c t i v i t y of aq . soln. shows t h a t on ly a smal l p r o p o r t i o n of t h e sa l t is 
ionized . T h e soln. of t h e v io le t modif ica t ion c o n d u c t s e lec t r ic i ty t h r e e t i m e s b e t t e r 
t h a n t h a t of t h e green . G. Gore e lec t ro lyzed a cone . soln. of c h r o m i c f luoride acidified 
w i t h hydrof luor ic a n d hydroch lo r i c ac ids , a n d found t h a t t h e l iqu id b e c a m e h o t ; n o 
gas w a s l ibe ra ted a t t h e c a t h o d e , b u t ch lor ine a n d ozone were l i b e r a t e d a t t h e 
p l a t i n u m a n o d e which was n o t co r roded . C. P o u l e n c s h o w e d t h a t t h e sa l t is r e d u c e d 
b y h y d r o g e n a t dul l r edness . T h e h e a t of f o r m a t i o n is 230-95 CaIs. pe r mol—v ide 
infra, t h e d ich lor ide . S t e a m t r a n s f o r m s c h r o m i c fluoride i n t o c h r o m i c ox ide . 
C h r o m i c fluoride is inso luble in w a t e r , a n d a lcohol ; h y d r o g e n ch lo r ide t r a n s f o r m s 
i t i n t o c h r o m i c chlor ide ; h o t hydroch lo r i c , su lphu r i c , a n d n i t r i c ac ids a t t a c k 
c h r o m i c fluoride only a l i t t le ; h y d r o g e n su lph ide c o n v e r t s i t i n t o b l a c k su lph ide ; 
a n d m o l t e n a lka l i n i t r a t e or c a r b o n a t e c o n v e r t s i t i n t o c h r o m a t e . A. Cos t achescu 
p r e p a r e d complex py r id ine sa l t s . 

Acco rd ing t o J . J . Berze l ius , b r o w n c h r o m i c c h r o m a t e fo rms a rose -co loured 
soln. w h e n t r e a t e d w i t h hydrof luor ic ac id ; a n d t h e soln. d r ies t o a rose -co loured 
s a l t w h i c h dissolves in w a t e r a n d g ives a b r o w n p r e c i p i t a t e "with a m m o n i a . 
E . P e t e r s e n obse rved t h a t if c h r o m i u m , or h y d r a t e d c h r o m i c ox ide b e d i sso lved 
in hydrof luor ic acid, a n d t h e soln. e v a p o r a t e d , t h e r e r e m a i n s a g reen , c rys t a l l i ne 
m a s s , so luble in w a t e r . G. H e r r m a n n s t u d i e d t h e e lec t ro ly t i c r e d u c t i o n of soln. 
of c h r o m i c fluoride. A. W e r n e r a n d W . Cos tachescu o b t a i n e d t h e inso lub le g r e e n 
trihydrate, C r F 3 . 3 H 2 0 , or [Cr (H 2 O) 6 ]CrF 6 , b y h e a t i n g t h e h e x a h y d r a t e w i t h w a t e r 
o n a w a t e r - b a t h . T h a t p a r t wh ich b e c o m e s inso luble is t h e t r i h y d r a t e . I t is a lso 
f o r m e d b y h e a t i n g t h e h e m i h e p t a h y d r a t e t o 105°. C. P o u l e n c o b t a i n e d t h e 
hetniheptahydrate, C r F 3 . 3 | H 2 O , b y p o u r i n g a n a q . soln. of t h e fluoride i n t o h o t 
a lcohol . T h e sa l t is a g reen c rys ta l l ine p o w d e r wh ich c a n be o b t a i n e d in sma l l 
p r i s m s b y a l lowing t h e soln. t o diffuse s lowly i n t o one a n o t h e r . I t is so luble in 
w a t e r . A . W e r n e r a n d W . Cos tachescu o b t a i n e d a n o t h e r fo rm of t h e h e m i h e p t a -
hydfcate b y d o u b l e decompos i t i on b e t w e e n t h e h e x a h y d r a t e d ch lo r ide a n d 
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a m m o n i u m c h r o m i u m hexaf luor ide . T h e pa l e green , c rys ta l l ine p o w d e r loses a 
mo l . of w a t e r a t 105°. Th i s sa l t is r e p r e s e n t e d b y t h e fo rmula [ C r ( H 2 O ) 6 ] C r F 3 J - H 2 O , 
a n d i t is cons ide red t o b e i somer ic w i t h t h e t e t r a h y d r a t e , w h i c h is r e g a r d e d a s t h e 
m o n o h y d r a t e d c h r o m i c triaquotrifluoride, [ F 3 = ^ r = E = ( H 2 O ) 3 ] H 2 O , whose a q . soln . 
h a s a n ac id r eac t i on , a n d does n o t g ive t h e r eac t ions of fluorides. T h e e lec t r ica l 
conduc t i v i t i e s of a m o l of t h e sa l t i n 100, 500, a n d 1000 l i t res of w a t e r a r e , r e spec ­
t ive ly , 22, 26-6, a n d 31-0. A. Loesche ' s ana lys i s co r r e sponds w i t h C r 3 F 8 - I l H 2 O 4 , or 
C r F 2 . C r 2 F 6 . 1 1 H 2 O . A. H i e n d l m a y r p r e p a r e d c h r o m i c aquopentamminotr i f iuoride , 
[ C r ( N H 3 J 6 ( H 2 O ) ] F 3 , b y t h e ac t i on of hydrof luor ic ac id on t h e co r r e spond ing 
h y d r o x i d e . If t h e ye l low c o m p o u n d b e a l lowed t o s t a n d in c o n t a c t w i t h i t s m o t h e r -
l iquor , i t furnishes c h r o m i c fluopentamminodifluoride, [ C r ( N H 3 ) 5 F ] F 2 , as a flesh-
co loured p r e c i p i t a t e w h i c h dr ies t o a c a r m i n e - r e d p o w d e r . R . K o p p o b t a i n e d 
w h a t h e r e g a r d e d a s a tetrahydrate, f rom a soln . of h y d r a t e d ch romic oxide in 
hydrof luor ic ac id , a n d h e r e c o m m e n d e d i t for u se as a m o r d a n t . I t w a s p r o b a b l y 
imper fec t ly d r i e d h e m i h e p t a h y d r a t e . A . W e r n e r a n d W . Cos tachescu t r e a t e d a 
soln. of 2O g r m s . of v io l e t c h r o m i c n i t r a t e in t h e sma l l e s t poss ib le q u a n t i t y of 
w a t e r , w i t h a cone . soln. of 8*69 g r m s . of p o t a s s i u m fluoride, a n d 'washed t h e 
c rys ta l l ine m a s s of v io le t hexahydrate, C r F 3 . 6 H 2 O , or c h r o m i c hexaquof luoride , 
[ C r ( H 2 O ) 6 ] F 3 . T h e sa l t w a s d r i ed first b y press , b e t w e e n b i b u l o u s p a p e r , a n d 
a f t e r w a r d s in a des icca to r for 3—4 d a y s ove r cone , s u l p h u r i c ac id . T h e sa l t loses 
3 m o l s . of w a t e r a t 60°—70° in 8 h r s . , a n d m o r e a t a h ighe r t e m p . , a n d i t t h e n decom­
poses . T h e s a l t i s spa r ing ly so luble in w a t e r , a n d is h y d r o l y z e d in a q . soln. T h e 
e lec t r ica l c o n d u c t i v i t y , /JL m h o s , of a m o l of t h e sa l t in v l i t r e s a t 18°, is /z = 152-l 
for v = 1 0 0 ; / x = 1 9 6 - 5 for v = 5 0 0 ; a n d / / , = 2 2 3 for v = 1 0 0 0 — a b o u t half t h a t of 
t h e v io le t ch lor ide . T h e c o n d u c t i v i t y does n o t c h a n g e w i t h t i m e . W h e n t r e a t e d 
w i t h s u l p h u r i c ac id , i t fo rms c h r o m i c h e x a q u o s u l p h a t e . W h e n t h e m o i s t c rys t a l s 
a r e k e p t , t h e y p a s s i n t o t h e enneahydrate, C r F 3 . 9 H 2 O , or [ C r ( H 2 0 ) 6 ] F 3 . 3 H 2 0 . 
T h e conve r s ion occurs s p o n t a n e o u s l y w h e n t h e c r y s t a l s a r e w a s h e d , or p ressed 
s l igh t ly w i t h a s p a t u l a . G. F a b r i s p r e p a r e d t h e e n n e a h y d r a t e , b y t r e a t i n g a soln. 
of v io le t c h r o m i c s u l p h a t e w i t h a m m o n i u m fluoride—not in excess . W h e n t h e 
s a l t is h e a t e d , w a t e r is evo lved , a n d t h e res idue is g reen . T h e v io le t c r y s t a l s a re 
s p a r i n g l y soluble in w a t e r ; a n d inso luble in a lcohol , a n d in a soln . of a m m o n i u m 
fluoride ; t h e soln. in h y d r o c h l o r i c ac id is v io le t ; t h a t in p o t a s h - l y e is g reen . 
F . H e i n a n d co-workers , a n d R . W e i n l a n d a n d W . H i i b n e r , s t u d i e d some complexes 
w i t h o rgan ic c o m p o u n d s . F . P i n t us p r e p a r e d t h e c o m p l e x w i t h p y r i d i n e , ch romic 
t r ipy r id inof luor ide , [ C r P y 3 F 3 ] ; a n d E . W i l k e - D o r f u r t a n d H . G. Mureck , chromic 
hexantipyrinoborofluoride, [Cr(COC10H12N2)6](BF4)3. 

J . J . Berze l ius p r e p a r e d a m m o n i u m , p o t a s s i u m , a n d s o d i u m c h r o m i u m fluorides 
a s g reen spa r ing ly soluble powde r s , b u t he d id n o t give a n ana lys i s . R . W a g n e r 
found t h a t ammonium chromium pentafluoride, (NH 4 ) 2 CrF 5 .H 2 6, is formed when 
a m m o n i a is p a s s e d i n t o a n a q . soln. of c h r o m i c fluoride, a n d t h e p r o d u c t e x t r a c t e d 
w i t h a b s o l u t e a lcohol . E m e r a l d - g r e e n , o c t a h e d r a l c rys t a l s a r e f o r m e d b y t r e a t i n g 
t h e p r o d u c t w i t h hydrof luor ic ac id . A . W e r n e r a n d A. G u b s e r r e p r e s e n t t h i s sa l t 
a s ammonium aquopentafltioride, [ C r ( H 2 0 ) F 6 ] ( N H 4 ) 2 . R- W a g n e r , A . W e r n e r 
a n d W . Cos tachescu , a n d E . P e t e r s e n o b t a i n e d a m m o n i u m c h r o m i u m hexafluoride, 
3 N H 4 C L C r F 3 , b y m i x i n g soln. of c h r o m i c a n d a m m o n i u m fluorides ; H . v o n He lmo l t , 
b y t h e a c t i o n of a h o t soln. of a m m o n i u m fluoride o n f reshly p r e c i p i t a t e d ch romic 
ox ide ; a n d G. F a b r i s , b y w a r m i n g v io le t c h r o m i c s u l p h a t e w i t h a n excess of 
a m m o n i u m fluoride. T h e green , o c t a h e d r a l c r y s t a l s a r e freely soluble in wa te r , 
a n d s p a r i n g l y soluble in a so ln . of a m m o n i u m fluoride. A . W e r n e r a n d A. Gubse r 
r e p r e s e n t t h i s s a l t b y t h e f o r m u l a [ C r F 6 ] ( N H 4 ) 3 . R . F . W e i n l a n d a n d co-workers 
p r e p a r e d t h e g u a n i d i n e sa l t , [ C r F 6 ] H 3 - S C H 5 N 3 . R . W a g n e r p r e p a r e d sod ium 
Chromium pentafluoride, 2 N a F X J r F 3 - J H 2 O , a s a green , spa r ing ly soluble powder , 
f rom a m i x e d soln. of s o d i u m a n d c h r o m i c fluorides. A . Moberg obse rved t h a t a 
so ln . of c h r o m i c fluoride g ives a g r een p r e c i p i t a t e w h e n t r e a t e d w i t h p o t a s s i u m 
fluoride. O. T . Chr i s t ensen , a n d R . W a g n e r p r e p a r e d po tass ium c h r o m i u m 
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pentafluoride, 2 K F . C r F 3 . H 2 0 , in g reen c rys t a l s , insoluble in w a t e r , a n d soluble in 
cone , hydroch lo r i c acid. O. T . Chr i s tensen , a n d C. P o u l e n c also p r e p a r e d p o t a s s i u m 
c h r o m i u m hexafluoride, K 3 C r F 6 , f rom a m i x e d soln. of ch romic fluoride a n d p o t a s ­
s i u m hydrof luor ide , or b y m e l t i n g a m i x t u r e of t hese t w o sa l t s , a n d e x t r a c t i n g t h e 
m a s s w i t h hydrof luor ic ac id . A . D u b o i n o b t a i n e d c rys t a l s of t h e sa l t b y a d d i n g 
ch romic oxide or fluoride t o m o l t e n p o t a s s i u m hydrof luor ide . T h e g r een c rys t a l s 
of t h e complex sa l t h a v e a sp . gr . 2-93 a t 0° . T h e green c rys t a l s a r e insoluble in 
wa te r , a n d a r e n o t d e c o m p o s e d b y a boi l ing soln. of s o d i u m c a r b o n a t e . A . D u b o i n 
sa id t h a t t h e c rys t a l s a r e freely soluble in n i t r i c a n d hydroch lo r i c ac ids . G. O. H i g l e y 
p r e p a r e d copper c h r o m i u m pentafluoride, C u C r F 5 . 5 H 2 0 , b y e v a p o r a t i n g a soln. of 
eq . m o l a r p r o p o r t i o n s of coppe r a n d c h r o m i u m fluorides in hydrof luor ic ac id ; 
a n d rec rys ta l l i za t ion f rom hydrof luor ic ac id . T h e sa l t loses w a t e r a t 200°. H e 
a lso o b t a i n e d z inc c h r o m i u m pentafluoride, Z n C r F 5 . 7 H 2 O , in a n ana logous m a n n e r . 
F . Ephraim and P . Barteczko prepared thallous chromium enneafluoride, 
3 T l F . 2 C r F 3 , b y e v a p o r a t i n g a m i x e d soln. of ch romic a n d t h a l l o u s fluorides. I t 
fo rms a g reen , c rys ta l l ine powder . 
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§ 21 . Chromium Oxyfluorides 
O. U n v e r d o r b e n * p r e p a r e d w h a t "was t h o u g h t t o be a h ighe r c h r o m i u m fluoride 

b y dis t i l l ing in a p l a t i n u m or l e a d r e t o r t a m i x t u r e of equa l p a r t s of l e ad c h r o m a t e 
a n d f luorspar a n d 3 p a r t s of fuming s u l p h u r i c ac id . H . R o s e e m p l o y e d p o t a s s i u m 
d i c h r o m a t e i n s t e a d of l ead c h r o m a t e . I t w a s d i scovered b y V. Oliveri , in 1886, t h a t 
t h e p r o d u c t is n o t c h r o m i c f luoride a t al l , b u t r a t h e r c h r o m i u m dioxydif iuoride, 
C r O 2 F 2 . T h e b i v a l e n t CrO 2 - rad ic le is s o m e t i m e s cal led t h e ch romyl - r ad i c l e , so 
t h a t t h e c o m p o u n d is also n a m e d c h r o m y l fluoride. W . P . E v a n s u s e d O. U n v e r -
d o r b e n ' s p rocess ; a n d C. L . J a c k s o n a n d G. T . H a r t s h o r n , a n d V . Oliver i , H . R o s e ' s 
p roces s . O. Ruff h e a t e d a n t i m o n y pen ta f luo r ide a n d c h r o m y l ch lor ide a n d o b t a i n e d 
a ye l low g a s t h o u g h t t o b e c h r o m y l fluoride. T h e r ed v a p o u r of c h r o m y l f luoride, 
s a id O. U n v e r d o r b e n , p r o d u c e s severe oppress ion of t h e l u n g s ; a n d J . B . A . D u m a s 
found t h a t w h e n cooled, t h e v a p o u r condenses t o a r e d l iqu id . O . U n v e r d o r b e n 
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o b s e r v e d t h a t t h e v a p o u r is d e c o m p o s e d b y w a t e r w i t h t h e evo lu t i on of h e a t 
f o r m i n g c h r o m i c a n d hydro f luor i c ac ids ; a n d w h e n e x p o s e d t o a i r , i t fo rms a 
ye l low c loud , a n d depos i t s c r y s t a l s of c h r o m i u m t r i o x i d e . C h r o m y l fluoride 
c o m b i n e s w i t h a m m o n i a ; i t c o n v e r t s a rsen ic t r i ox ide i n t o a r sen ic t r i f luor ide a n d 
c h r o m i u m t r i o x i d e ; bo r i c ox ide fo rms b o r o n t r i f luor ide a n d c h r o m i u m t r i ox ide ; 
a n d silica a n d e v e n glass f o r m si l icon t e t ra f luor ide a n d c h r o m i u m t r i o x i d e . Organ ic 
s u b s t a n c e s a r e d e s t r o y e d b y t h e v a p o u r ; a lcohol a n d e t h e r f o r m c h r o m i u m 
t r i f luor ide ; a n d F . W o h l e r sa id t h a t w h e n t h e v a p o u r is pas sed i n t o a b s o l u t e a lcohol 
a b r o w n i s h - g r e e n p o w d e r is d e p o s i t e d a n d h e a t is evo lved . C. L . J a c k s o n a n d 
G. T . H a r t s h o r n f o u n d t h a t benzo ic a c id is c o n v e r t e d i n t o dif luobenzoic ac id ; 
a n d V. Oliveri , t h a t t o l u e n e r e a c t s a s i n t h e case of c h r o m y l chlor ide , fo rming a 
b l a c k m a s s , wh ich , w i t h w a t e r , g ives b e n z a l d e h y d e . O. XJnverdorben found t h a t 
m e r c u r y s lowly d e c o m p o s e s t h e v a p o u r of c h r o m y l fluoride ; a n d W . P . E v a n s 
f o u n d t h a t z inc or s o d i u m r e d u c e s t h e v a p o u r t o c h r o m i u m (q.v.). 

Li. V a r e n n e t r e a t e d a n i t r i c ac id soln . of a m m o n i u m t r i c h r o r n a t e w i t h h y d r o ­
fluoric ac id , a n d o b t a i n e d red , efflorescent c r y s t a l s of a m m o n i u m dichromyl te tra-
fluochromate, ( N H 4 J 2 C r O 4 ^ C r O 2 F 2 . T h e c r y s t a l s a t t a c k g lass ; a n d t h e y a re 
d e c o m p o s e d b y ac ids , fo rming hydrof luor ic a n d c h r o m i c ac ids . If a m m o n i u m 
d i c h r o m a t e be u sed i n s t e a d of t h e t r i c h r o rna te , L . V a r e n n e o b t a i n e d a m m o n i u m 
c h r o m y l difluocriromate, ( N H 4 J 2 C r O 4 - C r O 2 F 2 , wh ich c a n b e r e g a r d e d a s a m m o n i u m 
fluochromate, N H 4 C r O 3 F , t h e sa l t of a h y p o t h e t i c a l fluochromic acid, H C r O 3 . F . 
T h e r e d c r y s t a l s c h a n g e s lowly w h e n e x p o s e d t o a i r ; t h e y a t t a c k glass ; a n d a re 
d e c o m p o s e d b y h e a t . A. W e r n e r 2 r e p r e s e n t e d t h e s a l t b y N H 4 [ C r O 3 F ] . A. S t r e n g 
boi led p o t a s s i u m d i c h r o m a t e w i t h cone , hydrof luor ic ac id , a n d o n cool ing t h e clear 
soln. , o b t a i n e d r u b y - r e d c r y s t a l s of p o t a s s i u m fluochromate, K C r O 3 F . L . V a r e n n e 
o b t a i n e d t h e s a l t b y a s imi la r p rocess ; a n d A. D i t t e , b y cool ing a h o t soln. of 
p o t a s s i u m fluoride a n d c h r o m i c ac id in eq . p r o p o r t i o n s . A. S t r e n g , a n d L*. V a r e n n e 
sa id t h a t t h e c r y s t a l s b e c o m e redd i sh -ye l low a n d m e l t w h e n e x p o s e d t o a i r ; t h e y 
c a n n o t b e p r e s e r v e d in glass vessels ; t h e y m e l t w h e n h e a t e d , fo rming a d a r k b r o w n 
l iquid , a n d a t a r e d - h e a t lose 11 p e r cen t , in w e i g h t ; a t a stil l h ighe r t e m p , in glass 
vessels , o x y g e n is e v o l v e d a n d si l icon t e t r a f luo r ide is f o rmed . A . C. O u d e m a n s 
sa id t h a t t h e sa l t d e c o m p o s e s a s i n t h e a n a l o g o u s case of t h e c h l o r o c h r o m a t e s . 
A. S t r e n g , a n d Li. V a r e n n e f o u n d t h a t t h e s a l t is so lub le in w a t e r , a n d boi l ing w a t e r 
c o n v e r t s t h e sa l t i n t o p o t a s s i u m d i c h r o m a t e a n d hydrof luor ic ac id . T h e sa l t c a n 
be r ec rys ta l l i zed f rom a l i t t l e w a t e r ; w i t h s u l p h u r i c ac id i t fo rms hydrof luor ic a n d 
c h r o m i c ac ids ; a n d w i t h a lka l ies , p o t a s s i u m fluoride a n d c h r o m a t e a r e formed. 
F. Olsson prepared potassium dioxydifluochromate, KF.Cr02F.H20, as a 
ye l lowi sh -b rown p r e c i p i t a t e b y a d d i n g a n a q . soln . of 4CrO 3 -Cr 2 O 3 t o a n excess of 
a so ln . of p o t a s s i u m fluoride in 40 p e r c e n t , hydrof luor ic ac id a t 0° . Th i s is t h o u g h t 
t o b e a c o m p l e x c o n t a i n i n g q u i n q u e v a l e n t c h r o m i u m . 

K . W e i n l a n d a n d H . S t ae l i n p r e p a r e d a series of fluochromates wh ich a re 
r e p r e s e n t e d o n t h e c o - o r d i n a t i o n t h e o r y b y t h e formulae H [ C r O 3 F ] in t h e s imples t 
case , a n a l o g o u s t o H 2 [ C r O 4 ] for t h e c h r o m a t e s . T h e fluochromates a r e r ep r e sen t ed 
b y p y r i d i n e , qu ino l ine , g u a n i d i n e a n d t e t r a m e t h y l a m m o n i u m fluochromate, 
[CrO 3 F]N(CHg) 4 ; a n d b y Silver fluochromate, A g [ C r O 3 F ] , o b t a i n e d a s a d a r k red , 
s p a r i n g l y so luble p o w d e r b y m i x i n g a soln. of ch romic ac id w i t h hydrof luor ic acid, 
a n d s i lver a c e t a t e . T h e y p r e p a r e d tha l lous fluochromate, T l [ C r O 3 F ] , in a n 
a n a l o g o u s w a y as a b rowni sh -ye l low p o w d e r spa r ing ly soluble in w a t e r . Com­
p a r i n g t h e fo rmu la , H [ C r O 3 F ] , w i t h t hose for t h e p o l y c h r o m i c acids—vide supra— 
t h e r e follow : 

r (OrO^.n 

T r S J 
Fluodlchromates. Fluotrichromates. 

T h e fluodichromates a r e r e p r e s e n t e d b y e t h y l e n e d i a m i n e fluodichromate, 

r (CrO4)-! 
Hl C, O, I 
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H[Cr(CrO 4 ) (O 2 )F] .en ; a n d t h e fluotrichromates b y p y r i d i n e a n d qu ino l ine fluotri-
c h r o m a t e s . A . H i e n d l m a y r 3 p r e p a r e d c h r o m i c fluopentarnminochromate, 
[Cr (NHg) 6 F]CrO 4 , f rom a cone . soln. of t h e fluoride a n d p o t a s s i u m c h r o m a t e . 
R . W e i n l a n d a n d co-workers p r e p a r e d c o m p l e x sa l t s of t h e f luoride w i t h p y r i d i n e , 
o- to luidine , guan id ine , a n d an i l ine . 
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ib., 27 565, 1833 ; J . J . Berzelius, ib., 1. 34, 1824 ; F . Wohler , ib., 33. 343 , 1834 ; W. P . E v a n s , 
Zeit. anttcw. Chem., 4. 18, 1891 ; F . Olsson, Arkiv Kem. Min. Oeol., 9. 10, 1924 ; V. Oliveri, 
Gazz. Chim. HaL9 16. 218, 1886 ; J . B . A. D u m a s , Ann. Chim. Phys., (2), 31. 435, 1826 ; 
C. L. Jackson and G. T. H a r t s h o r n , Amer. Chem. Journ., 7. 343, 1885 ; Ber., 8. 1993, 1885 ; 
O. Ruff, ib., 39. 4316, 1906 ; 47. 656, 1914 ; L.. Varenne , Compt. Bend., 91. 989, 1880 ; 93. 728, 
1881. 

2 A. Strong, Liebig's Ann., 129. 225, 1864 ; L.. Varenne , Compt. Rend., 89. 358, 1879 ; A. D i t t e , 
ib., 134. 337, 1 9 0 2 ; A. C. Oudemans , Rec Trav. Chim. Pays-Bas, 5. 116, 1 8 8 6 ; A. Werne r , 
Zeit. anorg. Chem.9 9. 407, 1895 ; R . Wein land a n d H . Stael in , ib., 136. 313, 1924 ; F . Olsson, 
Arkiv Kem. Min. Oeol., 9. 10, 1924. 

3 A. Hiend lmayr . Beitrage ziir Chemie der Chrom- und Kobalt-Ammoniake, Fr iesing, 17, 1907 ; 
R . Wein land and J . Lindner , Zeit. anorg. Chem., 190. 285, 1930 ; R . Wein land a n d W . H u b n e r , 
ib., 178. 275, 1929. 

§ 22. Chromium Chlorides 
F . H e i n a n d co-workers , 1 a n d F . P i n t u s o b t a i n e d ev idence of t h e f o r m a t i o n of a 

t r a n s i e n t c h r o m i u m monochlor ide , CrCl, in t h e i r s t u d y of t h e a c t i o n of m a g n e s i u m 
p h e n y l b r o m i d e on ch romic chlor ide : 4 M g ( C 6 H 5 ) B r + 3 C r C l 3 = C r ( C 6 H 5 ) 4 C l + 2 M g B r 2 
+ 2 M g C l 2 + 2CrCl2 ; followed b y 4 C r C l 2 + 4 M g ( C 6 H 5 ) B r = C r ( C 6 H 5 ) 4 C l + 3 C r C l 
+ 2 M g C l 2 + 2 M g B r 2 — t h e in i t ia l evo lu t i on of h y d r o g e n as a t t r i b u t e d t o t h e a c t i o n 
of t h e monoch lo r ide . 

A. Moberg prepared chromium dichloride, or chromous chloride, CrCl2, by 
pass ing d r y h y d r o g e n over h e a t e d v io le t c h r o m i c ch lor ide as long a s h y d r o g e n 
ch lo r ide is g iven off. If t h e t e m p , be t o o h igh , A. Moberg , W . Gregory , a n d 
J . J . Berzel ius found t h a t c h r o m i u m is p r o d u c e d . T h e h y d r o g e n m u s t b e f reed 
f rom t r a c e s of oxygen : t o do th i s , A. M o b e r g p a s s e d t h e h y d r o g e n over h e a t e d 
s p o n g y p l a t i n u m , while E . M. Pe l igo t s c r u b b e d t h e gas w i t h a soln. of s t a n n o u s 
ch lor ide in po t a sh - lye . F . M. Pe l igo t o b s e r v e d t h a t i t m a y b e f o r m e d a t t h e s a m e 
t i m e as t h e t r ich lor ide w h e n d r y ch lor ine is p a s s e d ove r a r e d - h o t m i x t u r e of 
c h r o m i c ox ide a n d charcoa l . C. E . Ufer , H . Moissan, a n d I . K o p p e l o b t a i n e d 
c h r o m o u s chlor ide b y pass ing h y d r o g e n ch lor ide over c h r o m i u m a t a h igh t e m p . 
T . D o r i n g showed t h a t t h e r eac t i on , 2 C r C l 3 + H 2 = 2 H C l + 2 C r C l 2 , is i r r evers ib le . 
H . Moissan also o b t a i n e d c h r o m o u s ch lor ide b y h e a t i n g c h r o m i c ch lor ide in t h e 
v a p o u r of a m m o n i u m chlor ide ; a n d A. K e c o u r a , b y d e h y d r a t i n g t h e h y d r a t e s a t 
250° in a c u r r e n t of n i t r o g e n — W . A. K n i g h t a n d E . M. R i c h w o r k e d a t 180° i n 
v a c u o . F . W o h l e r obse rved t h a t a n a q . soln. of c h r o m o u s ch lor ide is f o r m e d b y 
d i sso lv ing c h r o m i u m in hyd roch lo r i c ac id ; H . Lowel , H . Moissan , a n d A. R e c o u r a , 
b y r educ ing a soln. of c h r o m i c ch lor ide w i t h z inc ; a n d K . S o m e y a , b y r e d u c i n g 
soln . of ch romic sa l t s w i t h zinc- or l e a d - a m a l g a m . G. H e r r m a n n s t u d i e d t h e 
e l ec t ro - reduc t ion of soln. of c h r o m i c ch lor ide t o c h r o m o u s ch lor ide a n d o b t a i n e d 
t h e following yields a t 50° -60° : 

C u r r e n t d e n s i t y 
Tm*.- „„ J P t e l ec t rode 
Eff ic iency { p b e l e c t r o d e 

W . T r a u b e a n d co-workers p r e p a r e d cone . soln . of c h r o m o u s ch lor ide b y t h e p r o ­
l o n g e d e lec t ro ly t i c r e d u c t i o n of a q . soln . of g reen ch romic ch lor ide , us ing l e ad 
p l a t e s a s e lec t rodes a n d e m p l o y i n g a c u r r e n t d e s n i t y of 0-175 a m p . p e r sq . d m . 
T h e e lec t ro lys is of c h r o m o u s chlor ide soln. , u s ing a n i ron c a t h o d e , r e s u l t s in t h e 
f p r m a t i o n of a c a t h o d i c depos i t of me ta l l i c c h r o m i u m m i x e d w i t h c h r o m i u m ox ides . 

1 
16 
9 5 
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W . T r a u b e a n d A. Goodson p r o t e c t e d t h e soln. f rom a i r d u r i n g electrolysis b y 
cover ing t h e m w i t h l i gh t p e t r o l e u m ; t h e y found t h a t t h e m o s t f avourab le con­
d i t ions for t h e economic r e d u c t i o n a re t h e electrolysis of t h e v io le t c h r o m i c sa l t s 
in m o d e r a t e l y ac id cone , soln. , u s ing a lead c a t h o d e , a n d a c u r r e n t d e n s i t y of a b o u t 
2-5 a m p . p e r sq . d m . T h e m o r e c o m m o n green sa l t s , in aq . soln. , r e q u i r e a g r e a t e r 
e x p e n d i t u r e of c u r r e n t t h a n t h e v io le t sa l t s , b u t t h e y yie ld m u c h m o r e cone . soln. 
a n d a re , the re fore , m o r e su i t ab l e in t h e e n d for t h e p roduc t i on , a t a n y r a t e , of soln. 
r i ch in c h r o m o u s sa l t s b u t n o t en t i r e ly free f rom ch romic sa l t s . T h e s a m e slower 
r e d u c t i o n of t h e g r een complexes is o b s e r v e d w h e n soln. a re t r e a t e d w i t h z inc. 
M. C. T a y l o r a n d co-workers f o u n d t h a t in a t w o - c o m p a r t m e n t cell w i t h a spira l , 
s p o n g y l ead c a t h o d e , a n d five g r a p h i t e a n o d e s , a soln. of ch romic chlor ide is 
r e d u c e d t o c h r o m o u s ch lo r ide . W i t h a t o t a l c a t h o d e surface of 1-24 sq. d m . a n d 
a c u r r e n t of 1-6 a m p s , a c u r r e n t efficiency of 96 p e r cen t , m a y be o b t a i n e d over 
t h e pe r iod r e q u i r e d t o r e d u c e 87 pe r cen t , of t h e c h r o m i u m if t h e soln. is r ap id ly 
s t i r r ed a n d if t h e c u r r e n t is r e d u c e d w h e n h y d r o g e n c o m m e n c e s t o be evolved. 
W i t h a n u n c h a n g e d c u r r e n t t h e efficiency is on ly 53 p e r cen t , for t h e s a m e a m o u n t 
of r e d u c t i o n . F . H e i n a n d co-workers found t h a t p h e n y l m a g n e s i u m b romide 
r e a c t s w i t h c h r o m i c ch lo r ide , fo rming c h r o m o u s ch lor ide , 3 C r C l 3 + 4 C 6 H 5 M g B r 
= ( C 6 H 6 ) 4 C r C l + 2 M g B r 2 + 2 M g C l 2 + 2 C r C l 2 ; a n d t h a t t h e r e d u c t i o n p roceeds 
fu r the r , fo rming c h r o m i u m monoch lor ide , CrCl, t h u s , 4CrCl 2 -+-4C 6H 5MgBr 
= ( C 6 H 5 ) 4 C r C l + 3 C r C l + 2 M g C l 2 + 2 M g B r 2 . H . Moissan sa id t h a t if t h e a q . soln. 
b e e v a p o r a t e d , i t depos i t s c ry s t a l s of t h e hexahydrate ; b u t A . R e c o u r a , a n d 
W . A. K n i g h t a n d E . M. R i c h o b s e r v e d t h a t i t is t h e tetrahydrale t h a t is formed 
u n d e r t h e s e cond i t ions—v ide infra. 

Ana lyse s of t h e a n h y d r o u s sa l t we re m a d e b y A. Moberg , H . Moissan, 
E . M. Pe l igo t , a n d A. R e c o u r a . K . S o m e y a d iscussed t h e co lour of c h r o m o u s sa l t 
soln . C h r o m o u s ch lor ide m a y furnish w h i t e p s e u d o m o r p h s af ter c h r o m i c chlor ide ; 
i t m a y fo rm w h i t e need les ; o r colour less r a d i a t i n g masse s . E . W . Clarke a n d 
J . P . Grabfie ld g a v e 2-751 for t h e sp . gr . a t 14°/4° ; a n d W . Bi l tz a n d E . Bi rk , 
2*878 a t 25°/4° . F o r t h e mo l . vol . , vide infra, h y d r a t e d c h r o m i c ch lor ide . A. Moberg 
sa id t h a t t h e sa l t is r ead i ly m e l t e d . L . F . Ni l son a n d O. P e t t e r s s o n found t h e v a p . 
d e n s i t y (air u n i t y ) t o b e 7-80 b e t w e e n 1300° a n d 1400° ; 7-27 b e t w e e n 1400° a n d 
1500° ; a n d 6-22 b e t w e e n 1500° a n d 1600°. T h e t heo re t i c a l v a l u e for CrCl2 is 
4-256. T h e dec rease w h i c h occurs w i t h a r ise of t e m p , i n d i c a t e s t h a t t h e dis­
soc ia t ion of m o r e c o m p l e x molecu les is a p p r o a c h i n g c o m p l e t i o n . A. R e c o u r a gave 
for t h e h e a t of h y d r a t i o n : CrCl 2 s o i i d —>CrCl 2 .4H 2 O c r y s t .+16-6 CaIs. ; a n d for t h e 
h e a t of soln. , 18-6 CaIs. K . J e l l i nek a n d H . K o o p f o u n d for t h e r eac t i on Cr-J-Cl2 
- C r C l 2 , 76-68 CaIs. F . All ison a n d E . J . M u r p h y s t u d i e d t h e m a g n e t o - o p t i c 
p r o p e r t i e s . W . H a m p e f o u n d t h a t m o l t e n c h r o m o u s ch lor ide is a n electr ical 
c o n d u c t o r , a n d o n e lec t ro lys is , c h r o m i u m s e p a r a t e s a t t h e n e g a t i v e pole . 
H . Ki i s sner f o u n d t h a t a c h r o m i u m a n o d e in soln. of p o t a s s i u m chlor ide dissolves 
w i t h different va lenc ies b e t w e e n 2 a n d 6. A t low t e m p , a n d smal l c u r r e n t 
dens i t ies , t h e v a l e n c y a p p r o a c h e s 6, b u t a t h igher t e m p , n o cond i t ions could be 
found w h i c h g a v e o n l y one k i n d of ion . S imi la r r e su l t s were o b t a i n e d wi th 
a lcohol ic soln. of z inc ch lor ide . S. Meye r g a v e 47 X 1O-"*6 m a s s u n i t s for t h e m a g n e t i c 
suscep t ib i l i t y ; a n d R . H . W e b e r g a v e for t h e a t o m i c m a g n e t i s m 0-0182. B . Cab re r a 
a n d S. P . d e R u b i e s s t u d i e d t h i s sub jec t . G. B r e i t a n d H . K . O n n e s found t h a t t h e 
o r d e r of t h e m a g n e t i c suscep t ib i l i t y is u n c h a n g e d w h e n t h e f r equency of a l t e r n a t i o n 
of t h e m a g n e t i c field is i nc r ea sed t o 369,000, for t h e v a l u e in t h e a l t e r n a t i n g field 
is O-75 of t h e v a l u e for t h e d i r e c t field. 

T h e r e a c t i o n C r C l 2 + H 2 = 2 H C l + C r w a s s t u d i e d b y K . J e l l i nek a n d R . K o o p . 
T h e a n h y d r o u s sa l t is s t a b l e in d r y a i r , b u t i t de l iquesces i n mo i s t a i r a n d becomes 
g r een owing t o o x i d a t i o n . T h e a u t o x i d a t i o n of soln . of c h r o m o u s chlor ide in t h e 
a b s e n c e of a i r w i t h t h e d e v e l o p m e n t of h y d r o g e n w a s s t u d i e d b y A. Moberg , 
H . Moissan, a n d A. R e c o u r a . M. B e r t h e l o t obse rved t h a t t h e change is acce le ra ted 
b y ac ids ; a n d T. Dor ing , t h a t i t is acce l e ra t ed b y p r e c i p i t a t e d gold ; a n d W . T r a u b e 
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a n d co-workers , t h a t i t is acce l e ra t ed b y p a l l a d i u m sa l t s . A . Asmanoff showed t h a t 
t h e r eac t i on is acce le ra ted b y p l a t i n u m in t h e p resence of hydroch lo r i c ac id ; a n d 
w i t h su lphur ic ac id t h e r e a c t i o n is s lower . T h e un imolecu la r r e a c t i o n w i t h Ol^f -
H C l a t 29-4° h a s a ve loc i ty c o n s t a n t of 0-0129 ; a n d w i t h 0- I iV-H 2 SO 4 , 0-0115. W i t h ­
o u t p l a t i n u m t h e evo lu t ion of h y d r o g e n w i t h 102V- su lphur ic ac id c a n n o t b e d e t e c t e d , 
b u t i t c a n be obse rved w i t h hyd roch lo r i c ac id . A m m o n i u m chlor ide in 2V-HC1 
gives a m e a s u r a b l e y ie ld of h y d r o g e n e v e n w h e n p l a t i n u m is a b s e n t . T h e r e a c t i o n 
proceeds m o r e r a p i d l y in a m m o n i a c a l soln. , a n d is f a s t e s t in soln. c o n t a i n i n g 
a m m o n i u m s u l p h a t e . T h e speed of t h e r eac t ion increases a s t h e cone , of t h e 
a m m o n i a increases . T h e r e a c t i o n in a m m o n i a c a l soln. is acce le ra t ed b y ch romic 
sa l t s . W . T r a u b e a n d W . L a n g e found t h a t t h e convers ion of c h r o m o u s t o c h r o m i c 
sa l t s is acce l e ra t ed b y a m e t a l of t h e p l a t i n u m g roup , or b y a h y d r o g e n accep to r , 
a s well as b y s u b s t a n c e s w h i c h c a n n o t b e r e g a r d e d a s h y d r o g e n accep to r s . T h e 
r eac t i on is i n t e r p r e t e d accord ing t o t h e scheme C r ( O H ) 2 - > C r ( : O ) . O H + H . T h e 
r eac t i on w a s s t u d i e d b y H . W i e l a n d a n d F . G. F i scher . E . S. H e d g e s a n d J . E . M y e r s 
showed t h a t t h e evo lu t ion of h y d r o g e n in t h e a u t o x i d a t i o n of c h r o m o u s ch lor ide 
in t h e presence of p l a t i n u m m a y b e per iodic , c h r o m o u s ch lor ide d issolved in 
water w i t h t h e evo lu t ion of m u c h h e a t fo rming a b lue soln. wh ich r a p i d l y t u r n s 
green owing t o t h e a b s o r p t i o n of oxygen , a n d , accord ing t o E . M. Pe l igo t , t h e 
fo rma t ion of Cr 2 OCl 2 —a reac t ion wh ich A. R e c o u r a found t o be a t t e n d e d b y t h e 
evo lu t ion of 100-8 CaIs. Soln. of c h r o m o u s chlor ide were u sed b y F . O. v o n d e r 
P f o r d t e n , R . P . Ande r son a n d J . Riffe, W . M a n c h o t a n d J . H e r z o g , for t h e a b s o r p ­
t ion of oxygen in gas analys is—vide 8. 49 , 1. A . Mailfer t s t u d i e d t h e ac t ion of ozone . 
C h r o m o u s chlor ide is t r a n s f o r m e d i n t o ch romic chlor ide b y chlorine, a n d A. R e c o u r a 
gave for t h e h e a t of t h e r eac t ion (CrCl230Hd, C l g a 8 ) = 3 9 - 4 CaIs. ; (CrCl2SoIiI.* Clg a s) 
=CrCl 3 g r e e n soin.+51-4 CaIs. ; a n d (CrClsoin . , Clgag)==CrCl3violet soin.+60-8 CaIs. 
G. S. F o r b e s a n d H . W . R i c h t e r d issolved c h r o m o u s chlor ide in ice-cold 0 - I J V - H C I 
i n a n a t m . of h y d r o g e n or c a r b o n d ioxide free f rom all t r a c e s of oxygen . T h e 
m e r c u r y or p l a t i n u m p o t e n t i a l rose con t i nuous ly t o a m a x i m u m v a l u e which 
b e c a m e c o n s t a n t af ter t w o d a y s . If t r a c e s of o x y g e n a r e p r e sen t , t h e p o t e n t i a l 
f l uc tua t ed i r regular ly . W h e n refer red t o t h e h y d r o g e n e lec t rode a s zero, a t 25° , 
E=—0-400+0-065 log ( C r ' " / C r " ) . T h e m a x i m u m p o t e n t i a l w i t h p l a t i n u m w a s 
a b o u t 0-16 vo l t lower t h a n w i t h m e r c u r y , a n d h y d r o g e n was evo lved . G. H e r r m a n n 
s tud i ed t h e e lec t ro ly t ic r e d u c t i o n of soln. of c h r o m i c ch lor ide . If hydrogen chloride 
is passed for a long t i m e i n t o a cone . soln. of c h r o m i c chlor ide , cooled t o 0° , a 
b luish p o w d e r of chromous hydrochloride, 3CrCl 2 .2HCL 1 3 H 2 O , is fo rmed ; i t is 
s t ab le a t 0° , b u t decomposes a t 20°. A . Moberg , a n d E . M. Pe l igo t found t h a t t h e 
b lue a q . soln. gives a pa le g reen p r e c i p i t a t e w i t h potassium fluoride, b u t n o prec ip i ­
t a t e w i t h potassium bromide, or iodide. V . R o t h m u n d , a n d R . S t a h n s t u d i e d t h e 
r e d u c t i o n of perchlorates b y c h r o m o u s sa l t s . E . M. Pe l igo t o b t a i n e d a b l ack p r e ­
c ip i t a t e w i t h potassium sulphide—it is inso luble in a n excess of t h e a lka l i su lph ide . 
Potassium sulphite gives a b r i ck - red p r e c i p i t a t e . A . Moberg sa id t h a t ammonia 
gives a pa le b lue p r e c i p i t a t e a n d a l i t t l e h y d r o g e n is e v o l v e d — t h e s u p e r n a t a n t b lue 
soln. becomes r e d in a i r — b u t E . M. Pe l igo t sa id t h a t n o h y d r o g e n is g iven off ; 
a n d a d d e d t h a t a m i x t u r e of a m m o n i a a n d a m m o n i u m ch lor ide gives a b lue soln. 
wh ich becomes red on exposure t o air . W . P e t e r s found t h a t c h r o m o u s chlor ide 
abso rbs a m m o n i a , forming ash-grey c h r o m o u s hexamminodich lor ide , CrCl 2 . 6NH 3 , 
a n d w h e n th i s is k e p t in v a c u o i t fo rms a v io le t c h r o m o u s triainminodic]lloride» 
CrCl 2 .3NH 3 . W . Bi l tz a n d E . B i r k found t h a t t h e sp . gr . of t h e h e x a m m i n o d i c h l o r i d e 
is 1-392 a t 25 0 /4° . F . E p h r a i m a n d S. Mi l lmann discussed t h e s t ab i l i t y of t h e s e 
sa l ts ; a n d W . !Biltz a n d E . B i rk , t h e mo l . vols . K . K r a u t desc r ibed t h e f o r m a t i o n 
of some c h r o m o u s ammines—v ide infra. W . T r a u b e a n d W . P a s s a r g e p r e p a r e d l i lac-
co loured c h r o m o u s dihydrazinochloride, C rCl 2 . 2N 2 H 4 , b y p r e c i p i t a t i o n o n a d d i n g 
a soln. of h y d r a z i n e h y d r a t e t o a soln. of t h e ch lor ide . T h e p r e c i p i t a t e is w a s h e d w i t h 
wa te r , alcohol , a n d e the r , a n d d r i ed ove r su lphu r i c ac id . R . S t a h n s t u d i e d t h e r e d u c ­
t ion of potassium azide b y c h r o m o u s sa l t s . W . T r a u b e a n d W . P a s s a r g e found t h a t 
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c h r o m o u s sa l t s r e d u c e nitrous o x i d e in. t h e p resence of a lka l i h y d r o x i d e t o n i t rogen ; 
nitric acid, a n d hydroxylamine a r e r e d u c e d q u a n t i t a t i v e l y t o a m m o n i a , b u t t h e r educ ­
t i o n of nitrous acid t o a m m o n i a is n o t q u a n t i t a t i v e . F o r t h e a c t i o n of nitric oxide, 
s t u d i e d b y G. Chesneau , J . S a n d a n d O. Burge r , a n d V. K o h l s c h u t t e r , vide 8 . 49 , 3 5 . 
A. Mobe rg found t h a t sodium hydrophosphate gives a b l u e p r e c i p i t a t e ; a n d s o d i u m 
c a r b o n a t e gives a ye l lowish-green p r e c i p i t a t e a n d t h e s u p e r n a t a n t l i quo r b e c o m e s 
yel low. W . T r a u b e a n d W . P a s s a r g e showed t h a t soln. of c h r o m o u s sa l t s a re g r a d u a l l y 
oxid ized , especia l ly in ac id ic soln. , w i t h t h e l i be ra t ion of h y d r o g e n : 2 C r O + H 2 O 
= C r 2 O 3 + H 2 ; in consequence , t h e y a r e ab l e in t h e p resence of w a t e r t o r e d u c e 
c o m p o u n d s w i t h d o u b l e or t r i p l e l inkages . T h u s , t h e y r e d u c e acetylene t o e t h y l e n e , 
b u t n o t ethylene t o e t h e n e ; male ic a n d fumar i c ac ids a r e r e d u c e d t o succinic ac id 
i n ac id ic a n d a lka l ine soln. ; cinnamic and phenylpropionic acids y ie ld /3-phenyl 
p rop ion ic ac id w i t h a n a lka l ine suspens ion of c h r o m o u s ox ide ; a n d benzaldoxime 
is t r a n s f o r m e d i n t o b e n z y l a m i n e . E . M. Pe l igo t f o u n d t h a t potassium thiocyariate 
gives n o p r e c i p i t a t e . H . S t a h n s t u d i e d t h e r e d u c t i o n of thiocyanic acid, a n d of 
potassium cyanide. i t . R i p a n d iscussed t h e hyd ro ly s i s of c h r o m i c sa l t s b y p o t a s s i u m 
c y a n a t e . J. J . Berze l ius found t h a t p o t a s s i u m c y a n i d e gives a w h i t e p r e c i p i t a t e 
inso lub le in excess ; E . M. Pe l i go t found t h a t potassiumJerrocyanide g ives a yel lowish-
g reen p r e c i p i t a t e ; a n d sodium acetate, r e d c r y s t a l s of c h r o m o u s a c e t a t e . H . S t a h n 
s t u d i e d t h e r e d u c t i o n of chloroacetic acid a n d of oxalic acid ; a n d A. Moberg found 
t h a t potassium oxalate g ives a g r e y b lu i sh -g reen p r e c i p i t a t e ; sodium formate h a s no 
vis ible a c t i o n ; potassium tartrate h a s n o ac t ion ; sodium citrate g ives a v io le t - red 
p r e c i p i t a t e wh ich s lowly dissolves ; potassium succinate g ives a sca r l e t - red prec ip i 
t a t e ; potassium benzoate, a pa l e r ed p r e c i p i t a t e ; a n d sodium tetraborate, a pa le 
b lue p r e c i p i t a t e . H . S t a h n s t u d i e d t h e r e d u c t i o n of benzaldehyde. A . Moberg 
obse rved t h a t potassium hydroxide g ives a ye l low p r e c i p i t a t e , a n d , a d d e d 
E . M. Pe l igo t , if k e p t o u t of c o n t a c t w i t h a i r i t g ives a b r o w n p r e c i p i t a t e of h y d r a t e d 
c h r o m o u s ox ide (q.v.) a c c o m p a n i e d b y t h e evo lu t i on of h y d r o g e n . W . T r a u b e 
a n d co-workers found t h a t t h e p r e c i p i t a t i o n of soln. of c h r o m o u s sa l t s b y a lkal i - lye 
g ives a m i x t u r e of h y d r a t e d c h r o m o u s a n d c h r o m i c oxides in v a r y i n g p r o p o r t i o n s . 
E . M. Pe l igo t r e g a r d e d c h r o m o u s ch lor ide a s one of t h e m o s t powerful of 
r e d u c i n g agen t s . F o r i n s t a n c e , i t g ives a b r o w n p r e c i p i t a t e of c h r o m i c c h r o m a t e 
w h e n t r e a t e d w i t h potassium monochrornate ; cupric salt soln. furnish first c u p r o u s 
chlor ide , a n d a f t e r w a r d s w i t h a n excess of c h r o m o u s sa l t , a r e d p r e c i p i t a t e of 
c u p r o u s ox ide or coppe r ; E . Z i n t h a n d G. R i e n a c k e r s t u d i e d t h e e l ec t rome t r i c 
t i t r a t i o n of sa l t s of copper , si lver, a n d gold w i t h c h r o m o u s ch lo r ide . Acco rd ing t o 
E . M. Pe l igo t , go ld is p r e c i p i t a t e d f rom a soln. of gold trichloride, a n d t h e r e a c t i o n is 
a c c o m p a n i e d b y a n evo lu t i on of h y d r o g e n ; a n d mercuric chloride furnishes m e r c u r o u s 
ch lor ide . H . JBrintzinger a n d F . O s c h a t z fol lowed t h e e l ec t rome t r i c t i t r a t i o n of 
molybdic acid w i t h c h r o m o u s ch lor ide d o w n t o t h e f o r m a t i o n of t e r v a l e n t 
m o l y b d e n u m ; a n d H . B r i n t z i n g e r a n d F . Rod i s , a l loys of t i n a n d a n t i m o n y , copper 
a n d t i n , a n d b i s m u t h a n d t i n . N . H . F u r m a n t i t r a t e d c h r o m o u s sa l t s w i t h soln. 
of eerie s u l p h a t e . E . M. Pe l igo t f o u n d t h a t tungstic acid is r e d u c e d t o t h e b lue 
lower ox ide ; a n d H . L.6wel o b t a i n e d t i n f rom a soln. of stannous chlo-ride. E . Z in th 
a n d Gr. P i e n a c k e r s t u d i e d t h e e l ec t rome t r i c t i t r a t i o n of sa l t s of m e r c u r y , b i s m u t h , 
a n d i ron w i t h c h r o m o u s chlor ide . 

As i n d i c a t e d a b o v e , H . Moissan o b t a i n e d w h a t h e r e g a r d e d a s a liexahydrate b y 
e v a p o r a t i n g a q . so ln . of c h r o m o u s chlor ide ; b u t A . R e c o u r a , G. B a u g e , a n d 
W . A. K n i g h t a n d E . M. R i c h s h o w e d t h a t t h e p r o d u c t is t h e te t ra -hydra te , 
C r C l 2 . 4 H 2 O , a n d t h e y r e c o m m e n d e d t h e fol lowing m o d e of p r e p a r a t i o n : 

Chromous acetate is d issolved in cone, hydrochloric acid in v a cu o , a n d the clear soln. 
i s boi led d o w n t o dryness . If th i s dist i l lat ion is t o o prolonged, or if i t is interrupted over­
night , the dark green isomeride is usual ly formed, whi l s t if the t e m p , rises above 51° after 
crystals h a v e begun t o appear, t h e product is pale blue or l ight green or white , but these 
are variet ies of the blue isomeride, a n d are finally converted in to t h e stable dark blue hydrate 
in presence of cold water . T h e blue crystals are washed b y repeated decantat ion -with pure 
acetone , and the final drying carried ou€ w i t h ether. 

VOL. XI. 2 B 
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The blue crystals of the tetrahydrate readily absorb o x y g e n from air to form a 
greenish-black oxychloride. W., A. K n i g h t and E . M. R i c h showed t h a t the blue 
crystals prepared in this w a y appear t o undergo no alteration when left for m a n y 
months , but, in spite of the high degree of purity of th is chromous chloride 
(especially when it has been reprecipitated from sat . soln. b y cone, hydrochloric 
acid), its soln., on exposure to the air, has a markedly disagreeable odour. Water , 
not hydrogen chloride, is evo lved when t h e hydrated salt is heated in vacuo at 
180°. T. Doring found tha t the transformation of soln. of chromous chloride into 
chromic chloride is catalyt ical ly accelerated b y p lat inum, gold, silicic acid, etc . 
J . W. McBain also studied the catalyt ic decomposi t ion in the presence of colloidal 
plat inum. M. Prud'homme showed that chromous chloride is green in hot , cone, 
soln., a l though i ts cold, dil. soln. is blue, and hence, b y analogy wi th the chromic 
salt, he inferred t h a t t w o isomeric forms exist in aq. soln. J . W. McBain isolated a 
dark green chromous chloride which gave a green soln. wi th water, b u t t h e soln. 
soon became azure-blue. The change from a green to a blue soln. occupies only a 
few seconds in neutral soln. a t ordinary t emp. , but in acidic soln. the change is so 
retarded that it m a y require weeks for its complet ion. If the change from blue t o 
green were due to a partial hydrolysis resulting in the formation of a green Cr(OH)*-
cation, then i t is difficult to explain M. Prud'homme's observat ion tha t cone, 
hydrochloric acid favours the formation of the green colour. The assumption t h a t 
the change is due to a partial dissociation resulting in the formation of stable 
CrCl "-cation which colours the l iquid green is supported b y W . A. K n i g h t and 
E . M. Rich's observation tha t the presence of a large proportion of another chloride 
favours the green colour. Observations on the f.p. of the green and blue soln. 
show that it is probable that the blue soln. furnishes three ions : CrCl2^Cr**-(-2Cl', 
while the green soln., being less ionized, furnishes t w o ions : CrCl2^CrCl"+Cl' . 

W. A. Knight and E . M. Rich showed that if water be pumped from the tetra­
hydrate at 50°, a mixture of pale blue trihydrate, CrCl2-3H2O, and l ight green dihy-

drate is formed, but when water 
is added, the l ight green hydrate 
becomes pale blue trihydrate. The 
flask and contents are then heated 
to 51°, and the pale blue tr ihydrate 
is quickly dried at ordinary t emp, 
b y evacuat ion through • a phos­
phorus pentoxide tube . The l ight 
green dzhydrate, CrCl2 .2H2O, is 
formed when water is pumped from 
the tetrahydrate be tween 70° and 
80° ; evacuat ion at 100° has no 
further effect. The dark blue tetra­
hydrate is the stable form up t o 
38°, when i t passes into the dark 
green tetrahydrate ; but if the 
dark green tetrahydrate does not 

appear, the dark blue modification is stable up to 51°, at which it passes into the 
pale blue tr ihydrate; the dark green tetrahydrate is stable between 38° and 
600—70°, when i t forms the l ight green dihydrate. The pale blue tr ihydrate is 
converted into the l ight green dihydrate a t 84°—86°, and this , in turn, becomes 
the white anhydrous chloride a t 113°-115°. Fig . 73 represents the relationship 
between, say, the v a p . press, or the cone, of sat. soln. and temp. The metastable 
regions are represented b y dot ted lines. The observed vap . press. , p m m . , w i th 
sat . soln. were 

Temperatures 

F i a . 7 3 . — D i a g r a m m a t i c ! R e l a t i o n b e t w e e n T e m ­
p e r a t u r e ar id , s a y , V a p o u r P r e s s u r e of t h e 
H y d r a t e d G l i r o m o u s C h l o r i d e s . 

25° 
2-9 

35° 
8 O 

45° 
1 9 0 

48° 
* 2 5 0 

49° 
2 7 - 6 

50° 
2 8 - 8 

55° 
39*7 

60° 
56-O 

65° 
7 8 - 4 

Cr012.4B[8O CrCl2.8HaO 
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T h e r e is a defini te b r e a k in t h e c u r v e a t 49°, wh ich is close t o t h e 51° o b t a i n e d by-
o b s e r v a t i o n s o n t h e c h a n g e of co lour . 

I J . N . V a u q u e l i n 2 e v a p o r a t e d a soln. of ch romic ox ide in h y d r o c h l o r i c ac id t o 
d r y n e s s a n d h e a t e d t h e p r o d u c t t o expe l t h e l a s t t r a c e s of w a t e r . H . R o s e sa id 
t h a t t h e l a s t t r a c e s of w a t e r c a n n o t b e expe l led w i t h o u t fo rming c h r o m i c ox ide 
w h i c h co lours t h e m a s s g reen . J . J . Berze l ius , a n d H . F . G a u l t i e r d e C l a u b r y 
h e a t e d t h e r e s idue t o a h i g h t e m p , w h e n a l a rge p r o p o r t i o n sub l imed a s c h r o m i c 
Chloride, or c h r o m i u m trichloride, CrCl3 . H . R o s e , a n d H . Lowe l o b t a i n e d t h e 
a n h y d r o u s ch lor ide b y h e a t i n g t h e h y d r a t e d sa l t , o b t a i n e d b y e v a p o r a t i n g a n a q . 
soln. pf t h e ch lor ide , in a c u r r e n t of d r y ch lor ine so t h a t c h r o m i u m t r i ch lo r ide 
sub l imes . !F. W o h l e r f o u n d t h a t h e a t e d c h r o m i u m b u r n s i n chlor ine fo rming 
v io le t c h r o m i u m t r i ch lo r ide . H . Moissan sa id t h a t t h e r e a c t i o n occurs a t 600° . 
J . Y . J o h n s o n h e a t e d f e r r o c h r o m i u m i n ch lor ine g a s w i t h or w i t h o u t a r educ ing 
a g e n t l ike c a r b o n m o n o x i d e . H e a t is r e q u i r e d t o s t a r t t h e r eac t ion , b u t the rea f t e r 
t h e t e m p , is con t ro l l ed b y v a r y i n g t h e a m o u n t of ch lor ine so t h a t i ron chlor ide is 
s u b l i m e d . F . W o h l e r , a n d C. E . Ufer a lso o b t a i n e d t h i s ch lo r ide b y pas s ing d r y 
ch lor ine over a n i n t i m a t e m i x t u r e of c h r o m i c ox ide a n d c a r b o n . H . Moissan h e a t e d 
t o 400° ch romic oxide , w h i c h h a d n o t b e e n p r e v i o u s l y ca lc ined, i n d r y chlor ine 
gas , a n d A^ V o s m a r app l i ed t h e r e a c t i o n t o the open ing u p of f e r r o c h r o m i u m for 
ana lys i s . F . M. J a c k s o n h e a t e d f e r roch rome in ch lor ine a t a b o v e 350° t o vola t i l ize 
t h e ferric ch lor ide , a n d t h e n t o 650° t o p r o d u c e c h r o m i c ch lo r ide . R . D . H a l l 
o b t a i n e d t h e t r i ch lo r ide b y h e a t i n g c h r o m i c ox ide in a c u r r e n t of s u l p h u r m o n o -
ch lor ide v a p o u r ; C. M a t i g n o n a n d F . R o u r i o n u s e d a m i x t u r e of s u l p h u r m o n o -
ch lor ide a n d ch lor ine w i t h t h e c h r o m i c ox ide a t 400° ; F . B o u r i o n p re fe r red s u l p h u r 
d ich lo r ide . J . R . Moure lo cons ide red t h i s t o b e t h e b e s t m o d e of p r e p a r a t i o n . 
E . D e m a r e a y pa s sed c a r b o n t e t r a c h l o r i d e v a p o u r over c h r o m i c ox ide t o o b t a i n 
c h r o m i c c h l o r i d e — P . C a m b o u l i v e s r e c o m m e n d e d a t e m p , of 580° . G. R a u t e r 
o b s e r v e d t h a t w h e n c h r o m i u m t r i o x i d e or a c h r o m a t e is h e a t e d in t h e v a p o u r of 
si l icon t e t r a c h l o r i d e , c h r o m i c ch lor ide is f o r m e d ; a n d A. Michael is f o u n d t h a t i t 
is fo rmed b y t h e a c t i o n of p h o s p h o r u s t r i ch lo r ide o n c h r o m y l ch lor ide . H . Q u a n t i n 
p r e p a r e d c h r o m i c ch lor ide b y h e a t i n g c h r o m y l ch lor ide in a c u r r e n t of c a r b o n 
m o n o x i d e , or of c a r b o n t e t r a c h l o r i d e ; a n d M. P r u d ' h o m m e w o r k e d w i t h t h e 
m a t e r i a l s i n a sea led t u b e a t 200°. F . P . V e n a b l e a n d D . H . J a c k s o n found t h a t 
t h e ch lo r ina t i on of c h r o m i c ox ide w i t h a m i x t u r e of ch lo r ine a n d c a r b o n m o n o x i d e 
s t a r t s a t 625° . P . Cur ie pa s sed t h e v a p o u r of c a r b o n d i su lph ide m i x e d w i t h 
h y d r o g e n ch lor ide over h e a t e d ch romic o x i d e ; a n d J . J . Berze l ius , C. E . Ufer, 
F . Se rena , a n d L . R . v o n F e l l e n b e r g pas sed ch lor ine over h e a t e d c h r o m i u m su lph ide . 

Chromic ch lor ide , acco rd ing t o H . R o s e , furn ishes micaceous , p u c e o r v io le t 
laminae. L i k e t a l c , t h e y l eave a m a r k o n t h e sk in . T h e colour of c h r o m i c chlor ide 
b e c o m e s v e r y m u c h p a l e r a t l i qu id a i r t e m p . Gr. N a t t a f o u n d t h a t ch romic chlor ide 
c rys ta l l izes in t h e t r i gona l s y s t e m — p r o b a b l y ho lohedra l . T h e X - r a d i o g r a m s 
s h o w t h a t t h e u n i t cell h a s a s ide a = 4 - 4 2 A. ; t h e ax i a l r a t i o a : c = l : 1-29 or 1-30 ; 
a n d c o n t a i n s one mo l . of CrCl3 p e r u n i t c e l l ; a n d t h e ca l cu l a t ed sp . gr . is 2-71. 
O n t h e o t h e r h a n d , N . Woost>er f o u n d t h a t t h e u n i t cell c o n t a i n s six molecules , 
t h e ch lor ine a t o m s be ing a r r a n g e d i n , cub ic c lose-packing, a n d t h e c h r o m i u m 
a t o m s o c c u p y o c t a h e d r a l pos i t ions . T h e p a r a m e t e r a—6-0 A., a n d c—17-5 A. 
A. Schafa r ik g a v e 3-03 for t h e s p . gr . ; F . W , Clarke a n d J . P . Grabfield 
g a v e 2-757 a t 15°/4° ; a n d W . B i l t z a n d E . B i r k , 2-784 a t 25°/4°. M. Crespi 
f o u n d t h e s p . gr . of t h e a n h y d r o u s sa l t h e a t e d a t 100° in d r y a i r is 2-916. 
I t is difficult t o d r y t h e s u b s t a n c e , a n d i t a b s o r b s w a t e r greedi ly . T h e abso rp t i on 
r e sembles t h e p rocess of a d s o r p t i o n of gases b y glass . T h e mol . vol . of t h e con ta ined 
w a t e r increases w i t h t h e q u a n t i t y of w a t e r r e t a ined b y t h e sa l t . L . F . Nilson a n d 
O. P e t t e r s s o n found t h e vapour density (air u n i t y ) t o b e 6-13 a t 1065° ; 5-51 a t 1 1 9 1 ° ; 
5-42 a t 1277° ; 4-82 a t 1347° ; a n d 4-58 a t 1350 0 -1400° , w h e n t h e theore t ica l va lue 
ior CrCl8 is 5-478. H e n c e , t h e s imple fo rmu la CrCl3 r e p r e s e n t s t h e molecule in t h e 
s t a t e of v a p o u r ; a b o v e 1300°, d i ssoc ia t ion se t s in : 2CrCl3^2CrCl2- | -C)l2. A. S c o t t 
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confirmed these resu l t s . P . F i r e m a n a n d E . Gr. P o r t e r sa id t h a t t h e d i s soc ia t ion , 
indeed , can be de t ec t ed a t 355°, for w h e n a n i n e r t g a s is p a s s e d ove r t h e ch lo r ide 
a t t h a t t e m p , a n d t h e n t h r o u g h a soln. of p o t a s s i u m iod ide , iod ine is se t free b y 
t h e chlor ine. F . E p h r a i m g a v e for t h e d issocia t ion press . , p9 for 2CrCl3;=^2CrCl2 
+ C l 2 , 205 m m . a t 885° ; 209 m m . a t 902° ; 415 m m . a t 920° ; 535 m m . a t 930° ; 
a n d 605 m m . a t 933°. T h e resu l t s , however , a r e compl i ca t ed b y t h e v o l a t i l i t y of 
t h e c h r o m i u m chlor ide . H . K o p p g a v e 0-143 for t h e specific heat. K . J e l l i n e k 
a n d R . K o o p gave for t h e vapour pressure : 

700° 800° 900° 1000° 
P . . 0 0 1 8 7 0 0 6 1 8 O-1845 0-366 a t m . 

A. R e c o u r a g a v e for t h e h e a t of f o r m a t i o n : CrCl2 8 0In.+Clg as=C!rCl3 s o in . -J-56-7 
CaIs. K . Je l l inek a n d R . K o o p g a v e for t h e r e a c t i o n 2 C r C l 2 + C l 2 = 2 C r C l 3 + 6 6 - 9 5 
CaIs. ; a n d for C r + 1 - 5 C l 2 = C r C l 3 , 110-18 CaIs. O. Ste l l ing s t u d i e d t h e X - r a y 
absorp t ion s p e c t r u m ; C, P . Snow a n d F . I . G. R a w l i n s , t h e colour ; a n d P . K r i s h -
n a m u r t i , t h e R o m a n effect. W . H a m p e f o u n d t h a t t h e electrical conductivity of t h e 
t r ich lor ide is v e r y smal l . T. P e c z a l s k y a n d J . Cichocky s t u d i e d t h e effect of 
chromic chloride on t h e t he rmion i c emiss ion of coppe r . S. Meyer g a v e 34 X 10 ~6 

m a s s u n i t s for t h e magnetic susceptibility of ch romic chlor ide a t 18° ; E . F e y t i s 
gave 44-1 X 10"~6 m a s s un i t s ; a n d for t h e a t o m i c m a g n e t i s m , R . H . W e b e r g a v e 
0-00631. H . R . Wol t je r , a n d H . R . Wol t j e r a n d H . K . O n n e s obse rved t h a t t h e 
suscept ib i l i ty of ch romic chlor ide decreases w i t h t h e s t r e n g t h of t h e m a g n e t i c field 
a t t h e t e m p , of l iquid h y d r o g e n ; a n d for a g iven field s t r e n g t h , t h e suscep t ib i l i ty 
increases w i t h falling t e m p . T h e obse rved d a t a d o w n t o 64° K . follow t h e r e l a t i on 
^ ( T - 3 2 - 5 ) = c o n s t a n t , whe re x deno te s t h e suscept ib i l i ty a n d T t h e abso lu t e t e m p . 
F o r t h e a q . soln., G. Quincke gave t h e m a g n e t i c suscep t ib i l i ty 4 0 x l 0 ~ 6 m a s s u n i t 
a t 1 9 ° ; S. I s h i w a r a gave 44 - 3x l0~ ~ 6 m a s s u n i t a t 18*5°; a n d G. J a g e r a n d 
S. Meyer, 47 X 10""6 mass u n i t a t 19°. 

A. Moberg, a n d E . M. Pe l igo t obse rved t h a t w h e n hydrogen is p a s s e d over t h e 
h e a t e d chromic chlor ide, c h r o m o u s chlor ide is formed, a n d J . J . Berze l ius , a n d 
A. Moberg n o t e d t h a t a t a h igher t e m p , c h r o m i u m is p r o d u c e d ; K . J e l l i nek a n d 
R . K o o p , t h a t t h e r educ t i on of ch romic chlor ide b y h y d r o g e n p roceeds 2CrCl 3 - f -H 2 
^ 2 C r C l 2 + 2 H C l b e t w e e n 416° a n d 510°, a n d C r C l 2 + H 2 ^ 2 H C 1 + C r b e t w e e n 1021° 
a n d 1192°. V . N . Ipatieff a n d B . A . MouromtsefE found t h a t a soln. of t h e ch lo r ide 
is r educed b y h y d r o g e n a t 200 a t m . press . H . Rose obse rved t h a t w h e n h e a t e d i n 
air•, ch romic chlor ide is qu ie t ly r e d u c e d t o t h e ox ide . J . Y . J o h n s o n c o n v e r t e d 
t h e a n h y d r o u s sa l t i n t o t h e h y d r a t e w i t h o u t t h e a id of a r educ ing a g e n t a s c a t a l y s t 
b y expos ing a n aq . suspens ion t o t h e ac t ion of a ca thod ica l ly po la r i zed c o n d u c t o r , 
e.g. in a lead- l ined i ron vessel h a v i n g a c h r o m i u m a n o d e a n d us ing a v e r y low 
c u r r e n t dens i ty . T h e h e a t g e n e r a t e d in t h e process enab les a h i g h l y cone . so ln . 
t o be p r o d u c e d , wh ich is fi l tered while h o t a n d solidifies o n cool ing. H . K u n h e i m 
sa id t h a t w h e n h e a t e d in water vapour, ch romic c h r o m a t e is f o r m e d ; a n d JT. B o u r i o n 
found t h a t w h e n h e a t e d in oxygen m i x e d w i t h w a t e r v a p o u r , c h r o m i c ox ide is 
p r o d u c e d . F o r t h e so lubi l i ty in wa te r , vide infra. R . S c h w a r z a n d G. Meye r 
obse rved t h a t a n h y d r o u s ch romic chlor ide does n o t t a k e u p hydrogen chloride. 
A . R e c o u r a found t h a t if h y d r o g e n chlor ide be pas sed for some d a y s i n t o a so ln . 
of c h r o m i c chlor ide , t h e l iquid g r a d u a l l y becomes b r o w n or b rowni sh - r ed , owing 
t o t h e f o r m a t i o n of a chromic hydrochloride. If e t he r b e a d d e d , a g reen , u n s t a b l e 
p r e c i p i t a t e a p p r o x i m a t i n g CrCl 3 .HCl is fo rmed . A . W . C r o n a n d e r o b t a i n e d a 
b l u e c o m p l e x chromic phosphoctochloride , CrCl 3PCl 5 , b y t h e a c t i o n of phosphorus 
pentachloride on ch romic or c h r o m y l ch lor ide in a sealed t u b e a t 150° . R . F . W e i n -
l a n d a n d C. !Feige, a n d P . Pfeiffer p r e p a r e d a complex w i t h antimony pentachloride, 
n a m e l y , c h r o m i u m ant imonioctochlor ide , CrCl3 .SbCl6 .10H2O> in g r e e n leaflets, a n d 
c h r o m i u m tr iant imoniododecachloride, CrCl 3 .3SbCl 3 .13H 2 O, i n v io le t -g rey need les . 
R . F . W e i n l a n d a n d H . S c h m i d o b t a i n e d Cr[SbCJ 6J 3 .15H 2O, a n d a lso [SbC) 6] .CrCl 2 . 
10Bt 2O—vide a n t i m o n y p e n t a c h l o r i d e , 9 . 52, 18 . H . R o s e sa id t h a t puce -co lou red 
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c h r o m i c ch lor ide is e x t r a o r d i n a r i l y r e s i s t an t t o w a r d s ac ids . Accord ing t o Li. R . v o n 
Fe l l enberg , boi l ing hydrochloric, or nitric acid, or aqua regia does n o t a c t on t h e 
chlor ide , b u t N . B u n g e found t h a t if a l i t t l e s o d i u m a m a l g a m b e a d d e d t o di l . h y d r o ­
chlor ic ac id i n which t h e t r i ch lo r ide is suspended , a green soln. a n d s o m e c h r o m i u m 
a m a l g a m a r e fo rmed . H . Rose obse rved t h a t cone , sulphuric acid c a n b e d is t i l led 
f rom t h e puce-co loured chlor ide , b u t J . Pe louze a d d e d t h a t w i t h h o t , cone , s u l p h u r i c 
ac id , ch lor ine is s lowly g iven off, l eav ing b e h i n d a g reen m a s s miscible w i t h w a t e r . 
Mol t en sulphur was f o u n d b y J . L . Lassa igne , a n d J . J . Berzel ius , t o furn ish 
c h r o m i u m su lph ide ; J . v o n Lieb ig n o t e d t h a t w h e n h e a t e d in hydrogen sulphide, 
c h r o m i u m su lph ide is fo rmed ; H . Moissan sa id t h a t ammonium, chloride a t a r ed-
h e a t fo rms c h r o m o u s ch lor ide ; A . S c h r o t t e r , t h a t ammonia conve r t s i t i n t o n i t r i de . 
J . P e r s o z s t u d i e d t h e a c t i o n on c h r o m i c ch lor ide . N e i t h e r aq . a m m o n i a n o r 
a m m o n i a gas a c t s o n v io le t ch romic t r i ch lo r ide , b u t W . R . L a n g a n d C. M. Carson 
found t h a t t h e p u c e t r i ch lo r ide r e a c t s w i t h l i qu id a m m o n i a fo rming a yel low 
p o w d e r f rom wh ich w a t e r e x t r a c t s c h r o m i c h e x a m m i n o c h l o r i d e , C r C l 3 . 6 N H 3 . H 2 O , 
a n d also c h r o m i c pentamminoch lor ide , C r C l 3 . 5 N H 3 ; whi le W . R . L a n g a n d 
E . H . Jolliffe o b t a i n e d w i t h methylamine t h e c o m p l e x c h r o m i c p e n t a m e t h y l a m i n o -
chloride, CrCl3 .5(CH8)NH2 ; and with ethylamine, chromic pentaethylamino-
chloride, CrCl3 .5(C2H5)NH2 .H20, whilst, a t 60°, i t forms chromic tetraethylamino-
chloride, CrCl3.4(C2H5)NH2-H2O ; ethylenediamine forms chromic tetraethylenedi-
aminochlor ide , C r C l 3 . 4 C 2 H 4 ( N H 2 J 2 . H 2 O ; whi le dimethylamine, diethylarnine, tri-
methylamine, triethylamine, aniline, methylaniline, a n d dimethylaniline h a v e n o ac t ion 
on c h r o m i c chlor ide . P . Pfeiffer o b t a i n e d a sa l t w i t h pyridine, n a m e l y , chromic 
tripyridinoehloride, CrCl 3 . 3C 5 H 5 N—v ide infra, a m m i n e s . Gr. F u s e y a a n d K . M u r a t a 
obse rved t h e complexes a r e fo rmed w i t h glycine ; a n d H . F a r l , w i t h p y r i d i n e a n d 
c h r o m i c d i c h l o r o e t h y l a t e . G. M. B e n n e t t a n d E . E . T u r n e r s t u d i e d t h e r eac t ion 
w i t h magnesium phenyl bromides : 2CrCl3 + 2 ( C 6 H 5 ) M g B r = C 6 H 5 . C 6 H 5 + 2 C r C l 2 
H-MgCl2HJ-MgBr2, e t c . F . H e i n o b t a i n e d c h r o m i u m p h e n y l b r o m i d e , Cr (C 6 H 5 J 5 Br , 
as a p r o d u c t of t h i s r eac t ion . H . R o s e f o u n d t h a t phosphine p r o d u c e s t h e p h o s ­
p h i d e . I . K o p p e l sa id t h a t t h e puce-co loured , a n h y d r o u s ch lor ide does n o t 
dissolve i n ethyl alcohol, b u t i t does so if a piece of m a g n e s i u m , zinc, or c h r o m i u m 
b e p re sen t , or if a t r a c e of c h r o m o u s a c e t a t e b e a d d e d . Accord ing t o L . C. A. B a r r e s -
will, w h e n c h r o m i c ch lor ide a n d a lcohol a r e h e a t e d in a sea led t u b e , e t h y l ch lor ide 
is fo rmed . F . P i n t u s , a n d I . K o p p e l o b t a i n e d c h r o m i u m alcoholatochloride , 
CrCl 3 . 3C 2 H 5 OH, in r e d needles—vide infra, a m m i n e s . P . A . Th iessen a n d B . K a n -
d e l a k y e x a m i n e d t h e s e sa l t s . P . R o h l a n d sa id t h a t puce-co loured c h r o m i c chlor ide 
is p r ac t i c a l l y inso luble i n a b s o l u t e e t h y l a lcohol , methyl alcohol, acetaldehyde, a n d in 
ether. W . E i d m a n n found i t t o b e insoluble in acetone ; a n d H . A r c t o w s k y , i n carbon 
disulphide. A . N a u m a n n sa id t h a t t h e puce -co loured chlor ide is spa r ing ly soluble in 
methyl acetate ; a n d t h a t t h e yellow- fo rm is s l igh t ly so luble in benzonitrile. Li. H a c k -
spill found t h a t calcium r educes h e a t e d c h r o m i c ch lor ide t o c h r o m i u m ; F . Wohle r , 
t h a t z inc , in m o l t e n p o t a s s i u m ch lor ide , r educes i t t o c h r o m i u m ; Xi. H . v o n Fel len-
berg , a n d H . !Rose sa id t h a t t h e puce -co loured ch lor ide is inso luble in di l . a lkal i - lye, 
a n d t h a t i t is d e c o m p o s e d b y boi l ing cone . soln. of alkali hydroxides and carbonates ; 
A. Greuther, t h a t i t r e a c t s w i t h c h r o m i u m t r i ox ide : 3 C r O 3 + 2 C r C l 3 = C r 2 O 3 
+ 3 C r O 2 C l 2 ; a n d w i t h m o l t e n potassium dichromate : 3 K 2 C r 2 O 7 + 2CrCl 3^=Cr 2O 3 
+ 6 K C r O 3 C l . F . W o h l e r o b t a i n e d c rys ta l l ine c h r o m i c oxide b y fusing t h e t r i ­
ch lor ide w i t h sodium carbonate a n d a m m o n i u m chlor ide . 

Accord ing t o N . B u n g e , C. W . V incen t , a n d Z. Rouss in , a s l ight ly acidified soln. 
of c h r o m i c chlor ide or o t h e r c h r o m i u m sa l t y ie lds w i t h s o d i u m - a m a l g a m a n easi ly 
d e c o m p o s a b l e c h r o m i u m a m a l g a m . A . Commai l l e obse rved t h a t m a g n e s i u m 
p r e c i p i t a t e s on ly h y d r a t e d c h r o m i c o x i d e f rom a soln. of c h r o m o u s or ch romic 
ch lor ide . K . S o m e y a f o u n d t h a t soln. of c h r o m i c sa l t s a r e q u a n t i t a t i v e l y r educed 
t o c h r o m o u s sa l t s b y z i n c - a m a l g a m o r l e a d - a m a l g a m ; a n d C. Bou lange r s tud i ed 
t h e r e d u c t i o n w i t h z i n c a n d w i t h *j1«nniriinTin Acco rd ing t o T. Pecza l sky , w h e n a 
Copper r o d h a s i t s lower half s u r r o u n d e d b y c h r o m i c chlor ide , c e m e n t a t i o n is 
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p r o d u c e d t h r o u g h o u t i t s l eng th , specia l ly on t h e p o r t i o n in c o n t a c t w i t h t h e sa l t . 
Metal l ic c h r o m i u m was depos i t ed on t h e r e s t of t h e rod , wh i l s t r h o m b o h e d r i c c o p p e r 
c ry s t a l s were found in t h e sa l t . If t h e r o d w a s c o n t a i n e d i n e x h a u s t e d " p y r e x '* 
t u b e s , s u r r o u n d e d b y chlor ides of copper , n ickel , or c h r o m i u m , d e p o s i t s of c o p p e r 
were found t o h a v e p e n e t r a t e d t h e glass a f te r 5—IO h r s . a t 6000—800°. 

H . Rose sa id t h a t t h e a n h y d r o u s , puce -co lou red c h r o m i c ch lo r ide is inso lub le 
in cold w a t e r ; a n d E . M. Pe l igo t , t h a t i t is inso lub le in boi l ing w a t e r . J . P e l o u z e 
a d d e d t h a t i t is v e r y s lowly soluble i n cold w a t e r , b u t w a t e r a t 150°—200° f o r m s a 
deep green soln. H . Moissan also o b t a i n e d a n a q . soln. b y h e a t i n g t h e ch lo r ide 
w i th w a t e r in a sealed t u b e a t 180°. Acco rd ing t o E . M. Pe l igo t , whi le c h r o m i c 
chlor ide is insoluble in cold w a t e r , ye t , w h e n in c o n t a c t w i t h c h r o m o u s ch lor ide , 
i t dissolves w i t h ease, h e a t be ing evolved , a n d a g r een soln . f o rmed . T h e so ln . 
h a s all t h e cha rac te r i s t i c s of ch romic sa l t s . A v e r y sma l l q u a n t i t y , less t h a n 
0-000001 \y&T c e n t , of c h r o m o u s chlor ide , suffices t o r e n d e r c h r o m i c ch lo r ide so lub le . 

A . M o b e r g , a n d K . D r u c k e r f o u n d t h a t t h e d i s so lu t i on of c h r o m i c ch lo r ide is f a c i l i t a t e d 
b y t h e p re sence of d i l . ac id a n d z inc ; K . D r u c k e r , a l u r n i n i u m , f e r rous o x a l a t e ; a so ln . 
of c o p p e r i n c u p r o u s s u l p h a t e , a so ln . of a r s e n i o u s a c i d a n d s o d i u m h y d r o c a r b o n a t e o r 
h y d r o g e n i n t h e p r e sence of col loidal p l a t i n u m a t o r d i n a r y t e m p . ; J . P e l o u z e , s t a n n o u s , 
fe r rous , or c u p r o u s ch lo r ide , o r s o d i u m t h i o s u l p h a t e ; V . A . J a c q u e l i n , t i t a n o u s c h l o r i d e , 
o r s u l p h u r d iox ide ; H . Moissan , c h r o m o u s b r o m i d e or i od ide ; a n d P . R o h l a n d , h y d r o g e n 
a t 90° ; a n d t h e fol lowing m e t a l s i n c o n t a c t w i t h t h e c h r o m i c ch lo r ide h a v e a d e c r e a s i n g 
o r d e r of a c t i v i t y in fac i l i t a t ing t h e d i s so lu t ion of t h e s a l t : p o t a s s i u m , s o d i u m , m a g n e s i u m , 
a l u m i n i u m , z inc , c a d m i u m , t i n , i ron , n icke l , l ead , a n t i m o n y , b i s m u t h , c o p p e r , m e r c u r y , 
a n d s i lver whi le p l a t i n u m a n d go ld a r e i n a c t i v e . M . B a u c k n o t i c e d t h a t a p iece of c h r o m i c 
ch lo r ide de l iquesc ing on t infoi l fo rms a g r e e n s p o t p r e s u m a b l y o w i n g t o t h e f o r m a t i o n of 
a l i t t l e c h r o m o u s ch lor ide b y t h e r e d u c i n g a c t i o n of t h e t i n . P . P t o h l a n d f o u n d t h a t i n 
m e t h y l or e t h y l a lcohol , or a c e t o n e so ln . , t h e a c t i v i t y of c h r o m o u s ch lo r ide i n p r o m o t i n g 
t h e d i s so lu t ion is less t h a n i n a q . so ln . 

E . M. Pe l igo t , a n d J . J . Berze l ius sa id t h a t t h e c h r o m o u s ch lor ide a c t s a s a 
c o n t a c t c a t a l y s t ; a n d L . C A. Bar reswi l l a s s u m e d t h a t t h e c h r o m o u s ch lor ide 
fo rms w i t h v io le t ch romic chlor ide a doub le s a l t wh ich decomposes i n t o c h r o m o u s 
ch lor ide a n d a g reen soluble ch romic chlor ide . H . L o w e l s u p p o s e d t h a t t h e 
c h r o m o u s chlor ide r educes t h e v io le t c h r o m i c chlor ide a n d a t t h e s a m e t i m e is 
t r a n s f o r m e d i n t o soluble ch romic chlor ide , a n d t h e r e a c t i o n c o n t i n u e s a n e w . 
A. R c c o u r a ' s h y p o t h e s i s w a s s o m e w h a t s imi lar t o t h i s . P . K o h l a n d sa id t h a t 
t h e a c t i o n is n o t c a t a l y t i c , b u t t h a t i t f avours t h e d isso lu t ion of t h e c h r o m i c ch lor ide 
b y i t s r educ ing ac t ion . A cons iderab le p r o p o r t i o n of s t a n n o u s ch lor ide is r e q u i r e d 
t o d o t h i s work , a n d t h a t i nd i ca t e s t h a t t h e a c t i o n is n o t a cha rac t e r i s t i c of c a t a l y z e d 
r eac t i ons . K . D r u c k e r m e a s u r e d t h e r a t e s of d isso lu t ion in t h e p resence of v a r i o u s 
r e d u c i n g agen t s—v ide supra. H e f o u n d t h a t t h e r a t e is d e p e n d e n t u p o n (i) t h e 
n a t u r e of t h e r e d u c i n g agen t , (ii) i t s r e d u c t i o n - p o t e n t i a l , inc reas ing a n d dec reas ing 
w i t h t h i s , a n d (iii) i t s a b s o l u t e cone . I n t h e p resence of a spa r ing ly so luble r e d u c i n g 
a g e n t , t h e d isso lu t ion of t h e c h r o m i c chlor ide t a k e s p lace p r o v i d e d t h a t t h e a g e n t 
is a lso p r e s e n t in t h e solid s t a t e . T h e func t ion of t h e r e d u c i n g a g e n t does n o t 
a p p e a r t o be en t i r e ly c a t a l y t i c , b u t a r e a c t i o n t a k e s p lace b e t w e e n t h i s a n d t h e 
c h r o m i c ch lor ide . T h e d i sso lu t ion is p r o b a b l y p r e c e d e d b y a s l igh t r e d u c t i o n 
t o c h r o m o u s chlor ide , t h e c a t a l y t i c influence of wh ich is v e r y g r e a t ; o n l y a sma l l 
q u a n t i t y of t h i s can , however , b e fo rmed , s ince i t s p o t e n t i a l in soln. of a p p r e c i a b l e 
cone , is g r e a t e r t h a n t h a t of h y d r o g e n , whi l s t t h e p o t e n t i a l in t h e so ln . c a n n o t 
r ise a b o v e t h a t of t h e r e d u c i n g a g e n t p r e s e n t . I t h a s n o t b e e n p r o v e d t h a t t h e 
c a t a l y t i c inf luence is who l ly d u e t o c h r o m o u s ch lor ide . E . H e i n a n d co -worke r s 
s t u d i e d s o m e complexes w i t h o rgan ic rad ic les . 

The hydrated chromic chlorides a r e p e r h a p s t h e m o s t pecu l i a r h y d r a t e d sa l t s 
i n i n o r g a n i c c h e m i s t r y . T h e r e a r e one t e t r a h y d r a t e , t h r e e i somer ic h e x a h y d r a t e s 
— v i o l e t , p a l e g reen , a n d d a r k g r e e n — a n d one d e c a h y d r a t e ; a n d , a s i n d i c a t e d 
below, t h e d e h y d r a t i o n of t h e d a r k g r e e n h e x a h y d r a t e furn ishes a hemihydrate, 
C r C l 3 ^ H 2 O , a n d a hemitrihydrate, C r C l 3 . 1 ^ H 2 O . 

T h e tetrahydrate , C r C l 3 . 4 H 2 0 . — L . Godef roy 3 p r e p a r e d t h i s s a l t b y al lowing 
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t h e d a r k g r een h e x a h y d r a t e t o s t a n d ove r cone , s u l p h u r i c a c id i n v a c u o . T h e p a l e 
g r een p o w d e r r ead i ly t a k e s u p 2 mo l s . of w a t e r t o fo rm t h e h e x a h y d r a t e , w i t h t h e 
evo lu t i on of h e a t — a c c o r d i n g t o GL O. H i g l e y — e q . t o 83*96 CaIs. A . W e r n e r a n d 
A. G u b s e r showed t h a t t h e t e t r a h y d r a t e c a n also form doub le sa l t s w i t h 2 mol s . of, 
s ay , a lka l i ch lor ide . T h e a q . soln . of t h e t e t r a h y d r a t e is i den t i ca l w i t h t h e a q . soln . 
of t h e d a r k g reen h e x a h y d r a t e . A . E . L i n d h s t u d i e d t h e X - r a y a b s o r p t i o n s p e c t r u m . 
T h e m o l . c o n d u c t i v i t y of t h e a q . soln. , r a p i d l y d e t e r m i n e d a t 0° , is 49 a t a d i l u t i o n 
v=125—the c o n d u c t i v i t y inc reases t o t h e v a l u e for t h e d a r k g reen h e x a h y d r a t e 
a f te r i t h a s s t o o d for some t i m e . T h e a r g u m e n t s w i t h r e spec t t o t h e c o n s t i t u t i o n 
of t h e d a r k g reen h e x a h y d r a t e (q.v.) a r e app l i cab le t o t h i s sa l t . T h e 4 mols . of w a t e r 
a r e cons ide red t o b e c o n s t i t u t i o n a l b e c a u s e t h e y a r e n o t r e m o v e d b y d r y i n g . T h i s 
m e a n s t h a t t h e t e t r a h y d r a t e c a n b e r e g a r d e d a s c h r o m i c dichlorotetraquochloride, 
Cr[Cl 2 (H 2 O) 4 ]Cl . 

T h e dark green hexahydrate , C r C l 3 . 6 H 2 0 . — T h i s sa l t w a s p r e p a r e d b y A. Moberg , 
a n d E . M. P e l i g o t b y e v a p o r a t i n g t h e g reen soln . in v a c u o ; t h e g reen soln. used 
b y t h e l a t t e r w a s o b t a i n e d b y d isso lv ing t h e puce -co lou red a n h y d r o u s chlor ide in 
w a t e r c o n t a i n i n g a t r a c e of c h r o m o u s ch lor ide . P . R o h l a n d p r e p a r e d t h e sa l t in 
a s imi la r w a y . H . R o s e o b t a i n e d t h e g reen soln . b y boi l ing c h r o m i c ac id in h y d r o ­
chlor ic ac id , or b y d issolving h y d r a t e d c h r o m i c ox ide in t h a t ac id ; E . M. Pe l igo t , 
b y e v a p o r a t i n g a m i x t u r e of l e ad c h r o m a t e a n d h y d r o c h l o r i c ac id , a n d e x t r a c t i n g 
t h e c h r o m i c ch lor ide w i t h a lcohol , or f rom t h e c lear 
soln. o b t a i n e d b y d iges t ing l ead c h r o m a t e w i t h a lcohol 
a n d hyd roch lo r i c ac id ; L . Godef roy s a t . w i t h ch lor ine 
a soln . of 3 p a r t s of p o t a s s i u m d i c h r o r n a t e in 7 p a r t s of 
a lcohol . T h e soln . -was fi l tered t h r o u g h co t ton -woo l , 
a n d t h e f i l t ra te d is t i l led u n t i l i t s e p a r a t e d i n t o t w o 
l aye r s . O n cool ing, t h e g r een lower l a y e r solidified t o 
a m a s s of c ry s t a l s w h i c h were purif ied b y rec rys ta l l i za -
t i o n f rom a smal l q u a n t i t y of w a t e r . T h e c rys t a l s t h u s 
o b t a i n e d a re t h i n lozenge- shaped lamellee wh ich r ead i ly 
g ive off some of t h e i r w a t e r , b u t c a n b e p r e s e r v e d in a 
c losed vessel . A . H e c o u r a , N . B j e r r u m , a n d A. W e r n e r 
a n d A. Grubser pa s sed h y d r o g e n ch lor ide i n t o a s a t . soln . 
of c h r o m i c ch lor ide p r e p a r e d f rom c h r o m i u m t r i o x i d e 
a n d h y d r o c h l o r i c ac id , w h e n c r y s t a l s which h a v e b e e n 
v a r i o u s l y desc r ibed a s g reen , or e m e r a l d - g r e e n needles 
or p l a t e s we re o b t a i n e d ; R . F . W e i n l a n d a n d A. K o c h , a n d A. J o h n s e n sa id 
t h a t t h e c r y s t a l s a r e s ix-s ided, b i ax ia l , monoc l in i c or t r ic l in ic p l a t e s ; a n d 
J . Olie de sc r ibed t h e m as d o u b l y re f rac t ing , r h o m b i c or p s e u d o h e x a g o n a l p l a t e s . 
W . Bi l t z a n d E . B i r k g a v e 1-835 for t h e s p . g r . a t 25°/4° ; a n d 145-2 for 
t h e m o l . v o l . T h e hyg roscop ic c r y s t a l s w e r e sa id b y A. W e r n e r a n d 
A. G u b s e r t o h a v e a n i n t ense ly swee t t a s t e . T h e ana ly se s of A. Moberg , a n d 
A. R e c o u r a g a v e r a t h e r different v a l u e s for t h e a m o u n t of w a t e r of c rys t a l ­
l i za t ion , b u t t h e ana ly se s of E . M. Pe l igo t , L . Godefroy, a n d A. W e r n e r a n d 
A . G u b s e r ag ree w i t h t h e f o r m u l a C r C l 3 . 6 H 2 O . A. W e r n e r a n d A . G u b s e r found 
t h a t 2 mo l s . of w a t e r a r e r e a d i l y w i t h d r a w n w h e n t h e s a l t is confined over 
s u l p h u r i c a c id in v a c u o , b u t n o m o r e w a t e r is los t . O n t h e o t h e r h a n d , J . Olie 
sa id t h a t m o r e t h a n t h i s a m o u n t of w a t e r c a n b e r e m o v e d because af ter long 
s t a n d i n g o v e r s u l p h u r i c ac id i n v a c u o a t 15°, t h e sur face of t h e sa l t becomes pa le 
r ed . W h e n h e a t e d for 6 h r s . a t 100°, r a t h e r m o r e t h a n 4 mol s . of w a t e r a r e expel led . 
T h e p r o d u c t is d a r k v io le t ; i t r e a d i l y a b s o r b s w a t e r f rom t h e a t m . ; a n d forms a 
soln. a l m o s t i den t i ca l in a p p e a r a n c e a n d b e h a v i o u r w i t h t h e or ig inal g reen sa l t . 
S o m e h y d r o g e n ch lor ide , h o w e v e r , w a s also g iven off u n d e r t h e s e cond i t ions . 
N . B j e r r u m o b s e r v e d t h a t w h e n t h e s a l t is k e p t for 4 m o n t h s o v e r p h o s p h o r u s 
p e n t o x i d e , u n d e r 1 m m . press . , t h e r e r e m a i n s t h e r e d h e m i t r i h y d r a t e , C rCl 3 - I ^H 2 O, 
which, fo rms a ye l lowish-green soln . w i t h w a t e r , c h a n g i n g t o t h e v io le t -b lue colour 
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of t h e a q . soln. of green chromic chlor ide . J . OHe found t h a t t h e n a t u r a l m . p . of 
t h e s a l t — w i t h 36 per cen t , of t h e v io le t i somer—is 83°, a n d t h e t r u e m . p . is ove r 
90°—cf. F ig . 76 ; t h e sa l t c a n be h e a t e d slowly t o 100° in v a c u o w i t h o u t me l t i ng . 
J . Olie gave 2-66 CaIs. for t h e h e a t of t r a n s f o r m a t i o n t o t h e v io le t i somer . H . d e Bois 
a n d G. J . El ias measu red t h e effect of t e m p . , a n d of a m a g n e t i c field on t h e a b s o r p ­
t ion s p e c t r u m of solid ch romic chlor ide . T h e electr ical c o n d u c t i v i t y of t h e soln. 
of t h e h e m i t r i h y d r a t e is a t first less t h a n t h a t of t h e soln. of t h e h e x a h y d r a t e , b u t 
i t increases r ap id ly af ter a few m i n u t e s . If t h e g reen h e x a h y d r a t e b e h e a t e d v e r y 
slowly to 155°, in a c u r r e n t of h y d r o g e n chlor ide , t h e r e r e m a i n s t h e h e m i h y d r a t e , 
CrCl 3 -^H 2O, a s r ed powder . A . R e c o u r a found t h a t t h e green h e x a h y d r a t e is 
freely soluble in wa te r , so t h a t a t 15° t h e s a t . soln. h a s 56-6 p e r cen t , of t h e sa l t . 
J . Olie infer red t h a t a t 25° a s a t . soln. h a s 50 pe r cen t , of t h e g reen sa l t , 
b u t in t h e process of dissolut ion some v io le t sa l t is formed, a n d t h e c h a n g e 
from t h e green t o t h e vio le t sa l t (vide infra) goes o n slowly u n t i l equ i l i b r ium is 
a t t a i n e d in a b o u t 10 d a y s ; th i s is a c c o m p a n i e d b y a n a p p a r e n t increase in t h e solu­
bi l i ty of t h e sal t , because t h e v iole t sa l t is r a t h e r m o r e soluble t h a n t h e d a r k g reen 
sal t . T h u s , a t 25°, t h e pe rcen tage solubi l i ty , S, a n d t h e p e r c e n t a g e p r o p o r t i o n s 
of d a r k green a n d violet sa l ts in soln., a re : 

Time . 0-25 0-5 4-O 24 48 154 456 hrs. 
>S . 58-36 59*39 63-27 68-50 68-42 69-01 68-58 per cent. 
Creen . 91-70 87-43 75-20 62-36 59-1O 57-16 57-38 
Violet . 8-30 12-57 24-80 37-64 40-90 42-84 42-62 

J . Olie also observed t h a t t h e fo rma t ion of t h e d e c a h y d r a t e i n t r o d u c e s a compl i ­
ca t ion , because t he r e is a t r a n s i t i o n p o i n t n e a r 30° w h e n t h e s y s t e m con ta in s a b o u t 
32 p e r cen t , of t h e v io le t sa l t a n d 68 p e r cen t , of t h e g reen sa l t . If a soln. s a t . a t a 
t e m p , be low 32° is cooled, on ly t h e d e c a h y d r a t e s e p a r a t e s o u t ; b u t if s a t . a b o v e 
32°, b o t h h e x a h y d r a t e a n d d e c a h y d r a t e s e p a r a t e on cooling. A . W e r n e r a n d 
A. Gubse r also found t h a t a t r o o m t e m p , t h e d e c a h y d r a t e changes t o i t s equ i l ib r ium 
fo rm v e r y slowly. J . Olie r ep re sen t ed h is r esu l t s b y a d i a g r a m resembl ing !Fig. 74 . 
E . N . G a p o n s tud i ed t h e speed of h y d r a t i o n a n d d e h y d r a t i o n a n d of t h e passage 
ol t h e green t o t h e viole t h y d r a t e ; a n d t h e m e c h a n i s m of t h e charge , b y L . Meunie r 
a n d M. Lesbre . A. R e c o u r a gave — 0 0 4 CaI. for t h e h e a t of soln. of a mol of t h e 
green h e x a h y d r a t e i n 150 mols of wa te r , b u t , accord ing t o J . Olie, t h i s d a t u m does 
n o t r ep re sen t t h e h e a t of soln. of t h e green h e x a h y d r a t e , b u t r a t h e r t h e h e a t of 
h y d r a t i o n t o t h e d e c a h y d r a t e , a n d t h e h e a t of soln. of t h e d e c a h y d r a t e . O. Ste l l ing 
s t u d i e d t h e X - r a y s p e c t r u m . E . F e y t i s obse rved t h a t t h e m a g n e t i c suscep t ib i l i ty 
23-0 X lO""""6 m a s s u n i t is v e r y l i t t le different f rom t h e v a l u e for t h e vio le t sa l t . 
R . H . W e b e r m a d e obse rva t ions on th i s sub jec t . E . F e y t i s gave for t h e mol . sus­
cep t ib i l i ty 6179 x 10~«, a n d J . B . E l ias , 6100 X 10~-«. N . B j e r r u m found t h a t t h e d a r k 
g reen h e x a h y d r a t e is soluble in fuming hydroch lo r ic ac id ; A. W e r n e r a n d A. Gubser , 
t h a t i t is freely soluble in alcohol , spar ing ly soluble in ace tone , a n d insoluble in e t h e r ; 
a n d P . R o h l a n d , t h a t i t is nea r l y insoluble in e ther , a n d freely soluble in m e t h y l a n d 
e t h y l alcohols as well as in ace t a ldehyde . T h e sa l t is largely ionized i n m e t h y l 
alcoholic soln., b u t t h e mol . w t . is n o r m a l i n e t h y l a lcohol a n d in ace tone soln. 
T h e fo rma t ion of t h e sa l t w a s also s t u d i e d b y L . Meunier a n d M. Lesb re . F r o m 
t h e p rope r t i e s of t h e soln., i nd i ca t ed be low, A. W e r n e r a n d A. Gubse r r e g a r d e d 
t h e d a r k g reen h e x a h y d r a t e as dihydrated chromic dichlorotetraquochloride, 
[CrCl 2 (H 2 0) 4 ]C1 .2H 2 0 , w i t h 2 m a s k e d chlor ine a t o m s ; t h e h y p o t h e s i s is b a s e d on 
t h e b e h a v i o u r of t h e sa l t o n d ry ing ; on t r e a t m e n t w i t h silver n i t r a t e ; a n d on t h e 
e lec t r ica l c o n d u c t i v i t y of a q . soln.—vide infra. T h e y also r e p r e s e n t e d i t b v t h e 
fo rmula [ (H 2 O.Cl) 2 Cr(H 2 O) 4 ]CL J 

T h e pale green hexahydrate , C r C l 3 . 6 H 2 0 . — T h i s sa l t was p r e p a r e d b y N . B j e r r u m 
b y p o u r i n g a hydroch lo r i c ac id soln. of. ch romic ch lo rosu lpha te i n t o e t h e r s a t . w i t h 
h y d r o g e n ch lor ide ; a n d b y boi l ing a soln. of 13-4 g r m s . of ch romic d i c h l o r o t e t r a q u o ­
chlor ide in 18 g r m s . of w a t e r for 10 mins . , t h e n s a t . t h e soln. a t 8° -10° w i t h h y d r o g e n 
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ch lor ide ; t h e filtered l iqu id w a s t h e n p o u r e d i n t o 200 c.c. of e t h e r s a t . w i t h h y d r o g e n 
ch lor ide a t 10°, whi le h y d r o g e n chlor ide is pass ing t h r o u g h t h e l iqu id . T h e sa l t 
s e p a r a t e s o u t w h e n t h e soln . i s a l lowed t o s t a n d , a n d i t is w a s h e d w i t h e t h e r s a t . 
w i t h h y d r o g e n ch lor ide . T h e p a l e g r e e n h e x a h y d r a t e is s u p p o s e d t o b e p r e s e n t 
i n a q . soln. c o n t a i n i n g t h e o t h e r t w o chlor ides , a n d is sa id t o b e a m a x i m u m w h e n 
t h e g r een d i c h l o r o t e t r a q u o c h l o r i d e is d isso lved in i t s o w n w e i g h t of w a t e r , a n d 
t h e soln. boi led for 10 mins .—v ide infra. G. O. Hig ley o b t a i n e d i t b y h e a t i n g t h e 
v io le t sa l t t o 70° ; a n d b y e v a p o r a t i n g a soln. of t h e g reen chlor ide a n d h y d r o c h l o r o -
p l a t i n i c acid , h e o b t a i n e d t h e s a l t [Cr (H 4 O 2 J 5 Cl]P tCl 6 . A . del C a m p o a n d co -worke r s 
o b t a i n e d t h i s sa l t b y s a t u r a t i n g w i t h h y d r o g e n ch lor ide a n a q . e the rea l soln. of g reen 
c h r o m i c ch lo ro su lpha t e , [CrCl (H 2 O) 5 ]SO 4 -H 2 O. T h e pa l e g reen h e x a h y d r a t e w a s 
a lso p r e p a r e d b y A. W e r n e r a n d R . H u b e r , a n d b y R . F . W e i n l a n d a n d T . S c h u m a n n . 
W . Bi l tz a n d E . B i r k f o u n d t h e s p . g r . t o b e 1-760 a t 25°/4° , a n d t h e mol . vo l . 151-4. 
Accord ing t o N . B j e r r u m , t h e p a l e g reen , mic roc rys t a l l i ne p o w d e r is v e r y h y g r o ­
scopic , a n d i t s lowly passes i n t o t h e d a r k g reen sa l t . I t is so luble i n a m i x t u r e 
of e q u a l vols , of f uming hyd roch lo r i c ac id a n d e t h e r fo rming a g reen soln. , which , 
w h e n p o u r e d i n t o a n excess of e t h e r s a t . w i t h h y d r o g e n ch lor ide , depos i t s t h e pa le 
g reen solid. T h e pa l e g reen h e x a h y d r a t e fo rms a b lu i sh -g reen soln . w i t h w a t e r , 
a n d t h e colour s lowly c h a n g e s t o b lu i sh-v io le t ; i t is soluble in a lcohol , a n d in 
a c e t o n e . Cone, su lphu r i c ac id p r e c i p i t a t e s f rom t h e aged a q . soln. , C rC lSO 4 . 6H 2 O. 
Th i s b e h a v i o u r of t h e sa l t t o g e t h e r w i t h i t s b e h a v i o u r t o w a r d s s i lver n i t r a t e , a n d 
t h e c o n d u c t i v i t y of i t s a q . soln. , sugges t s t h a t t h e sa l t is hydrated c h r o m i c c h l o r o -
pentaquodichloride , [Cr (H 2 O) 5 Cl]Cl 2 -H 2 O, w i t h one m a s k e d ch lor ine a t o m . 

T h e decahydrate , CrCl 3 - IOH 2 O. L . Godef roy p r e p a r e d t h i s sa l t b y p lac ing a 
s a t . soln. of t h e d a r k g reen h e x a h y d r a t e in v a c u o for severa l d a y s a t a t e m p , be low 
6° . A. W e r n e r a n d A. G u b s e r o b t a i n e d i t b y cool ing, b y m e a n s of a freezing 
m i x t u r e , a soln. of t h e d a r k g reen h e x a h y d r a t e in half i t s w e i g h t of w a t e r ; a n d 
J . Olie, b y t r i t u r a t i n g t h e d a r k g r een h e x a h y d r a t e w i t h t h e t h e o r e t i c a l p r o p o r t i o n 
of w a t e r . L . Godefroy desc r ibed t h e sa l t a s fo rming g reen , t r ic l in ic c ry s t a l s , w h i c h 
read i ly lose w a t e r . O v e r su lphu r i c acid , for e x a m p l e , t h e y lose 4 mols . of w a t e r , 
a n d b e c o m e o p a q u e a n d fr iable . T h e s a l t m e l t s s lowly in i t s w a t e r of c r y s t a l ­
l i za t ion a t a t e m p , a b o v e 6° or 7° . J . Olie found t h a t w h e n r a p i d l y h e a t e d , t h e 
sa l t m e l t s a t 32° . Th i s t e m p . , however , is n o t a m . p . , b u t r a t h e r a t r a n s i t i o n 
t e m p . — v i d e F i g . 7 4 — A . W e r n e r a n d A. G u b s e r f o u n d t h a t t h e d e c a h y d r a t e is 
freely soluble in w a t e r , a lcohol , a n d a c e t o n e . G. O. H i g l e y f o u n d t h a t t h e h e a t 
of soln. is zero ; b u t in cone , soln. , J . Olie found t h a t t h e h e a t of soln. is n e g a t i v e . 
N . B j e r r u m ' s o b s e r v a t i o n s on t h e e x t i n c t i o n coeff. of t h e soln . a r e s u m m a r i z e d 
in F i g . 75 . T h e mo l . c o n d u c t i v i t y of a fresh 0-00988M-soln . a t 25° is 208-5 m h o s , 
a v a l u e w h i c h is m e a n b e t w e e n t h o s e o b t a i n e d for soln. of t h e d a r k g r e e n a n d t h e 
v io le t h e x a h y d r a t e s of t h e s a m e cone . T h e h y d r o l y s i s c o n s t a n t , K=S X 1 0 ~ 6 nea r ly , 
is a b o u t o n e - t e n t h t h e v a l u e for t h e v io le t sa l t . T h e cone . a q . soln. , w i t h cone , 
su lphu r i c ac id , fo rms t h e c h l o r o s u l p h a t e , CrClSO 4 . 6H 2 O, or [CrCl (H 2 O) 5 ]SO 4 -H 2 O. 
Accord ing t o A. W e r n e r a n d A. Gubse r , t h e m o l . c o n d u c t i v i t y , a n d t h e b e h a v i o u r 
of t h e s a l t t o w a r d s si lver n i t r a t e i n d i c a t e t h a t i t c o n t a i n s t w o non- ion izab le chlor ine 
a t o m s ; and it behaves like hexahydrated chromic dicMorotetraquochloride, 
[Cr (H 2 O) 4 .C l 2 ]C l .6H 2 O. T w o of t h e t e n mol s . of w a t e r c a n be rep laced b y m e t a l 
ch lor ides . I t is a s s u m e d t h a t four of t h e mols . of t h e h e x a h y d r a t e a r e doub led . 
T h e t e t r a h y d r a t e , d a r k g r e e n h e x a h y d r a t e , a n d t h e d e c a h y d r a t e all g ive aq . soln. 
of iden t i ca l p r o p e r t i e s ; a n d t h i s w h e n t h e soln. is f reshly p r e p a r e d before t h e y 
h a v e h a d t i m e t o u n d e r g o t h e s low c h a n g e s i n d i c a t e d be low. Consequen t ly , deca- , 
h e x a - , a n d t e t r a - h y d r a t e s a r e s u p p o s e d t o b e s imi la r ly c o n s t i t u t e d : e i the r 
[Cr(H 2 O) 4 Cl 2 ]Cl , [ C r ( H 2 0 ) 4 C l 2 ] C 1 . 2 H 2 0 , a n d [Cr (H 2 O) 4 Cl 2 ]C l .6H 2 O, or else 

[ H * o ! c i 0 r ( H 4 ° a ) * ] C 1 [ H ^ § ° r ( H * 0 ) * ] C 1 [ g}c r (H a O) 4 ] c i 
Decahydrate Hexahydrate. Tetrahydrate. 
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G. Quincke gave 1-2030 for the sp. gr. of a 20-8 per cent. soln. of CrCl8 a t 19°/4°. 
H . C. Jones and H. P. Bassett found the sp. gr. of soln. wi th M mols of the salt 
per litre at 18° to be : 

M 
S p . gr . 

0 0 5 
. 1 0 0 9 9 

O-1 
1-0142 

O-2 
1 0 2 5 8 

0-4 
1 -0507 

0-6 
1*0773 

0-9 
1 1 1 1 7 

1-5 
1 - 1 8 0 6 

2 - 2 5 
1 -2651 

E . Moles and M. Crespi gave 1-802 for the sp. gr. and 147-5 for the mol. vol . 
According to W. Biltz and E . Birk, the mol. vol. of [CrCl 2 (H 2 0) 4 ]CL2H 2 0 is 145-2 ; 
of [Cr(H2O)6]Cl3, 148-1, and of [CrCl(H2O)6]Cl2-H2O, 151-4. The mol. vol . of the 
most stable of the chromic salts, the dark green dichlorotetra-aquochromic chloride 
dihydrate, [CrCl2(H2O)4]Cl^H2O, is 145-2, tha t of the grey hexa-aquoehromic 
chloride, [Cr(H2O)6]Cl3, is 1 4 8 1 , and that of the least stable, the light green mono -
chloropenta-aquochromic chloride monohydrate , [CrCl(H2O)5]Cl2JH2O, is 151-4. The 
mol. vol . thus falls with increasing stability, as for organic isomerides, the difference 
for each pair being 2 per cent. The mol. vol . of chromous chloride hexahydrate is 
129-6, and this corresponds with a volume of 14-5 for each mol. of water. The mol. 
vol. of the water in the chromic chloride hexahydrates are 14-7, 15-2 and 15-7, respec­
tively, and the chromous chloride thus corresponds with the dark green chromic 
salt and may be formulated [CrCl2(H2O)4] .2H2O. H. Lessheim and co-workers 
discussed the electronic structure. J. E . Howard and W. H. Patterson found 
that the effect of the dark green salt on the critical soln. t emp, of binary mixtures 
of water with butyric acid, isobutyric acid, and phenol, and of ethyl alcohol and 
paraffin, is nearly twice that due to the violet salt for concentrations up to 0-05M ; 
above this c o n e , the difference becomes progressively smaller. H . C. Jones and 
H. P. Basset t found the lowering of the f.p. of aq. soln. of M mol of the salt per 
litre to be : 

M 
F . p . . 

0 0 5 
— 0 - 2 6 8 ° 

0 1 
— 0 - 5 1 0 ° 

0-2 
— 0 0 3 0 ° 

O-4 
— 2 - 1 6 0 ° 

9-6 
— 3-6IO° 

0-9 
— 6 -30° 

1-6 
— 15-0° 

2 - 2 5 
— 3 3 0 ° 

Measurements were also made by G. Marchetti, and A. Werner and A. Gubser. 
The general results correspond with a mol. wt . nearly half the theoretical value 
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K J a . 75.—Molecular E x t i n c t i o n Coefficients of 
Solut ions of t h e Chromic Chlorides for Light 
of Different Wave- lengths . 

266-6. J . R. Part ington and S. K. 
Tweedy observed that violet soln. 
of hexahydrated chromic chloride 
have a higher viscosity than anal­
ogous green soln., as would be 
anticipated from A. Werner's formu­
lation of these salts. A. Recoura 
gave for the heat of the reaction 
(CrCl3Kreeil B o ] n ,3NaOH 8 o l n >) = 31-5 
CaIs. a t 10°, and the precipitated 
hydroxide dissolves in hydrochloric 
acid with the evolution of 20*7 CaIs., 
or 20-6 OaIs. according to E . Peter­
sen • the resulting soln. is blue. 

A. ± iccini observed that the raising of the b.p. in methyl alcohol corresponds wi th 
a mol. wt . of about 5 0 ; in ethyl alcohol, 228 ; and in acetone, 271 ; the theoretical 
value is 266-6. F . Jost also obtained a mol. wt. of 33-2 in methyl alcohol. 
A . Recoura said that soln. appear green by reflected light, and red by transmitted 
l ight ; they found an absorption spectrum with a single green band ; a candle-flame 
v iewed through such a soln. appears green ; but after the soln. has stood for 10 
days a red band appears, and the name finally appears to be reddish-violet. 
W. N*. Hart ley found that when anhydrous chromic chloride is dissolved in water, 
t w o kinds of salt are formed, one of which is precipitated by ammonium oxalate 
and the other no t so. A soln. of the latter in thin layers at 20° shows a continuous 

393 
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spectrum u p t o about A = 5 0 0 when bands appear at A = 7 0 4 to 685, and at A = 6 7 3 
t o 538 . A t 100°, the soln. is opaque. Observations were made b y J. Formanek, 
W . Lapraik, J. M. Hiebendaal , J. L. Soret, H . W. Vogel, Gr. Magnanini, O. Knoblauch , 
A. lStard, H . C. Jones and J . A. Anderson, and H . C. Jones and W . W . Strong. 
N . Bjerrurn found for the three hexahydrated chromic chlorides the mol . ext inct ion 
coeff. i l lustrated b y Fig . 75 for wave- lengths ranging from A = 4 5 0 t o 700. 
The mol . ext inct ion coeff., Vfc, is defined b y I0=Ie

krnl
9 where I0 is the intens i ty of 

the incident l ight, and I the intens i ty after traversing a layer, I cm. thick, of a 
soln. wi th M mols per litre. I n an analogous way , A. B y k and II. Jaffe measured 
the l imits of absorption for ultra-violet rays ranging from A = 4 4 0 to 220, and 
found for the green soln. of the chloride (eq. t o 5 grms. of chrome-alum for 100 c.c.) 
an absorption band A—490 t o 409*1 ; and for v io let soln. bands A = 4 3 3 - l to 400O, 
and A—400-0 t o 385-5. H . W . Vogel measured the absorption spectrum of alcoholic 
soln. ; and O. Stell ing, the X - r a y spectrum ; H . C. Jones and W . W. Strong, the 
effect of the presence of various other salts in the soln. of chromic chloride. 
N . Bjerrum found the mol . electrical conduct iv i ty , /x mhos , of aq. soln. with M 
mols per litre to be : 

M . 
f* • 

0 0 0 3 2 2 
103-1 

0*01074 
97-9 

O 0 0 3 3 4 
88-6 

0-00998 
8 3 0 

0 0 3 0 7 
79-5 

0 0 0 8 
4 9 O 

Observations were also m a d e b y A. Werner and A. Gubser, H . C. Jones and 
H . P . Basset t , H . C Jones and C. A. Jacobsen , a n d A. B . L a m b . According to 
A. W . Speransky, the mol . conduct iv i ty of the soln. of the dark green salt, is about 
one-third of t h a t of the v io le t salt . This , said A. Werner and A. Gubser, shows 
t h a t a smaller proportion of ions is formed b y the ionizat ion of the salt , so that 
while the v io le t salt furnishes four ions per mol , the dark green salt y ie lds only 2 ions. 
A s the soln. of the green salt is a l lowed t o s tand, the ionizat ion proceeds further, 
owing t o the partial transformation of t h e green into the v io let sal t—vide infra. 
F . J o s t gave for the mol . conduct iv i ty of soln. of t h e green salt in m e t h y l alcohol, 
a t room t e m p . : 

. M . 
fA . 

11-55 
. 43-5 

15*48 
46-5 

28-7 
52-6 

55*5 
59-O 

129*9 
64*2 m h o s 

H . C. Jones calculated for the percentage degree of ionization, a, and gave for the 
number of mols of water, H, in combinat ion wi th a mol of the salt for soln. with 
M mols of salt per litre : 

M . . 0 0 5 O l O* 3 0*6 0 - 9 1*5 2 0 2*25 
/A . . 52*7 4 6 - 9 3 8 1 31*2 2 5 - 6 16*9 11 -6 9*6 
H . . 1 1 7 - 9 6 6 - 6 4 2 - 5 39*2 31*8 2G-O 2 2 1 2 0 - 2 

JL. Gr. W i n s t o n and H. C. J o n e s g a v e for the conduct iv i ty , A, and the computed 
percentage ionization, a. : 

4 8 32 128 512 1024 2048 4096 
o° 

25° 
35° 

o° 
25° 
35° 

86*30 104*53 130*03 162*34 188*46 200*21 214-48 229-73 
153-32 184-18 245OO 313*45 372-34 403*58 434*36 467-61 
199*10 243*55 3 1 9 1 5 393-62 465*10 504*31 543-02 5 8 6 1 6 

37*6 45-5 5GG1 70-7 8 2 1 87*2 93-3 lOO-O 
32*8 39*4 52*4 67*0 79*6 86*3 92*9 lOO-O 
34-3 4 2 0 5 5 0 67*9 80-2 86-9 93*6 lOO-O 

H . M. Vernon es t imated the degree of ionizat ion from the colour of the soln. 
K. Hopfgartner's s tudy of the transport numbers also led h i m t o assume tha t the 
chromic ion is surrounded b y a fairly large water sheath. F . L. S. Jones investi­
gated the formation of complex anions in aq. soln.—vide infra, chromic sulphate. 
T. Muxayasu studied t h e conduct iv i ty in soln. of the salt in glycine. N . Demass ieux 
and J . H e y r o v s k y found t h a t the polarization curve shows breaks at 0-7 and 1*35 
vo l t s , indicating t h a t the electrochemical reduct ion occurs in t w o stages : Cr"*"->Cr#\ 
and Cr***-->Cr. The presence of an acid does n o t exert any influence on the 
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deposition potential, and this is taken t o mean that H - i o n s do not enter into the 
electrolytic process. I t is also thought tha t the observations agree wi th the 
assumption that in cone. soln. the green chloride, [CrCl2(H2O)4]Cl.2H2O, is present ; 
and that in dil. soln. the violet form, [Cr(H2O)6]Cl2 , predominates ; and tha t i t is 
easier to reduce the green complex than is the case wi th the violet . 

According to E . Wiedemann, the atomic magnetism of chromium is about 42 , 
when that of iron in ferric chloride is 42 ; and the result is independent of the anion 
associated with the chromium. Similar results were obtained b y G. Jager and 
S. Meyer. Observations on the subject were also made b y E . Feyt i s , and 
R. H. Weber. E . Feyt i s gave for the mol. susceptibility 6181 X 10—« ; J . B . Elias, 
5920 X 10—6 ; and L. A. WeIo found the susceptibil ity to be 22-6 X IO""6 mass unit . 

The co-ordination theory of the constitution of the hydrated chromic chlorides, 
said I, JLoppel, findet ihre starkste Stutze in dem, verschiedenen Verlialten der CMorid-
losungen bei der Falliing unit Silberion ; and A. B . Lamb and G. R. Fonda added that 
the application of the theory to the hydrated chromic chlorides is " perhaps the 
most striking exemplification of A. Werner's theory of molecular structure." 
The evidence lacks that decisive proof which would make the alternative hypotheses 
—e.g. the hydrolysis theory of their const i tut ion—untenable. E . M. Peligot , and 
S. M. Jorgensen found that in the soln. of the dark green chloride two-thirds of the 
total chlorine is precipitated as silver chloride from newly prepared soln. ; 
G. N . Wyrouboff said that five-sixths is so precipitated ; while A. Werner and 
A. Gubser observed that at 0°, about one-third of the chloride is so precipitated— 
actually the amounts precipitated were rather greater than one-third. If the soln. 
are allowed to stand in contact with the silver salt, all the chlorine is ul t imately 
precipitated as chloride. R. F . Weinland and A. K o c h tnen showed that , using 
various silver salts as precipitants in the presence and in the absence of free acids, 
the proportion of chlorine precipitated depends on the nature and quant i ty of the 
particular silver salt employed. In the absence of acids, all the silver salts precipi­
ta ted at least two-thirds of the chlorine as chloride ; the presence of nitric acid 
diminished the proportion of precipitable chlorine ; whereas silver salts of the weak 
acids-—e.g. acetic, lactic, nitric or sulphuric acid—immediately precipitated all the 
chlorine. Silver salts of the strong acids—e.g. nitric, chloric, perchloric, or per­
manganic acid—did not precipitate all the chlorine as chloride, and the presence of 
strong acids suppressed the precipitation even more. A. Piccini also found t h a t 
silver fluoride, like silver acetate, precipitated all the chlorine as chloride. H e also 
found that a soln. of the dark green hexahydrate in ethyl alcohol or acetone gives 
up all i ts chlorine to an alcohol or acetone soln. of silver nitrate, whereas, with 
methy l alcohol soln., the results approximate to those obtained with water. J. Olie 
pointed out that R. F . Weinland and A. Koch used at least 3 eq. of silver salts and 
found at least two-thirds of the chlorine was precipitated ; and he obtained similar 
results even with only 2-11 eq. of silver salt. J. Olie showed that the reaction 
[ ^ r 9 ^ 2 ^ 2 ^ ^ ^ * 2 ^ 2 ^ ^ > [ C r ( H 2 O ) 6 ] C l 3 is retarded or paralyzed b y strong acids or 
H"-ions ; and he explained the fact that whilst the silver salts of strong acids preci­
pi tate only part of the chlorine, and silver salts of the weak acids precipitate nearly 
all the chlorine, owing to the removal of H*-ions b y the silver salts of the weak acids. 
The action of neutral salts, such as sodium and ammonium nitrates on precipitation 
b y silver nitrate, is sl ight with small concentration, but a large amount of these 
salts greatly increases the proportion of chlorine thrown down. Strong acid at first 
cause a decrease in the proportion of chlorine precipitated until in certain con­
centrations only one eq. is affected ; more cone. soln. cause an increase in the 
amount precipitated. Weak acids have a much smaller effect. The great effects 
of strong acids and neutral salts when present in considerable concentration is 
at tr ibuted to a direct exchange of the chlorine in the posit ive nucleus for other 
groups. A. B . L a m b said t h a t the retarding action of the H"-ions on the isomeric 
change can be explained b y assuming t h a t one stage of the process involves the 
hydrolysis of the dark green chromic salt, say, [ C r C l 2 ( H 2 O ) 4 ] H - C r + O H ' + H ' 
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^ [ C r C l 2 ( H 2 O ) 4 ] O H - J - H " + C l ' . T h e ch lor ine in. t h e c e n t r a l g r o u p m a y also b e 
d i sp laced b y a n a n a l o g o u s p rocess of ion iza t ion . A t equ i l i b r i um, t h e cone , of 
t h e b a s e 1WiIl b e d i r ec t ly p r o p o r t i o n a l t o t h e cone , of t h e O H ' - i o n , a n d c o n s e q u e n t l y 
also w i t h w a t e r in excess , i nve r se ly p r o p o r t i o n a l t o t h e cone , of t h e H"-ion ; a n d 
if t h i s h y d r o l y z e d p r o d u c t b e t h e c o m p o u n d w h i c h passes i n t o t h e v io le t f o r m b y a 
s low reac t ion , t h e co lour c h a n g e will b e p r o p o r t i o n a l t o t h e cone , of t h e O H ' - i o n , 
a n d inverse ly a s t h e cone , of t h e H"-ion. H e n c e t h e r e t a r d i n g a c t i o n of H*-ions 
on t h e colour c h a n g e , a n d p r e c i p i t a t i o n . T h e a c i d i t y of t h e [Cr(H2O)6]*""-ion w a s 
f o u n d b y J . N . B r o n s t e d a n d C. V. K i n g t o b e g o v e r n e d b y t h e i o n i z a t i o n : 
[Cr(H20)6]"**^F^H*H-[Cr(OH)(H20)5]", a n d t h e v a r i a t i o n of t h e ion iza t ion c o n s t a n t , 
K9 w i t h t h e cone , is i n a g r e e m e n t w i t h log K=log Ka—Zb\/fx9 where /JL is t h e 
ionic s t r e n g t h ; Ka, t h e ac id i on i za t ion c o n s t a n t ; a n d Z, t h e v a l e n c y of t h e ion. 

N . B j e r r u m m e a s u r e d t h e degree of h y d r o l y s i s of soln. of ch romic chlor ide from 
p o t e n t i a l of t h e h y d r o g e n e l ec t rode i n t h e cell H 2 | CrCl3 8 0In . ,KCleat. soln. 
ca lomel e lec t rode . A s s u m i n g t h a t CrCl3-+ H 2 O = C r C l 2 ( O H ) H - H C l , or m o r e s imply , 
Cr""' + H 2 O = C r ( O H ) " + H " , t h e h y d r o l y s i s c o n s t a n t J^=[H"][Cr(OH)"] / [Cr"*"] . 
A t 25° i t w a s f o u n d t h a t for t h e soln. of t h e d a r k g reen sa l t K v a r i e d f rom 3*25 X 10~~6 

t o 4-3 X 10~ 6 , a n d i t is less m a r k e d t h a n is t h e case w i t h t h e soln. of t h e v io le t sa l t 
—vide infra. J . Olie a lso o b t a i n e d a s imi la r conc lus ion w i t h r e s p e c t t o hyd ro ly s i s 
b y s h o w i n g t h a t iodine is m o r e r a p i d l y s e p a r a t e d f rom a m i x t u r e of p o t a s s i u m 
iod ide a n d i o d a t e ( 5 : 1 ) b y soln. of t h e v io le t s a l t t h a n is t h e case w i t h soln. of t h e 
g reen sa l t . A . B . !Lamb a n d Gr. R . F o n d a o b t a i n e d for t h e h y d r o l y s i s c o n s t a n t 
i C = l - 8 x l O ~ ^ t o 2 - 0 x l 0 " ~ 6 c a l cu l a t ed f rom t h e c o n d u c t i v i t i e s of soln . i n different 
p r o p o r t i o n s of h y d r o c h l o r i c ac id , a n d f rom t h e r a t e of t r a n s f o r m a t i o n : 
[Cr (H 2 O) 4 Cl 2 ]C l -^ [Cr (H 2 O) 6 ]C l 3 . J . S a n d a n d F . G r a m m l i n g s t u d i e d t h e g r a d u a l 
h y d r o l y s i s of t h e g reen sa l t b y s o d i u m h y d r o x i d e . O b s e r v a t i o n s were a lso m a d e 
b y H . G. D e n h a m , a n d G. v a n P e l t . 

H . d e S e n a r m o n t h e a t e d a n a q . soln. of c h r o m i c ch lor ide in a sea led t u b e a n d 
o b t a i n e d c h r o m i c ox ide . Acco rd ing t o H . Lowel , a soln . of t h e g reen ch lor ide in 
t h r e e t o five t i m e s i t s w e i g h t of w a t e r , deve lops h y d r o g e n w h e n t r e a t e d w i t h 
g r a n u l a t e d z inc in t h e a b s e n c e of a i r . A b lue soln . of c h r o m o u s ch lo r ide is fo rmed . 
If t h e soln. b e acidified, t h e z inc a c t s m o r e q u i c k l y . T h e soln . s lowly depos i t s t h e 
c h r o m i u m a s oxych lo r ide . I r o n does n o t r e d u c e t h e c h r o m i c ch lor ide , b u t i t fo rms 
h y d r o g e n a n d c h r o m i u m o x y c h l o r i d e . If t h e soln. b e bo i led w i t h t i n , in t h e 
absence of air , h y d r o g e n is deve loped b u t t h e soln. r e m a i n s green , a n d on cooling 
c rys t a l s of t i n ch lo r ide a r e depos i t ed . 

A . de l C a m p o o b t a i n e d c h r o m i c tr iaquotrichloride, [CrCl 3 (H 2 O) 3 ] , b y t h e ac t ion 
of h y d r o g e n ch lor ide on a soln. of t h e g r een ch lor ide , [C rC l 2 (H 2 O) 4 ]CLH 2 O, a t 90° 
t o 100°, u n d e r p r e s s . 

A . H i e n d l m a y r p r e p a r e d c h r o m i c fluopentamminodichloride, [Cr (NH 3 J 5 F]Cl 2 , 
b y t h e a c t i o n of hyd roch lo r i c ac id o n a soln. of t h e c o r r e s p o n d i n g f luor ide. A n aq . 
so ln . of t h e yel low, four-s ided p l a t e s g ives n o p r e c i p i t a t e w i t h p o t a s s i u m ferri-
c y a n i d e , b u t if a c e t o n e b e a d d e d t h e r e is a g r een p r e c i p i t a t e ; hydrofluosi l icic ac id 
g ives n o p r e c i p i t a t e ; a n d s o d i u m p i c r a t e g ives a ye l low p r e c i p i t a t e cons is t ing of 
fine need les . 

The blue, greyish-blue, or violet hexahydrate, CrCl3 .6H2O.—This salt was 
o b t a i n e d b y A, R e c o u r a b y h e a t i n g a 50 p e r c e n t . soln . of t h e d a r k g reen chlor ide 
for s o m e m i n u t e s a t 80° , a n d t h e n t r e a t i n g i t w i t h h y d r o g e n ch lor ide a t 0°, w h e n 
c r y s t a l s of t h e v io le t h e x a h y d r a t e s e p a r a t e o u t . A . W e r n e r a n d A. G u b s e r used a 
s imi la r p rocess , bo i l ing t h e soln. for a n h o u r before t r e a t m e n t w i t h h y d r o g e n chlor ide 
a t 0 ° . H . W . B . K o o z e b o o m a n d J . Olie sa id t h a t t h e p r e c i p i t a t i o n of t h e violet 
s a l t b y pas s ing h y d r o g e n ch lo r ide i n t o soln. of t h e g reen sa l t p r ev ious ly h e a t e d t o 
100° is possible , because a t t h e l a t t e r t e m p , t h e g reen s a l t r ap id ly passes i n t o t h e 
v io le t s a l t w i t h wh ich i t a s s u m e s a s t a t e of equ i l i b r i um, a n d t h e reverse change is 
s low e n o u g h t o a l low t h e p r e c i p i t a t i o n of t h e v io le t s a l t a t a t e m p , where t h e g reen 
s a l t is t h e s t ab l e s t a t e . A . de l C a m p o a n d co-workers o b t a i n e d t h e h e x a - a q u o -
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chlor ide b y t h e ac t ion of h y d r o g e n chlor ide o n a soln. of t h e v io le t s u l p h a t e a t a l ow 
t e m p . G. O. Higley passed h y d r o g e n chlor ide i n t o a filtered soln. of 250 g r m s . of 
c h r o m e a l u m in 1000 c.c. of cone , hydroch lo r i c ac id a n d 250 c.c. of w a t e r a t 10° -15° . 
T h e c rys ta l s were dissolved in w a t e r a n d aga in p r e c i p i t a t e d w i t h h y d r o g e n ch lor ide , 
a n d freed from t h e green i somer b y wash ing w i t h ace tone . N . B j e r r u m u s e d t h e 
following process : 

Hydrogen chloride was passed into a soln. of 40 grms, of enneahydrated chromic nitrate 
in 40 grms. of water a n d 40 c.c. of 38 per cent , hydro chloric acid, cooled b y running water . 
The precipitate w a s -washed o n asbestos w i t h fuming hydrochloric acid, m i x e d w i t h 3O c.c. 
of cone, hydrochloric acid and again precipitated w i t h hydrogen chloride. T h e mother-
liquor was decanted from the crystals . T h e crystals were then washed w i t h acid-free 
acetone, and dried over sulphuric acid in v a c u o . The yie ld w a s 24-5 grms. theoret ical 
26*7 grms. 

Analyses in a g r e e m e n t w i t h t h e fo rmula CrCl 3 . 6H 2 O were m a d e b y A. W e r n e r 
a n d A. Gubser , a n d K. F . W e i n l a n d a n d A. K o c h — A . R e c o u r a gave C r C l 3 . 6 J H 2 O . 

T h e colour of t h i s fo rm of ch romic chlor ide r anges 
f rom g r e y t o viole t . Accord ing t o J . Olie, t h e y 
form six-sided, monocl in ic p r i s m s — R . F . W e i n l a n d 
a n d A. K o c h a d d e d t h a t lozenge-shaped p l a t e s a r e 
r a r e . W . Bi l t z a n d E . B i r k g a v e 1-800 for t h e 
sp . gr . a t 25°/4° ; a n d 148-1 for t h e mol . vo l . 
J . Olie found t h e m . p . of t h e v io le t fo rm t o b e 95° , 
a n d t h e m . p . cu rve of m i x t u r e s of t h e v io le t a n d 
d a r k green forms is s h o w n in F i g . 76 . T h e n a t u r a l 
m . p . — 1 0 . 57, 5—of t h e g reen form is 83°, b u t t h a t 
t e m p , rea l ly r ep re sen t s a m i x t u r e of t h e g reen 
form w i t h 36 pe r cen t , of t h e v io le t ch lor ide . B y 
ex t r apo l a t i on , t h e m . p . of t h e g reen chlor ide is 
over 90°. T h e sa l t c an be slowly h e a t e d t o 100° 

in v a c u o w i t h o u t me l t ing . Un l ike t h e d a r k green sal t , t h e v iole t ch lor ide loses 
n o w a t e r w h e n confined over su lphur ic ac id a t o r d i n a r y t e m p . S. A o y a m a 
a n d co-workers s t u d i e d t h e X - r a y a b s o r p t i o n a n d cons t i t u t i on . E . F e y t i s 
found t h e m a g n e t i c suscep t ib i l i ty t o be 22-2 X 1 0 ~ 6 m a s s u n i t ; a n d R . H . W e b e r 
m a d e obse rva t i ons on t h i s sub jec t . A. W e r n e r a n d A. Gubse r found t h a t t h e 
v io le t sa l t is m o r e hygroscopic t h a n t h e d a r k g reen sa l t ; i t is easi ly so luble 
in w a t e r . As in t h e case of t h e d a r k green sal t , t h e solubi l i ty , S p e r cen t . , of 
t h e v io le t ch lor ide a t 25° g r a d u a l l y increases w i t h t i m e owing t o i t s passage i n t o 
t h e g reen i somer . After a m a x i m u m of 72*22 pe r cen t , h a s b e e n a t t a i n e d , t h e r e 
follows a s low s e p a r a t i o n of t h e green sa l t (where t h e d a t a a re supe r sc r ibed 
w i t h a n as te r i sk) : 

288 hours. 
70-01 per cent . 
46-39 
53-61* „ 

A . R e c o u r a g a v e 12-02 CaIs. for t h e h e a t of soln. pe r mo l ; a n d for t h e h e a t of for­
m a t i o n ( C r C l 3 . 6 H 2 O ) - 1 8 - 6 CaIs. J . Olie e s t i m a t e d t h e h e a t of t r a n s f o r m a t i o n 
f rom t h e d a r k green i somer t o b e —2*66 CaIs. N . B j e r r u m found t h a t t h e v io le t 
s a l t passes i n t o t h e g reen fo rm p a r t i c u l a r l y if mo i s tu re b e p r e sen t , J . Olie f o u n d 
t h e v io le t sa l t t o b e a l m o s t inso luble in abso lu t e a lcohol ; whe reas A . W e r n e r a n d 
A . G u b s e r sa id t h a t i t is easi ly so luble in alcohol , a n d insoluble in a c e t o n e . The 
b e h a v i o u r of t h e sa l t o n d r y i n g ; on t r e a t m e n t wi th silver n i t r a t e ; a n d the, con ­
d u c t i v i t y of i t s a q . soln. a r e t a k e n t o b e in a g r e e m e n t w i t h t h e a s s u m p t i o n t h a t t h e 
vio le t s a l t is chromic hexaquotrichloride, [Cr(H 2 O) 6 ]Cl 3 , w i t h n o m a s k e d ch lor ine 
a t o m s . Li. A . WeIo g a v e 22-4= X 10—6 m a s s u n i t s for t h e m a g n e t i c suscep t ib i l i ty . 

A q . soln. of t h e v io le t h e x a h y d r a t e a r e v io le t ; a n d H . Lowel , a n d A. R e c o u r a 
o b t a i n e d t h e v io le t so ln . b y a d d i n g b a r i u m ch lor ide t o a soln. of t h e v io le t s u l p h a t e . 

F i a . 76. Melt ing-point Curve 
of t h e !Dark Green and Violet 
C r C l 3 . 6 H 3 0 . 

T i m e . 
# 
V i o l e t . 
G r e e n . 

* 
6 1 - 9 9 
9 8 - 4 7 

1-53 

4 - 5 
6 3 1 9 
96-7O 

3 - 3 0 

2 4 
6 3 - 8 8 
9 1 - 5 4 

8 - 4 6 

4 8 
6 6 1 6 
8 3 - 3 7 
1 6 - 6 3 

9 6 
7 0 - 6 8 
6 9 - 1 1 
3 0 - 8 9 

1 2 0 
7 2 - 2 2 
62-2O 
3 7 - 8 0 * 

2 1 6 
6 8 - 9 5 
5 4 - 6 3 
4 5 - 4 7 * 

3 9 7 
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A. R e c o u r a obse rved t h a t if h y d r a t e d c h r o m i c ox ide be p r e c i p i t a t e d f rom t h e g reen 
soln. , a n d t h e n d issolved in hyd roch lo r i c acid, a v io le t soln . is o b t a i n e d . J . OHe 
o b t a i n e d t h e v io le t soln. b y a d d i n g a lka l i sa l t s t o t h e g r een soln. , or b y s h a k i n g t h e 
g r e e n soln. w i t h b a r i u m c a r b o n a t e , a n d dissolving t h e ge l a t inous h y d r a t e d c h r o m i c 
ox ide in ac ids . J . Olie, a n d N . B j e r r u m found t h a t t h e ve loc i ty of t r a n s f o r m a t i o n 
of t h e g reen i n t o t h e v io le t soln . is f a v o u r e d b y a h igh degree of h y d r o l y s i s of t h e 
soln. ; a n d A. B . L a m b o b s e r v e d t h a t s o d i u m a c e t a t e acce le ra ted t h e t r a n s f o r m a t i o n 
f rom g reen t o v io le t soln. , whi le A . R e c o u r a , a n d L . Godefroy showed t h a t ac ids 
r e t a r d t h e t r a n s f o r m a t i o n , a n d N . B j e r r u m found t h a t n i t r a t e s f avour t h e g reen 
ch lor ide . V. V. KurilofE o b s e r v e d t h a t t h e t r a n s f o r m a t i o n f rom green t o v io le t 
soln. is f a v o u r e d b y e x p o s u r e t o l i gh t . T h e r e a p p e a r s t o b e a s t a t e of equ i l i b r ium 
b e t w e e n t h e g reen a n d v io le t h e x a h y d r a t e s in a q . soln. w h i c h is slowly a t t a i n e d . 
T h u s , a t 25°, J . Olie found t h a t w i t h a g r een soln. of t h e p e r c e n t a g e c o n e , C, t h e 
p e r c e n t a g e p r o p o r t i o n s of t h e t w o h e x a h y d r a t e s in t h e soln. w h e n equ i l ib r ium is 
a t t a i n e d , a r e 

C . 3 3 9 - 7 0 2 2 * 7 2 34-7O 5 0 1 9 5 7 - 5 7 68-5O p e r c e n t . 
V i o l e t . 1 0 0 9 3 - 1 9 5 - 1 87* 1 6 8 - 7 GO 4 2 - 5 
G r e e n . 0 6-9 4*9 12*9 31*3 4O 5 7 - 5 

T h e s a m e s t a t e of equ i l i b r i um is a t t a i n e d if a v io le t soln. b e u sed , for in t h a t case 
t h e v io le t sa l t s lowly passes i n t o t h e g reen sa l t u n t i l e q u i l i b r i u m is a t t a i n e d . I t will 
be obse rved t h a t t h e m o r e d i lu t e t h e soln. , t h e g r e a t e r t h e c o r r e s p o n d i n g p r o p o r t i o n 
of v io le t sa l t for t h e e q u i l i b r i u m s t a t e . R a i s i n g t h e t e m p , r e su l t s in a n increase in 
t h e p r o p o r t i o n of g r een sa l t . T h u s , a t 84° , 

O . . 5 3 - 7 5 5 - 8 6 0 - 8 8 0 - 2 5 p e r c e n t . 
V i o l e t . . 68* IO 4 8 - 5 1 4 8 - 1 5 3 7 - 3 5 
G r e e n . . 3 1 * 9 0 5 1 * 4 9 5 1 - 8 5 6 2 - 6 5 

T h e speed of t h e t r a n s f o r m a t i o n w a s m e a s u r e d b y N . B j e r r u m b y m e a s u r i n g 
t h e c h a n g e in t h e e lec t r ica l c o n d u c t i v i t y o r t h e c h a n g e in t h e vo l . of t h e soln. ; 
a n d A. Heydwe i l l e r , b y m e a s u r i n g t h e c h a n g e in t h e c o n d u c t i v i t y , a n d in t h e sp . gr . 
of t h e soln . I . K o p p e l , a n d A. W e r n e r a n d A. G u b s e r f o u n d t h a t t h e ve loc i ty of 
t r a n s f o r m a t i o n increases w i t h t h e dec reas ing c o n e , a n d w i t h inc reas ing t e m p . 
T h u s , w i t h soln. c o n t a i n i n g a m o l of c h r o m i c ch lor ide in 125 l i t res of w a t e r , t h e 
m o l a r c o n d u c t i v i t i e s /x m h o , a f te r t h e e lapse of different pe r i ods of t i m e , were 

T i m e 0 2 6 1 0 2 2 3 2 3 7 5 m i n a . 

(M . . . 1 1 0 - 9 1 3 4 - 8 1 6 6 1 1 8 1 - 3 2 1 1 - 9 2 2 5 - 4 3 0 7 - 4 m h o s . 

a t 25°, a n d a t 0° , c h a n g i n g t h e u n i t f rom m i n u t e s t o h o u r s , 

T i m e . O 0 - 5 6 1 8 2 4 7 3 8 8 l i r s . 
/x . 5 6 - 6 6 0 - 0 8 1 - 2 1 0 6 - 6 1 1 5 - 9 1 4 9 - 7 3 6 4 - 2 m h o s . 

a n d A. Heydwe i l l e r g a v e for soln. w i t h 0-427 a n d 0-853 mols of t h e green sa l t pe r 
l i t r e , 

T i m e O 7 12 2 0 4 0 6 1 1 5 3 m i n . 
/ 0 - 4 2 7 . 4 2 - 7 5 5 7 - 8 1 6 2 - 3 3 65*60 6 7 - 5 3 6 7 - 6 7 — m h o s . 

M \ 0 - 8 5 3 . — 7 9 - 8 5 84*3 8 9 - 0 9 6 0 9 8 0 9 9 - 7 

N . B j e r r u m f o u n d t h e r e s u l t s d id n o t ag ree w i t h t h e ve loc i ty e q u a t i o n for 
m o n o m o l e c u l a r r e a c t i o n s ; b u t t h e r e su l t s were b e t t e r r e p r e s e n t e d b y veloci ty 
e q u a t i o n s for t w o consecu t ive , b imolecu la r r eac t ions , o n t h e a s s u m p t i o n t h a t t h e 
r e a c t i o n invo lves t h e s equence of c h a n g e s : [Cr (H 2 O) 4 Cl 2 ]Cl -^ [Cr (H 2 O) 5 Cl]Cl 2 
—>[Cr(H20)©]Cl3. If as, y, z r e spec t ive ly d e n o t e t h e c o n c e n t r a t i o n s of these t h r ee 
sal ts , then dx/dt——Ai1O?, a n d dx/dt—Iczy. I t w a s found t h a t a t 25°, AJ1-O-0O272 
-r-O-0000162/s, and* Ic2,=(31/*+0-005/^2) 1 O - 7 , w h e r e * d e n o t e s t h e cone, of free 
h y d r o c h l o r i c ac id . F o r soln . w i t h M mols of d a r k g reen ch romic chlor ide , t h e 
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p e r c e n t a g e convers ion , se, a t t h e t i n i e t m i n u t e s , is as follows. W i t h M—0008 a t 
1° i n a q . soln. , 

Time 
sc 

20 
2-5 

8O 
8-3 

F o r i!kf=0-00322 a t 25° i n a q . soln. , 

Time 2 
15-7 

6 
30-8 

F o r M=0-01074 a t 25° in a q . soln . , 

Time . 
SC 

3 
13-9 

9 
27-9 

890 
38-8 

30 
61-3 

30 
49-1 

1490 
32-9 

90 
82-0 

9O 
69-6 

4430 
80-1 

12O 
86-6 

180 
81*2 

oo rains. 
100-0 m h o s . 

2IO m i n s . 
93-9 m h o s . 

oo m i n s . 
100*0 m h o s . 

T h e a d d i t i o n of ch lor ides d isp laces t h e e q u i l i b r i u m : Cr(H2O)6 ' " ' -+-3Cl ' 
^ [ C r C J ( H 2 0 ) 5 ] * ' + 2 C l ' + H 2 0 ^ [ C r C l 2 ( H 2 0 ) 4 ] * 4 - C r + 2 H 2 0 , in a c c o r d w i t h t h e l a w 
of mass ac t ion , n a m e l y , f rom left t o r i gh t . F o r M=O-QlOOl a t 25° in t h e p re sence 
of 0-010OiV-NaCl, 

Time 
sc 

3 
13-9 

9 
27-9 

33 
51-4 

68 
65-2 

451 
9 4 O 

1564 mins* 
99-9 m h o s . 

Simi lar ly , hydroch lo r i c ac id f avour s t h e g reen chlor ide , 
in t h e presence of 0-0102OiV-HCl, 

F o r M = 0 - 0 0 9 6 5 a t 25° 

Time 2O 
3-8 

60 
11-4 

100 
18-0 

29O 
38-4 

2754 
76-7 

7140 m i n s . 
94-5 m h o s . 

T h e effect of t e m p , is v e r y p r o n o u n c e d — b e t w e e n 1° a n d 25°, kx increases 4-8 t i m e s 
pe r 10°, a n d Jc29 4 t i m e s . M. E . B a l d w i n also s t u d i e d t h e effect of n e u t r a l ch lor ides 
on t h e t r a n s f o r m a t i o n , a n d found t h a t t h e h y d r o g e n - i o n cone , of c h r o m i u m ch lor ide 
soln . is inc reased b y t h e presence of n e u t r a l ch lor ides , a l t h o u g h t h e t o t a l a m o u n t 
of ac id h y d r o g e n r e m a i n s c o n s t a n t . W h e n t h e sa l t s a r e a r r a n g e d in o rde r of 
inc reas ing effect, t h e following series is o b t a i n e d : (KCl, N H 4 C l ) , NaCl , LiCl, BaCl 2 . 
I . K o p p e l found t h a t in alcoholic soln. , t h e t r a n s f o r m a t i o n increases w i t h d i l u t i on 
a n d w i t h t e m p . W i t h a mo l of t h e s a l t in 214-36 l i t r es of a lcohol a t 0° , 

Time 
SC 

12 
5-71 

18 
7 1 5 

24 
8-32 

42 
10-99 

a n d w i t h a mo l of t h e sa l t in 273-9 l i t res of a l coho l a t 0° , 

Time 
SC 

10 
2-88 

30 
5-47 

81 
8-50 

141 
9-95 

95 
14-79 

231 
10-95 

oo m i n . 
16-8O m h o s . 

oo m i n s . 
11-25 m h o s . 

N . B j e r r u m found t h a t t h e r e is a m a r k e d c o n t r a c t i o n in vol . as t h e g reen soln . 
passes i n t o t h e v io le t soln. ; a m o l of t h e g reen sa l t p e r l i t re , a t 25°, changes t h e 
s p . gr . of t h e soln. f rom 1-125 t o 1-139 as i t passes i n t o t h e v io le t . T h e s p . gr . of 
soln. of t h e v iole t h e x a h y d r a t e h a v e n o t been d i rec t ly d e t e r m i n e d , a l t h o u g h s o m e 
o b s e r v a t i o n s of A. H e y d w e i l l e r g a v e a p p r o x i m a t e va lues—v ide infra. F o r t h e 
effect of t h e v io le t s a l t on t h e c r i t ica l soln. t e m p , of some b i n a r y m i x t u r e s , vide 
supra, t h e d a r k g reen sa l t . E x p r e s s i n g cone , b y t h e n u m b e r of g r a m s of t h e s a l t , 
C r C l 3 . 6 H 2 0 , in 100 g r m s . of wa te r , Gr. M a r c h e t t i found for t h e lower ing of t h e f .p . , 

CrCl3-OH3O . 
F . p . 

0-9698 
— 0-240° 

2-2345 
— 0-0520° 

5 0 0 4 6 
— 1*195° 

8-1770 
— 2-100° 

12-5039 
— 3-560° 

a n d t h e c a l c u l a t e d v a l u e s for t h e mo l . w t . r a n g e f rom 60-7 t o 81-6. A . W e r n e r 
a n d A* G u b s e r a lso o b t a i n e d mol . w t s . 74-8 t o 79-1 f rom o b s e r v a t i o n s o n t h e f .p. 
T h e t h e o r e t i c a l v a l u e is 266-6, so t h a t i t is inferred t h a t t h e ion iza t ion of t h e s a l t 
fu rn i shes 4 ions* F . J o s t o b t a i n e d m o l . w t s . of 54-7 a n d 60-3 f rom t h e b . p . of so ln . 
of t h e v io l e t ch lo r ide in m e t h y l a lcohol . A . R e c o u r a g a v e for t h e t h e r m a l v a l u e 
of t h e r e a c t i o n CrClS v i o iet s o l n . + 3 N a O H 9 0 I n . = C r ( O H ) 3 + 3 N a C l + 2 2 - 2 CaIs. , and 



CHROMIUM 3 8 5 

0 ° 
0OOOO22 
1-5 
3 - 8 

2 5 ° 
0 0 0 0 0 9 8 
3-1 

26-7 

5 0 ° 
00OO34 
5-7 

43-7 

7 5 ° 
O 0 0 1 0 3 
9-6 

62-3 

100° 
0 0 0 2 6 4 

15-O per cent . 
7 7 4 

the precipitated hydroxide g ives a blue soln. in hydrochloric acid and develops 
20-7 CaIs. The absorption spectrum of the soln. was discussed in connection with 
tha t of the dark green hydroxide, and there is a broad red absorption band in 
addit ion t o the bluish-green band. N . Bjerrum gave for the molar electrical 
conduct iv i ty , /JL mho, of aq. w i th M mols of salt per litre, a t 25°, 

M . 0-00097 0 0 0 1 9 5 0 0 0 3 9 0 0 0 0 7 7 9 0 0 1 5 5 9 0 0 3 1 1 8 
fL . 457*7 420*5 384*6 3 5 3 1 324-6 295-2 

Measurements were also made b y A. Werner and A- Gubser, A. Heydweil ler , 
L*. G. Winston and H. C. Jones , and E . J . SchaefEer and H. C. Jones . 
A. W . Speransky also found that the conduct iv i ty of the v io let soln., at 25°, is 
yu,25o==324-5 when t h a t of the green soln. under similar conditions is/tA25°=126. This 
is taken to prove t h a t the violet salt furnishes more ions per mol than is the case 
wi th the green salt . F . Jos t found for the conduct iv i ty of the v io let salt in methy l 
alcohol, 

M . . 90*99 59*77 3 2 - 1 2 2 5 - 3 9 16*87 
/A . . 9 7 - 7 9 0 - 1 78*7 7 4 - 1 67*7 m l i o s . 

K. Hopfgartner found the transport numbers for v io let chromic chloride in 1-00, 
0-32, and 0-075 eq. soln. t o be respect ively 0*318, 0*357, and 0*414, or extrapolat ing 
t o zero concentration, 0-446. The mobil it ies of the ions are respect ively 53 , 49*5, 
and 46-3. These results indicate t h a t the chromic ion is probably surrounded b y 
a fairly large water sheath. N . Bjerrum found the constant of hydrolysis , as in 
the case of the dark green salt , and the percentage degree of hydrolysis , t o be : 

K . . . 
M y d r o l y s i s ) 0

0
0 ^ . £% 

A. B . L a m b and G. R. F o n d a gave i £ = l * 5 8 X 10~~4 a t 25°. N . Bjerrum's value was 
JK = 0 - 9 8 X 10~~4 a t 25°. H . G. Denham, and G. v a n Pe l t made observations on this 
subject , for the violet hexahydrate is intermediate bet ween the va lue for aluminium 
chloride K=0*14 X 1 0 ~ 4 , and the value for ferric chloride, 25 X I O - 4 . Observations 
were made b y J. N . Bronsted and K. Volqvartz . K. H . Gustavson found that 
the addit ion of progressive amounts of sodium chloride to soln. of chromic chloride 
causes an initial increase in the H*-ion cone, represented b y the value of pm, and this 
is followed b y a decrease wi th greater cone, of the sodium chloride. The latter effect 
is due t o the increase in cone, of the chromium salt b y hydrat ion of the sodium 
chloride. The former change is mos t marked in dil. soln. of lesser acidity. I t is 
supposed to be due to changes in the composi t ion of the internal sphere in the 
chrome complex, different modifications of the basic aquo-chromic chlorides 
exist ing analogous t o the normal chlorides [Cr(H2O)6]Cl3 , [Cr(H2O)5Cl]Cl2 , and 
[Cr(H2O)4Cl2]Cl. The addit ion of sodium chloride will favour the formation of 
compounds wi th chlorine co-ordinately attached, and the increase in chlorine ions 
is ev idenced b y decrease in the electric charges of the cation and by an increase, 
in 2>H> If sodium chloride is replaced b y magnes ium chloride, this effect is masked 
b y the greater hydrat ion tendency of the magnes ium salt. The point a t which 
precipitation occurs during addit ion of sodium hydroxide is not a function of p&, 
but is proportional t o the ratio of chlorine to chromium in the complex cation. 

J . Sand and F . Grammling measured the ve loc i ty wi th which the violet hexa­
hydrate liberates iodine from a mixture of potass ium iodide and iodate, and found 
the results to be in agreement wi th the assumption t h a t the molecule is Cr2Cl6 .12H2O, 
and n o t [Cr(H2O)6]Cl8 . H . W. Fischer found tha t the solubility of chromium 
hydroxide in an aq. soln* of greenr chromic chloride is no t directly proportional to 
the cone, of the latter. A basic chloride is probably formed. From a soln. of 
chromium hydroxide in aq. chromic chloride, the former cannot be precipitated 
either b y the addition of electrolytes or by the act ion of h e a t ; part of i t is supposed 

VOL. x i . 2 c 
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t o b e in soln. in t h e colloidal fo rm a n d p a r t in t h e fo rm of a c o m p o u n d c o n t a i n i n g 
chlor ine . C. R . C. T i chborne sa id t h a t , owing t o hydro lys i s , t h e green co lour of t h e 
ch romic sa l t s is d u e t o t h e fo rma t ion of bas ic sa l t s . T h e fac t t h a t t h e s imp le s t 
w a y t o c o n v e r t t h e green soln. i n t o a v io le t soln. is b y boi l ing ; t h a t t h e c h a n g e i n 
colour of t h e green soln. is a c c o m p a n i e d b y t h e l i be ra t i on of a n ac id , a n d t h e f ac t 
t h a t i ncomple t e p rec ip i t a t i ons w i t h si lver n i t r a t e ( and b a r i u m chlor ide) is a p r o p e r t y 
c o m m o n w i t h e l emen t s k n o w n t o b e colloidal, l ed H . T . S. B r i t t o n t o a s s u m e t h a t t h e 
g reen soln. c o n t a i n colloidal c h r o m i u m h y d r o x i d e i n wh ich t h e c a t i o n s of t h e 
colloidal e l ec t ro ly te cons is t of c h r o m i u m h y d r o x i d e a s soc ia t ed w i t h v a r y i n g 
a m o u n t s of ac id rad ic le . H e s h o w e d t h a t a t 18°, 0-0133-Z^-SoIn. of b l u e a n d g r een 
ch romic chlor ide h a v e r e spec t ive ly a n e.m.f. of 0-467 a n d 0-409 v o l t a g a i n s t t h e 
N-calomel e l ec t rode ; t h e H"-ion cone, a re 2 > H = 3 - 1 9 a n d 2-18 ; a n d t h e p e r c e n t a g e 
hydro lys i s 1-62 a n d 16-4. I n t h e e l ec t rome t r i c t i t r a t i o n w i t h s o d i u m h y d r o x i d e , 
p r ec ip i t a t i on b e g a n w h e n t h e e.m.f. were r e spec t ive ly 0-588 a n d 0-586 vo l t , w h e n 
2 ? H = 5 - 2 8 a n d 5-25 ; or w h e n 1-07 a n d 1-43 eq . of N a O H pe r eq . of Cr h a d b e e n 
a d d e d ; a n d p r e c i p i t a t i o n w a s c o m p l e t e w h e n 2-78 a n d 2-15 eq . of a lka l i h a d b e e n 
a d d e d . J . E . H o w a r d a n d W . H . P a t t e r s o n f o u n d t h a t t h e effect of t h e v io le t a n d 
g reen sa l t s on t h e cr i t ical soln. t e m p , of v a r i o u s m i x t u r e s is m u c h g r e a t e r t h a n 
wou ld b e t h e case if t h e difference in t h e g reen a n d v io le t sa l t s we re d u e t o t h e 
p resence of bas ic , colloidal agg rega t e s in t h e former . Colloids, per se9 h a v e u s u a l l y 
a v e r y smal l influence on t h e cr i t ica l soln. t e m p . A . W . R a l s t o n a n d J . A. W i l k i n ­
son found t h a t soln. of t h e green a n d v io le t sa l t s in l i qu id h y d r o g e n su lph ide a r e 
n o n - c o n d u c t i n g . 

A . R e c o u r a passed h y d r o g e n chlor ide i n t o a soln. of ch romic chlor ide for s o m e 
d a y s . T h e soln. t u r n s b r o w n a n d t h e n red , p r e s u m a b l y because of t h e f o r m a t i o n 
of a soluble complex CrCl 3 -^HCl. O n a d d i n g e the r , t h i s complex is p r e c i p i t a t e d in 
u n s t a b l e g reen needles . R . Schwarz a n d Gr. Meyer found t h a t whi le a n h y d r o u s 
ch romic chlor ide does n o t t a k e u p h y d r o g e n chlor ide readi ly , t h e v io le t h e x a -
h y d r a t e d chlor ide forms some complexes ; a n d t h e g reen sa l t [Cr (H 2 O) 4 Cl 2 ]Cl .2H 2 O 
fo rms some complex ch lorochromic acids a t —50°, n a m e l y te trachlorochromic acid, 
CrCl3.HC1.6-5H20, pentachlorochromic acid, CrCl3.2HC1.8-5H20, and hexachloro-
chromic ac id , CrCl3 .3HCl. 10-5H 2 O, as d a r k g reen c o m p o u n d s wh ich decompose 
w h e n h e a t e d . J . R . P a r t i n g t o n a n d S. K . T w e e d y o b t a i n e d i m p u r e t e t r a c h l o r o -
c h r o m i c acid , CrCl 3 .HCl .6H 2 O, as a p rec ip i t a t e b y slowly s a t u r a t i n g a t 0° a cone , 
soln. of d a r k g reen ch romic chlor ide m i x e d w i t h a n equa l vo l . of e t he r . I t is 
w a s h e d w i t h d r y e the r . 

T h e hyd ro lys i s of ch romic chlor ide former ly r e p r e s e n t e d b y C r C l 3 + H 2 O 
^ C r ( O H ) C l 2 - J - H C l ; C r ( O H ) C l 2 + H 2 O ^ C r ( O H ) 2 C l + H C l ; a n d C r ( O H ) 2 C H - H 2 O 
^ C r ( O H ) 3 + H C l , is n o w rep re sen t ed b y A. W e r n e r , a n d P . Pfeiffer a s invo lv ing t h e 
f o r m a t i o n of h y d r o x y l - c o m p o u n d s in t h e s tages : 

W i t h inc reas ing hydro lys i s , t h e H"-ion cone, of t h e soln. a lso increases . Acco rd ing 
t o N . B j e r r u m , w i t h ageing, or m o r e r a p i d l y w i t h h e a t i n g , t h e h y d r o x y l c o m ­
p o u n d s suffer a n i n t e r n a l c h a n g e p r o d u c i n g t h e so-called ol-salts, w h i c h i n c o n t a c t 
w i t h ac ids , a r e m o r e s t ab l e t h a n t h e h y d r o x y l sa l t s . T h e a c t i o n is r e p r e s e n t e d 
g r aph i ca l l y : 

2 [ ( H a O ) 4 C h r ^ g ] c i a ^ [ ( H a O ) 4 C r < g ^ / C r ( H 2 0 ) 4 ] c i 4 

so t h a t t h e mo lecu l a r vo l . of t h e sa l t in soln. increases a n d m a y a s s u m e t h e c h a r a c t e r 
of t h e colloid. W h e n a n ac id is a d d e d t o a h y d r o x y l c o m p o u n d some is c o n s u m e d 
in r e v e r s i n g t h e c h a n g e t o fo rm a n a q u o - c o m p o u n d [ C r — O H ] + H C l = [ C r . . . H 2 O ] C l , 
b u t w i t h a n ol -sa l t t h e first a d d i t i o n of ac id s imply increases t h e a c i d i t y of t h e soln . , 
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and thereafter gradually reforms the hydroxyl salt which then passes into the 
aquo- sa l t : 

[ (H a O) 4 Cr^g^ V >Cr(H 2 0) 4 ] c i 4 ->2 [ (H 2 0) 4 Cr^ g ^ ] C l 2 ^ 2[Cr(H 3O) 6] Cl8 

The resistance offered b y the different chromium complex salts t o this change 
depends on the nature of the complex radicles—chloride, sulphate, formate, oxalate , 
etc . W i t h longer ageing, or heat ing, a more drastic, irreversible, internal change 
occurs, which, according t o I>. Balanyi , results in the formation of oxy-salts , a 
change which makes the mother-l iquor more acidic, t h u s : 

[H2O4Cr X ^ y C r ( H a O ) 4 ] c i 4 ^ [ ( H 2 0 ) 4 C ^ < /
I g >

N ) Cr(H2O)4] 

- > [ (H a O) 4 Cr^g^Cr(H a O) 4 ] 

The resulting product is n o t a t tacked b y standing in contact w i th cold dil. hydro­
chloric acid. 

E . St iasny and O. Grrimm found t h a t the properties of chromic chloride soln. 
depend largely on whether the liquor is heated before being rendered basic, on the 
degree of basicity, on the heat ing or ageing after being rendered basic, and on 
ageing after heating. W h e n a basic chromium chloride soln. is boiled for 5 mins . the 
VB. value alters and only recovers after three days . I t also decreases on ageing unti l 
i t reaches 2-79 after four weeks ; the addit ion of hydrochloric acid postpones the 
*' ageing " effect. H e a t i n g before rendering the soln. basic causes chlorine t o 
enter the chromium complex , b u t there is no chlorine in the complex after the soln. 
has been rendered basic and aged for a short t ime. The boiling of the soln. before 
rendering i t basic encourages the formation of cc ol " compounds ; " ageing " has 
the same effect. Boi l ing is more effective in the formation of " ol " compounds 
and oxygen bridges after t h e liquor has been made basic than before. Heat ing 
increases the precipitat ion value bo th of normal and basic chromic chloride soln. 
owing to the formation of " ol " compounds which are less easi ly precipitable than 
the hydroxy-compounds . The heat ing effect is more pronounced wi th the more 
basic salts . Ageing diminishes the precipitation value of heated soln. of normal 
chloride which have n o t been heated, and of soln. of the basic sal t which h a v e been 
heated before and after rendering basic, b u t increases the va lue for basic soln. 
which have been boiled before rendering basic only . The diaiyt ic properties of 
the different types of chromium chloride soln. are a lmost the same, showing t h a t 
conversion into " ol " compounds does n o t result in the formation of large molecules 
unless the basic i ty exceeds 33 per cent . T. Murayasu found tha t the electrical 
conduct iv i ty of the soln. of chromic chloride is increased b y adding glycocoll . 
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§ 23. The Chromium Oxychlorides 
T h e hyd ro lys i s of ch romic chlor ide , a n d t h e f o r m a t i o n of some bas ic ch lor ides 

h a v e j u s t b e e n discussed. N . B j e r r u m 1 s t u d i e d t h e t i t r a t i o n of soln. of ch romic 
chlor ide w i t h s o d i u m h y d r o x i d e , a n d ca lcu la ted 
t h e H"-ion cone , f rom t h e p o t e n t i a l m e a s u r e ­
m e n t s . T h e r e su l t s w i t h 0 I i H - C r C l 3 a n d in­
creas ing p r o p o r t i o n s of 0-1275ifc£-NaOH, a t 17°, 
a r e i l l u s t r a t ed b y F i g . 77. W h e n t h e r e is less 
t h a n a mo l of s o d i u m h y d r o x i d e p e r m o l of 
ch romic chlor ide , t h e c u r v e is s t eep , a n d t h e 
soln. r e m a i n s c l e a r ; a s soon as a mol of N a O H 
h a s been a d d e d , ch romic h y d r o x i d e s e p a r a t e s , 
a n d t h e soln. b e c o m e s t u r b i d , a n d t he rea f t e r t h e 
H"-ion cone , increases slowly. So long a s t h e 
soln. r e m a i n s clear , t h e r eac t ion is t a k e n t o 
b e Or— + H O H = C r ( O H ) " + H ' for which t h e 
equ i l i b r ium c o n s t a n t K1=ICr(OH)*"][H']/[Cr"*"], 

t h e r e a f t e r t h e r eac t ion C r ( O H ) * ' + H O H = C r ( O H ) . , ' + H * se t s in , a n d for t h i s , 
l£ 2 [Cr{OH) 2 ' ] [H*]/ [Cr(OH) '"] ; a n d l a t e r on t h e r e is t h e r eac t ion C r ( O H ) ' - + - 2 H 2 O 
= C r ( O H ) 3 + 2 H \ for w h i c h / ^ 3 = [ H ' ] 2 / [ C r ( O H ) " ] . H e found for t h e hyd ro lys i s 
c o n s t a n t s of t h e g reen sa l t a t 25°, 3*8 X IO""6 ; a n d of t h e b lue sa l t a t 0° , 17°, a n d 
25° , K1 X 1 0 ± = 0 - 2 2 , 0-62, a n d 0-98 r e s p e c t i v e l y ; a t 0° a n d 17°, 2 r 2 X l 0 * = 0 - 0 0 2 5 
a n d 0-0059 respec t ive ly ; a n d JST3X 1 0 4 = 0 - 2 7 8 a n d 0-98 respec t ive ly . I t is h e n c e 
ca l cu l a t ed t h a t for 0-0IiWT-CrCl3 w i t h t h e a d d i t i o n of x mol s of 0-127SiV-NaOH, 
t h e soln . c o n t a i n s t h e following p r o p o r t i o n s of t h e h y d r o x y chlor ides : 

/•0 20 
£q. NaO/t'permol. CrCl3 

3-0 

F i a . 7 7 . — E l e c t r o m e t r i c T i t r a t i o n 
of S o l u t i o n s of C h r o m i c Ch lo r ide 
•with S o d i u m H y d r o x i d e . 

X 

CrCl 3 
C r ( O H ) O l 2 
C r ( O H ) 2 C l 
C r ( O H ) 3 . 

O 
92-5 

7-5 
O 
0 

0-215 
75-2 
22-9 

O l 
O 

0-553 
42-9 
52-3 

0-6 
0 

1 0 0 
9-8 

74-9 
5-5 
2 - 4 

1-51 
6*6 

57-3 
4 - 8 

20-5 

2-19 
2 - 4 

29-2 
3-5 

60-0 

2-96 
0 
1-2 
0 -7 

78-9 

I t i s a l so possible t o ca l cu l a t e for t h e t h e r m a l va lues of t hese products Cr(OH)Cl2 
+ H C l a a . = C r C l 3 a a . + H 2 0 + 9 6 0 0 ca l s . ; Cr (OH) 2 Cl+HCl a q = C r ( O H ) C l 2 + H 2 O + 8 0 6 0 
cals . ; a n d C r ( O H ) 3 + 2 H C l a q . = C r ( O H ) C l 2 + 2 H 2 O - f - l l , 6 0 0 cals . F r o m t h e first and 
third equat ion , C r ( O H ) 3 + 3 H C l a q . = C r C l 3 a < l . + 3 H 2 O + 2 1 , 2 0 0 cals., w h e n A. Recoura 
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found 20,700 cals . N . B j e r r u n i a lso a d d e d t h a t i t is p r o b a b l e t h a t s o m e po lymer ized 
bas ic chlor ides ex is t . O b s e r v a t i o n s on t h e e l ec t romet r i c t i t r a t i o n of t h e ch romic 
chlor ides were also m a d e b y J . S a n d a n d F . G r a m m l i n g , w h o infer red f rom t h e 
p o t e n t i a l of a h y d r o g e n e lec t rode , a n d t h e r a t e of l ibe ra t ion of iodine f rom a n iodide-
i o d a t e m i x t u r e t h a t t h e hydro lys i s of t h e b lue sa l t involves t h e b r e a k i n g d o w n 
of a d o u b l e d molecule : C r 2 ( H 2 O ) 1 2 + 2 H 2 0 ^ 2 C r ( H 2 0 ) 6 O H " + 2 H * , b u t 
N . B j e r r u m d i d n o t ag ree . H . G. D e n h a m o b t a i n e d a v a l u e for t h e hyd ro lys i s 
c o n s t a n t of t h e b lue sa l t tw ice a s g r e a t a s N . B j e r r u m . H . T . S. B r i t t o n found t h a t 
w i t h 0-0133.ZV-SoIn. 1-62 p e r cen t , of t h e v iole t , a n d 16-4 pe r cent , of t h e green sa l t 
w a s h y d r o l y z e d a t 18°. A. B . !Lamb a n d Gr. R . F o n d a ca lcu la ted t h e hydro lys i s con­
s t a n t of t h e g reen sa l t f rom c o n d u c t i v i t y d a t a t o b e 1-8 X 10""""*, a n d from t h e k ine t ics 
of t h e t r a n s f o r m a t i o n 2-0 X l O - 6 . T h e hyd ro lys i s c o n s t a n t for t h e v io le t sa l t 
ca l cu la t ed f rom t h e c h a n g e of c o n d u c t i v i t y w i t h cone , is l - 5 2 x l 0 ~ ~ 4 ; from t h e 
r a t e of t r a n s f o r m a t i o n of t h e green sa l t , 1*65 X 1 O - 4 ; f rom t h e r a t e of invers ion of 
cane-sugar , 1 -60x10-"* ; f rom t h e c o n d u c t i v i t y w i t h or w i t h o u t t h e add i t i on of 
hydroch lo r i c acid , 1 4 7 x l O ~ 4 , a n d w i t h t h e a d d i t i o n of sod ium a c e t a t e , 1-68 X 10~~4 

— m e a n v a l u e 1-58 X 10 ~4. 

A number of basic chlorides h a v e been reported b y A. J . B a c h a m p and others, but 
their chemical indiv idual i ty h a s n o t been establ ished. A. Moberg, for example , said 
t h a t CraOa .8CrCIa .24Pl20 is formed b y heat ing hydrated chromic chloride t o 120° ; H . Schiff 
regarded i t as chromic hydroxypentachloride, Cr 2 Cl 5 (OH) .4H 2 O. B y heat ing t h e hydrated 
salt to 150°, A. Moberg obta ined Cr2O3 .4CrCl3 .9H2O, which. H . Schifr regarded as chromic 
dihydroscytetrachloride, Cr a Cl 4 (OH) 2 . 2H a O, or chromium occy tetrachloride, Cr2O.Cl4 .3H2O ; 
E . M. Pe l igot obta ined the s a m e sa l t b y heat ing t h e h y d r a t e d chloride t o 200°, digest ing 
t h e product w i t h water , a n d dry ing i t a t 200° . H . Lowe l obta ined a similar product . 
B . Cabrera and S. P . de R u b i e s obta ined the salt in green a n d v io le t modifications and 
s tudied their magnet i c properties . V. K l e t z i n s k y said t h a t chromic oxydichloride, 
Cr4(OCl2)s» is formed b y evaporat ing t o dryness a soln. of potassixun chlorochromate in cone. 
hydrochloric acid. A. Moberg obta ined chro?nic oceychloride, Cr2O3-CrCl3, or CrOCl, b y 
heat ing the hydra ted chloride t o dull redness . H . Schiff obta ined the hydrate , 
Cr2O3 .CrCl8 .3H2O, or CrCl(OH)2 , chromic dihydroxy chloride, b y evaporat ing a soln. of 
chromic hydrox ide in chromic chloride ; and E . M. Pe l igot obta ined a similar product 
from a mix ture of a soln. of chromic chloride and alkali hydrox ide . J . M. Ordway treated 
6 mol s of chromic hydrox ide w i t h 2 mols of hydrochloric acid a n d obta ined 5Cr2O3.2CrCl3, 
w h i c h H . Schiff regarded as chromic heptahydroxy chloride, Cr2(OH)5Cl. I t w a s also obtained 
from a m i x t u r e of a m m o n i a and a soln. of chromic chloride. A . B e s s o n and L. F o u m i e r 
heated a mix ture of cliromiura tr ioxide a n d si l icon hydro trichloride in a sealed tube at 
100°, and obta ined a brown mass of chromium oxyheptachloride, Cr3OCl7. There are also 
N . Bjerrum's chromic hydroxypentaquodichloride, [Cr(H 2O) 5(OH)]Cl 2 , and his chromic 
dihydroscytetraqziochloride, [Cr(H 2O) 4(OH) 2]Cl , prev ious ly discussed. 

H . F . W e i n l a n d a n d W . F r i e d r i c h 2 o b t a i n e d w h a t t h e y called pyridinium 
tetrachlorohydroxychr ornate, C 5 H 5 N . C r C l 4 - O H 3 H 2 O , b y t h e ac t ion of cone, h y d r o ­
chlor ic ac id a n d p y r i d i n e on ch romic ac id . T h e sa l t forms r edd i sh -b rown leaflets 
or orange-yel low, h e x a g o n a l p l a t e s . T h e ana logous quinolinium c o m p o u n d was 
p r e p a r e d . T h e i n t e r e s t i ng f ea tu re a b o u t t he se sa l t s is t h a t t h e c h r o m i u m b e h a v e s 
a s if i t w e r e q u i n q u e v a l e n t , a n d t h e p a r e n t oxych lor ide is c h r o m i u m oxyte tra-
Chloride, CrOCl 3 . B y s a t u r a t i n g glacial ace t ic ac id w i t h h y d r o g e n chlor ide , 
a d d i n g c h r o m i u m t r iox ide , a n d t h e n a soln. of a lkal i ch lor ide in ace t ic ac id soln. , 
R . F . W e i n l a n d a n d M. F i e d e r e r o b t a i n e d po tass ium c h r o m i u m oxypentachloride , 
CrOCl 8 .2KCl , i n d a r k g a r n e t - r e d , r h o m b i c p r i sms . T h e oxid iz ing power of t h e sa l t 
g r a d u a l l y d imin i shes w h e n i t is k e p t i n a des icca tor . T h e co r re spond ing rubidium 
chromium oxypentachloride, CrOCl3.2RbCl; caesium chromium oxypentachloride, 
C r O O 3 . 2 N H 4 C l , a r e s imi la r ly p r e p a r e d . T h e c rys ta l l ine forms a re s imi lar t o those 
of t h e co r r e spond ing sa l t s of c o l u m b i u m a n d m o l y b d e n u m . T h e caesium sa l t is 
i s o m o r p h o u s w i t h CrOCl3 .2CsCL I t was supposed t h a t t he se p r o d u c t s a re sa l ts 
of q u i n q u e v a l e n t c h r o m i u m , a n d a s imi lar r e m a r k appl ies t o va r ious ana logous 
c o m p o u n d s p r e p a r e d b y F . Olsson—e.g. N(CH 3 J 4 CrOCl 4 ; N(C 2 H 2 )CrOCl 4 ; e tc . 

J . J . Berzel ius 3 d i scovered c h r o m i u m dioxydichloride, or chromyl chloride, 
CrO2Cl2, w h i c h he obtained b y d is t i l la t ion f rom a m i x t u r e of a c h r o m a t e , sod ium 
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chloride, and cone, sulphuric acid. H e thought t h a t i t was a higher chloride of 
chromium, but H. Rose proved t h a t i t conta ined oxygen . I t was also ana lyzed 
b y T. Thomson, P. Walter, and T. E . Thorpe, and these results, as well as t h e v a p . 
dens i ty determinations of J . B . A . D u m a s , P . Walter , E . Moles a n d L.. Gomez, a n d 
E . Carstenjen ; the f.p. determinat ions—vide infra—of R. E . Meyer a n d H . Best , 
and E . Moles and Lt. G o m e z ; and the b .p . determinat ions of E . Moles and Lt. Gomez, 
and G. Oddo and E . Serra are in agreement w i t h the formula just indicated. The 
chromium is assumed to be sexivalent . E* R. Darl ing compiled a bibl iography on 
the chemistry of chromyl chloride. G. Mazzaron said tha t the chlorides of silver, 
mercury, gold, and plat inum, and ant imony oxychloride g ive chlorine, n o t chromyl 
chloride -when treated wi th potass ium dichromate and sulphuric acid. F . Wohler, 
A. Vogel, P . Walter, H . Rose , E . Burcker, E . Moles and L. Gomez, and G. 3?rrera 
used modifications of this process : 3 K 2 C r O 4 + 6 N a C l - + - 1 2 H 2 S O 4 = 6 K H S O 4 
+ 6 N a H S O 4 + 3 C r O 2 C l 2 - + - 6 H 2 O . J. B . A . D u m a s used lead chromate ; potass ium 
dichromate was used b y T. Thomson. T. Thomson said t h a t a better y ie ld is 
obtained b y using fuming sulphuric acid : K 2 C r 2 O 7 + 4 N a C l + 3 H 2 S 2 O 7 — 2 C r O 2 C l 2 
+ K 2 S 0 4 + 2 N a 2 S 0 4 + 3 H 2 S 0 4 — b u t , added A. Etard, if the fuming acid be in excess , 
the chromyl chloride suffers some decomposi t ion : 6 C r O 2 C l 2 + 3 H 2 S 2 O 7 = 2 C r 2 ( S O 4 ^ 
+ 2CrO 3 +6Cl 2 -+ 3 H 2 O . H. Rose , and J. B . A . D u m a s said t h a t so much chlorine 
m a y be evolved that if the receiver is very cold, the product m a y solidify. P . Walter , 
and E . Cars tan j en purified the l iquid b y fractional dist i l lation for a number of t imes 
whereby the chlorine is g iven off first, and t h e n the chromyl chloride, while sulphuric 
acid remains in the retort. T. E . Thorpe purified the l iquid b y fractional distil­
lat ion in a current of carbon dioxide ; and E . Moles and L. Gomez repeatedly 
fractioned the product after ag i tat ion wi th mercury. According t o the P e r m u t i t 
A. G., an acid chloride, like chlorosulphonic acid, reacts wi th chromic acid or a 

•chromate in the presence of cone, sulphuric acid or other di luting agent which does 
not decompose chromyl chloride ; the acid anhydride-—sulphur tr ioxide w h e n 
chlorosulphonic acid is used—is converted into an acid chloride b y the introduct ion 
of hydrochloric acid, and then acts on fresh chromic acid. 

K. H e u m a n n and P. Kochl in, and H. Moissan obtained chromyl chloride b y the 
act ion of hydrogen chloride on dry chromium trioxide. W . Autenrieth treated 
chromium trioxide wi th 35 t o 40 per cent , hydrochloric acid, and obtained a 35 per 
cent, yield of chromyl chloride, the yie ld is reduced wi th more dilute acid unt i l 
w i th 20 per cent, hydrogen chloride, only chlorine is g iven off. H . Moissan also 
replaced the chromium trioxide wi th alkali or alkaline earth chromates ; and mois t 
chlorine can be used in place of hydrogen chloride at a t emp, of 150°. L. Henry 
passed hydrogen chloride into sulphuric acid with chromium trioxide in suspension ; 
a n d R. J . Meyer and H . Bes t suspended the chromium trioxide in glacial acetic 
acid ; while H . D . Law and F . M. Perkin heated a soln. of chromium trioxide, cone, 
sulphuric acid, and cone, hydrochloric acid. A. Geuther chlorinated the chromium 
trioxide by beating i t wi th anhydrous ferric or chromic chloride : 2 F e C l 3 + 3CrO8 
= F e 2 O 8 + 3 C r O 2 C l 2 ; H . SchifE, b y phosphorus pentachloride ; H . Erdmann, b y 
chloroform : 2 C H C l s + C r 0 3 + 0 2 = 2 C O C l 2 + H 2 0 + Cr0 2 Cl 2 ; A. Michael and 
A. Murphy, b y carbon tetrachloride in a sealed tube at 150°-175° ; and H . S. Fry , 
b y acety l chloride on a soln. of chromium trioxide in chloroform and acetic acid. 
A . Rosenst iehl treated chromates with pyrosulphuryl chloride ; and K. H e u m a n n 
a n d P . Kochl in used chlorosulphonic acid. E . M. Pel igot treated potass ium 
chlorochromate wi th sulphuric acid. H . Moissan found that mois t chlorine a t tacks 
uncalc ined chromic oxide at 440°, forming first chromic chloride which t h e n reacts 
w i t h the moisture forming chromyl chloride, and hydrogen chloride. The react ion 
is reversed a t a higher t emp. A t 440°, also, oxygen acts on chromic chloride, 
forming chromyl chloride. P . Pascal found that chromyl chloride is formed b y 
s lowly heat ing pentachromyl hexachloride. F. G. Nunez prepared chromyl chloride 
of a high degree of pur i ty for at . wt . determinations. 

T. T h o m s o n described chromyl chloride as a blood-red l iquid which appears 
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b l a c k b y ref lected l igh t . G. J . S t o n e y a n d J . E . R e y n o l d s f o u n d t h a t c h r o m y l 
ch lo r ide fo rms a ye l lowish- red v a p o u r r e sembl ing n i t rogen p e r o x i d e a n d E . Moles 
and L , G o m e z obse rved t h a t i t freezes t o fo rm pa le r ed , ac icu la r c r y s t a l s . T . T h o m s o n 
g a v e 1-913 for t h e specific grav i ty of t h e l iqu id a t 10° ; P . W a l t e r , 1-91 a t 21° ; 
T . E . T h o r p e , 1-961 a t 0° ; 1-92 a t 2 5 ° ; a n d 1-7578 a t t h e b . p . 115-9° ; a n d E . Moles 
a n d L . G o m e z , 2 0 5 1 5 t o 2-0528 a t —47°/4° ; 1-9582 t o 1-9591 a t 0°/4° ; a n d 1-9113 
to 1-9124 a t 25° /4° . J . B . A . D u m a s f o u n d t h e vapour densi ty (air u n i t y ) t o b e 
5-35 a t 127° a n d 5-69 a t 1 4 7 ° — w h e n t h e t h e o r e t i c a l v a l u e for CrO 2 Cl 2 is 5-35 ; 
P . W a l t e r f o u n d 5-9 a t 143-7° ; E . C a r s t a n j e n , 5-39 a t 200° ; a n d E . Moles a n d 
Li. Gomez , 5-31 a t 181°. H e n c e t h e v a p o u r is n o t d i s soc ia ted a t t h e s e t e m p . 
T . E . T h o r p e g a v e for t h e thermal e x p a n s i o n of u n i t vo l . a t 0° t o v vo l s , a t 0°, 
t ;= l+O-O 3 9586O0+O-O 5 lO7302+O-O 8 196203. R . j # Meye r a n d H . B e s t found t h a t 
the mol. wt., calculated from the depression in the freezing point of acetic acid, 
i s 208 t o 218-—the t h e o r e t i c a l v a l u e for CrO 2 Cl 2 is 155 . T h i s shows t h a t po lymer i ­
z a t i o n is t a k i n g p lace . E . Moles a n d L . G o m e z f o u n d 175 t o 189 w i t h t h i s so lven t ; 
153 t o 161 w i t h p h o s p h o r y l ch lo r ide ; 175-5 t o 241 wi th n i t r o b e n z e n e ; 185 t o 399 
w i t h e t h y l e n e d i b r o m i d e ; 91-8 t o 97-8 w i t h s t a n n i c b r o m i d e ; a n d 193 t o 215 
w i t h a n t i m o n y p e n t a c h l o r i d e . DiL soln. in n i t r o b e n z e n e a n d e t h y l e n e d i b r o m i d e 
show ion iza t ion , pass ing , w i t h inc reas ing c o n c e n t r a t i o n , i n t o a s soc ia t ion . G. O d d o 
a n d A . Casa l ino f o u n d for O-9694 a n d 2-4708 g r m s . of c h r o m y l ch lo r ide in 100 g r m s . 
of t h e c o m p l e x SO 3 . 2POCl 3 r e spec t ive ly 188 a n d 237 for t h e m o l . w t . — t h e o r e t i c a l 
155 . G. O d d o a n d E . Se r r a found f rom the ra i s ing of t h e boi l ing po int of soln. in 
b e n z e n e , a n d c a r b o n t e t r a c h l o r i d e , m o l . w t s . b e t w e e n t h o s e r e q u i r e d for t h e single 
a n d for t h e d o u b l e molecu le . E . Moles a n d L . G o m e z o b t a i n e d n o r m a l v a l u e s 
w h e n t h e r e su l t s a r e c o r r e c t e d 'for t h e vo l a t i l i t y of t h e so lu te—166-7 t o 170*6 w a s 
o b t a i n e d w i t h c a r b o n t e t r a c h l o r i d e , a n d 164 t o 172 w i t h c a r b o n d i su lph ide . 
E . B e c k m a n n p v e 55-0 for t h e ebul l i scopic c o n s t a n t — t h e m o l . r ise of t h e b .p .—of 
c h r o m y l ch lo r ide w h e n i t is u sed a s a s o l v e n t for m o l . w t . d e t e r m i n a t i o n s . E . Moles 
a n d L . G o m e z g a v e —96-5° for t h e m e l t i n g point ; a n d for t h e bo i l ing point P . W a l t e r 
g a v e 118° ; E . Ca r s t an j en , 117-6° a t 753 m m . ; H . D . L a w a n d F . M. P e r k i n , 118-5° -
116° ; T . E . T h o r p e , 115-9° a t 733 m m . a n d 116-8° a t 760 m m . ; a n d E . Moles 
a n d L». Gomez , 116-3° a t 760 m m . T h e b . p . , #° , a t different p ress . , p m m . , a r e : 

p • . 232-3 338-O 4 2 4 0 5 2 5 0 645-8 750-8 7 6 3 1 8 3 9 1 
B . p . . 79-4° 90-5° 97-4° 104-5° 1 1 1 0 ° 116-3 1 1 7 0 ° 120-4° 

T h e d a t a c a n b e r e p r e s e n t e d b y 0 = 5 3 - 6 3 + O 1 2 7 l 2 > —0-0O0O58^2 . M. B e r t h e l o t 
found t h a t t h e m o l . h e a t of so ln . i n 1OO p a r t s of w a t e r a t 8° is 16-67 CaIs. T h e 
absorpt ion s p e c t r u m of c h r o m y l ch lor ide w a s first e x a m i n e d b y W . H . Miller, 
H . Mayer , B . K a b i t z , R . R i t s c h l , a n d A. C. S. v a n H e e l . G. J . S t o n e y a n d 
-T. IS. R e y n o l d s f o u n d t h a t t h e a b s o r p t i o n s p e c t r u m shows o r a n g e ye l low a n d green 
l ines ; t h e y also o b s e r v e d t h a t , e x c e p t i n g a sma l l s t r i p in t h e red , t h e v a p o u r 
a b s o r b s al l t h e s p e c t r u m of a colour less flame. M. R . R e a d sa id t h a t c h r o m y l 
ch lor ide i m p a r t s a pa l e w h i t e l i gh t t o t h e colour less gas-f lame ; a n d E . G o t t s c h a l k 
a n d E . Drechse l a d d e d t h a t if t h e v a p o u r m i x e d w i t h o x y g e n be passed i n t o a non -
l u m i n o u s gas-f lame, t h e co lour is a p a l e r v io le t t h a n t h a t i m p a r t e d t o t h e flame b y 
p o t a s s i u m , a n d t h e flame s p e c t r u m s h q w s t h r e e v iole t , e i gh t green , one yel low, t h r e e 
o range- red , a n d t w o r e d l ines . A . C o r n u cou ld n o t find a n y regu la r i t i es in t h e 
s p e c t r a l l ines . A c c o r d i n g t o B . K a b i t z , l i qu id c h r o m y l ch lor ide abso rbs t h e whole 
v is ib le s p e c t r u m . 

J . W . Hi t to r f , a n d E . Moles a n d L . G o m e z f o u n d c h r o m y l chlor ide t o b e a non­
c o n d u c t o r of e lec t r i c i ty . E . Moles a n d L.. G o m e z f o u n d t h a t t h e mol . electrical 
conduct iv i ty is 5-05, 2-60, 1-38, a n d 0-96 m h o s w i t h soln. c o n t a i n i n g respect ive ly 
0-0323, 0-0724, 0-1398, a n d 0-2170 m o l of CrO 2 Cl 2 p e r l i t re of d r i ed n i t robenzene 
a t 25° . If t h e so lven t is n o t t h o r o u g h l y d r ied , t h e c o n d u c t i v i t y is t w o t o five t i m e s 
a s g r e a t , a n d i t inc reases w i t h t i m e . T h e m o l . c o n d u c t i v i t y decreases w i t h increas ing 
c o n c e n t r a t i o n , a n d t h e c u r v e s a r e pa ra l l e l w i t h t hose for t h e mo l . w t . of c h r o m y l 
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cli loride in t h e s a m e so lven t . P . W a l d e n found t h e dielectric Constant of t h e l i qu id 
t o b e 2-6 a t 20°. 

A . fitard said t h a t c h r o m y l ch lo r ide is v e r y s t a b l e if i t b e p r o t e c t e d f rom l ight , 
b u t in l igh t i t decomposes s lowly fo rming ch lor ine a n d a n ox ide o r oxych lo r ide of 
c h r o m i u m . F . Wohle r , a n d H . Q u a n t i n f o u n d t h a t c h r o m y l ch lo r ide is d e c o m p o s e d 
b y heat , for w h e n passed t h r o u g h a r e d - h o t t u b e i t furnishes c r y s t a l s of c h r o m i c o x i d e : 
2 C r O 2 C l 2 = C r 2 O 3 - K O + 2 C l 2 ; F . W o h l e r , t h a t a l i t t l e a b o v e 300° i t f o rms m a g n e t i c 
ch romic c h r o m a t e ; a n d T . E . T h o r p e , t h a t a t 180° t o 190°, i n a sea led t u b e , i t 
forms chlor ine a n d t r i c h r o m y l ch lor ide . If t h e v a p o u r of c h r o m y l ch lor ide , m i x e d 
w i t h d r y hydrogen , b e p a s s e d t h r o u g h a r e d - h o t t u b e , A . Scha fa r ik o b s e r v e d t h a t 
i t decomposes : 3 C r 0 2 C l 2 + 3 H 2 = 6 H C l + C r 2 0 3 . C r 0 3 ; a n d w h e n h e a t e d for a 
longer t i m e , c h r o m i c ox ide a n d o x y g e n a r e fo rmed . F . G o t t s c h a l k a n d E . Drechse l 
sa id t h a t a colourless gas-f lame c h a r g e d w i t h a m i x t u r e of h y d r o g e n a n d c h r o m y l 
ch lor ide b e c o m e s l u m i n o u s , a n d depos i t s c h r o m i c ox ide o n a co ld sur face p l a c e d i n 
t h e n a m e . J . B . A . D u m a s , a n d P . W a l t e r f o u n d t h a t w a t e r decomposes c h r o m y l 
chlor ide w i t h t h e d e v e l o p m e n t of m u c h h e a t fo rming a m i x t u r e of c h r o m i c a n d 
hydroch lo r i c ac ids . J . J . Berze l ius cal led t h e l i qu id chlorwasserstaffsaure Chromsaure, 
a p p a r e n t l y r ega rd ing i t a s a special c o m p o u n d , for i t w a s sa id t o be f o r m e d b y t h e 
ac t i on of hydroch lo r i c ac id on l ead or si lver c h r o m a t e a t t h e o r d i n a r y t e m p . T h e 
l iqu id is sa id t o dissolve gold, a n d H . Moser f o u n d t h a t w h e n w a r m e d ch lor ine is 
evo lved . A. fitard, a n d .T. !B. A. D u m a s o b s e r v e d t h a t c h r o m y l ch lor ide a b s o r b s 
chlor ine freely, a n d becomes a l m o s t solid ; H . W . B . R o o z e b o o m f o u n d t h a t t h e 
p r o p o r t i o n of chlor ine a b s o r b e d is d e p e n d e n t o n t h e p ress , a n d t e m p . I t inc reases 
r a p i d l y a s t h e t e m p , falls t o —26° so t h a t a t 760 m m . press . , a s a t . soln . c o n t a i n s 
a t 0° , 0-70 g r a m - a t o m s ; a t —14° , 1-24 ; a t —21° , 2-31 ; a n d a t — 26°, 3 0 0 . A t 
0° , t h e press . , *p m m . , of soln. w i t h iV-gram-a toms of chlor ine is : 

Cl . . 1-7O 1-40 1-30 1-20 104 0-91 
p • . 1302 1198 115O 1101 1016 923 m m . 

P . W a l t e r sa id t h a t c h r o m y l chlor ide dissolves iodine w i t h o u t be ing d e c o m p o s e d ; 
a n d R . W . E . M c l v o r sa id t h a t w h e n t h e m i x t u r e is dis t i l led, iod ine m o n o c h l o r i d e 
a n d t r i c h r o m y l chlor ide a re fo rmed. H . Q u a n t i n found t h a t d r y h y d r o g e n chloride 
r e a c t s w i t h c h r o m y l chlor ide a t a r e d - h e a t fo rming w a t e r , ch lor ine , a n d c h r o m i c 
oxide . J . B . A. D u m a s found t h a t su lphur decomposes c h r o m y l chlor ide w i t h a 
h iss ing noise ; K . T. K e m p , a n d W . Gregory obse rved t h a t a rose-coloured p o w d e r 
s e p a r a t e s poss ib ly ch romic ch lor ide ; a n d T . T h o m s o n a d d e d t h a t w h e n flowers 
of s u l p h u r is m o i s t e n e d w i t h i t , t h e m i x t u r e ign i tes a n d b u r n s w i t h a r e d f lame. 
K . T . K e m p found t h a t if hydrogen sulphide be p a s s e d i n t o c h r o m y l chlor ide , t h e 
vessel becomes ho t , h y d r o g e n chlor ide is evolved , a n d a green p o w d e r is f o r m e d 
w h i c h A. Vogel sa id is p r o b a b l y ch romic ox ide . K . T . K e m p also found t h a t if 
c h r o m y l chlor ide v a p o u r b e pas sed t h r o u g h a n a r r o w j e t i n t o t h e v a p o u r of su lphur 
monochlor ide , v iv id c o m b u s t i o n occurs , a n d a rose-coloured p o w d e r is fo rmed . 
K . H e u m a n n a n d P . K o c h l i n obse rved t h a t ch lorosulphonic acid d ecomposes 
c h r o m y l chlor ide ; a n d , as i n d i c a t e d a b o v e , a s imi lar r e m a r k appl ies t o p y r o -
sulphuric acid. 

A c c o r d i n g t o T . T h o m s o n , c h r o m y l ch lor ide in a m m o n i a solidifies w i t h b r i l l i an t 
i ncandescence t o fo rm a d a r k b r o w n m a s s , a n d w i t h a m o r e p ro longed a c t i o n on t h e 
r e s i d u e , A . S c h r o t t e r , a n d C. E . Ufer f o u n d t h a t c h r o m i u m n i t r i d e or a m i x t u r e 
of n i t r i d e a n d oxide is fo rmed. J . H e i n t z e obse rved t h a t w i t h a m m o n i a l a rge ly 
d i l u t e d b y air , t h e res idue , a f te r w a s h i n g , cons is ts of ch romic ox ide . S. R i d e a l 
r e p r e s e n t e d t h e r e a c t i o n w i t h d r y a m m o n i a , 3 C r O 2 C l 2 + 8 N H 3 = B N H 4 1 C l - I - N 2 
+ C r 2 O 3 - C r O 3 . V. T h o m a s f o u n d t h a t w i t h nitric oxide a n d c h r o m y l ch lor ide 
v a p o u r , a b r o w n m a s s of c h r o m i c dini troxylheptoxypentachloride , C r 6 C l 5 O 7 . 2 N O 2 , 
is f o rmed ; P . P a s c a l p r e p a r e d p e n t i t a h e x a c h l o r i d e b y t h e ac t i on of n i t r i c o x i d e — 
vide infra. J . B . A . D u m a s , a n d P . W a l t e r f o u n d t h a t c h r o m y l ch lo r ide exp lodes 
w i t h phosphorus , a n d l igh t is e m i t t e d a t t h e s a m e t i m e — t h e effect is p r o d u c e d b y 
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a d r o p of t h e l i qu id a n d a p iece of p h o s p h o r u s t h e size of a p i n ' s h e a d . T . T h o m s o n 
s a i d t h a t t h e p h o s p h o r u s m u s t b e m o i s t e n e d t o p r o d u c e t h e exp los ion ; w h e n d r y 
i t is w i t h o u t ac t ion , a n d t h e f lame of p h o s p h o r u s is e x t i n g u i s h e d in t h e v a p o u r of 
c l i r omy l ch lo r ide . A . Michael i s o b s e r v e d t h a t e ach d r o p of c h r o m y l ch lor ide a d d e d 
t o wefi-oooled phosphorus trichloride p r o d u c e s a h iss ing noise , i ncandescence , 
a n d s o m e t i m e s a n exp los ion : 4 C r 0 2 C l 2 + 6 P C l 3 = 4 C r C l 3 + 3 P O C l 3 + P C l 5 + P 2 0 5 . 
H . S c M S r e p r e s e n t e d t h e r e a c t i o n w i t h phosphorus pentachlor ide : 2CrO 2 Cl 2 
+4PCl 5 ====4POCl 3 +3Cl 2 +2CrCl 3 , a n d K . W e b e r , a n d A. W . C r o n a n d e r a d d e d t h a t 
some chromium phosphoctochloride, CrCl3.PCl5, is formed. H. S. F r y and 
J . I J . D o n n e l l y o b t a i n e d t h e c o m p l e x c h r o m y l p h o s p h o h e p t a c h l o r i d e , CrO 2 Cl 2 -PCl 5 , 
b y t h e a c t i o n of c h r o m y l ch lo r ide o n a d r y c a r b o n t e t r a c h l o r i d e soln. of p h o s p h o r u s 
p e n t a c h l o r i d e . W . T . C a s s e l m a n n s h o w e d t h a t phosphory l chloride r e a c t s in t h e 
co ld w i t h c h r o m y l ch lo r ide f o r m i n g a b l a c k s u b s t a n c e w h i c h decomposes a t 100° 
a s s y m b o l i z e d b y 1 0 P O C l 3 + 12CrO 2 Cl 2 = 1 8 C l 2 + 5 P 2 O 5 + 3 C r 2 O 3 + 6 C r C l 3 . E . Moles 
a n d Li. G o m e z f o u n d t h a t c h r o m y l ch lo r ide is so luble in p h o s p h o r y l ch lo r ide . 
H . S. F r y a n d J . L . D o n n e l l y f o u n d t h a t in soln. of d r y c a r b o n t e t r ach lo r ide 
p h o s p h o r u s t r i c h l o r i d e r e a c t s : 2 C r 0 2 C l 2 + 3 P C l 3 = - P C l 5 + 2 C r O C l . P O C l 3 , a n d t h e 
d e l i q u e s c e n t c h r o m i u m tr ioxyphosphotetrachlor ide r e a c t s w i t h w a t e r : CrOCLPOCl 3 
+ 2 H 2 0 = C r C l 3 + H C l + H 3 P 0 4 . O n ign i t ion , t h e c o m p l e x c h r o m i u m trioxytri-
chlor ide , CrOCl, o r Cr 2 O 3 -CrCl 3 is f o r m e d . W i t h p h o s p h o r u s tr ibromide , c h r o m i u m 
triozyphosphQdichlorotribromJde, 2 C r O C L P O B r 3 , is f o r m e d : 2 C r O 2 C l 2 + 3 P B r 3 
= 2 C r O C L P O B r 3 + P B r 3 C l 2 . W i t h phosphorus pentabromide , t h e c o m p l e x chromyl 
phosphodichloropentabromide, CrO2Cl2-PBr5, and chromium dioxyphosphochloro-
tr ibromide, C r O C L P O B r 3 , a r e p r o d u c e d ; w i t h p h o s p h o r u s tri iodide, t h e complex 
Chromyl phosphodichlorotr i iodlde , C r O 2 C l 2 - P I 3 , is f o rmed , a n d i t is d e c o m p o s e d 
b y w a t e r : 2 (Cr O 2Cl 2 . P I 3 ) + 4 H 2 O = 4 H C l + 4 H I + I 2 + 2 C r P O 4 ; a n d w i t h p h o s ­
phorus diodide, t h e c o m p l e x c h r o m y l phosphodicUor id i iod ide , C r O 2 C l 2 - P I 2 is 
f o r m e d : E . Moles a n d L . G o m e z f o u n d t h a t c h r o m y l ch lo r ide is so luble in 
antimony pentachloride, and in stannic bromide. 

J . B . A . D u m a s , a n d T . T h o m s o n f o u n d t h a t c a r b o n h a s n o a c t i o n on c h r o m y l 
ch lo r ide . J . H . Moure lo a n d A . G. B a n u s f o u n d t h a t t h e d r i e d v a p o u r of c h r o m y l 
ch lor ide m i x e d w i t h a i r does n o t r e a c t : 4CrO 2 Cl 2 + 4C + O 2 = 2 C r 2 O 3 + 4 C O C l 2 , b u t 
c h r o m i c ox ide is f o r m e d in t h e h o t p a r t of t h e t u b e a n d c h r o m i c ch lo r ide is depos i t ed 
in t h e cooler p a r t . I t is difficult t o g e t t h e c h a r c o a l free f r o m h y d r o c a r b o n s . T h e 
r e a c t i o n of a m i x t u r e of ch lo r ine a n d c h r o m y l ch lo r ide w i t h r e d - h o t c a r b o n is 
s y m b o l i z e d : 2 C r O 2 C l 2 + C l 2 + 4 C = 2 C r C l 3 + 4CO. C h r o m y l ch lo r ide in genera l a c t s 
a s a n ox id iz ing a n d c h l o r i n a t i n g a g e n t o n o r g a n i c c o m p o u n d s : a n d in m a n y cases 
t h e r e a c t i o n is v i o l e n t o r exp los ive . H . Q u a n t i n f o u n d t h a t w h e n a m i x t u r e of t h e 
v a p o u r of c a r b o n m o n o x i d e a n d c h r o m y l ch lo r ide is p a s s e d t h r o u g h a r e d - h o t t u b e , 
c h r o m i c ox ide a n d ch lo r ide a r e f o r m e d ; a n d if t h e c a r b o n m o n o x i d e be m i x e d w i t h 
ch lo r ine , a n d t h e t e m p , b e 500° t o 600° , c a r b o n d iox ide a n d c h r o m i c chlor ide a r e 
f o r m e d . P . P a s c a l o b t a i n e d c h r o m y l p e n t i t a h e x a c h l o r i d e b y r e d u c t i o n w i t h 
c a r b o n m o n o x i d e — v i d e infra. H . E r d m a n n , A . E m m e r l i n g a n d B . v o n !Lengyel, 
a n d H . Q u a n t i n s y m b o l i z e d t h e r e a c t i o n w i t h carbon tetrachloride : 2CrO 2 Cl 2 
+ 4 C C l 4 = 2 C r C l 3 + 4 C O C l 2 + 3 C l 2 . A t o r d i n a r y t e m p . G. O d d o a n d E . Ser ra , 
a n d E . Moles a n d L . G o m e z f o u n d i t t o be so lub le in c a r b o n t e t r a c h l o r i d e ; a n d 
H . J . M e y e r a n d H . B e s t a d d e d t h a t t h e r e is n o a c t i o n w i t h c a r b o n t e t r ach lo r ide ; 
a n d J . B . A . D u m a s , n o n e w i t h carbon disulphide, a n d E . Moles a n d L . Gomez 
f o u n d t h a t c h r o m y l ch lo r ide d issolves in t h i s l i qu id ; a n d A. lS t a rd found t h a t in a 
sea l ed t u b e c a r b o n d i s u l p h i d e r e a c t s fo rming a c o m p l e x m i x t u r e of p r o d u c t s ; a n d 
u n d e r s imi la r c o n d i t i o n s ch lo ro fo rm, w i t h c h r o m i c ac id a n d oxygen , furnishes 
c a r b o n y l ch lo r ide , h y d r o g e n ch lor ide , a n d c h r o m y l ch lo r ide ; H . E r d m a n n , a n d 
A . E m m e r l i n g a n d B . v o n L e n g y e l r e p r e s e n t e d t h e r e a c t i o n : 2 C H C l 3 + C r O 3 + O 2 
= 2 C O C l 2 + C r 0 2 C l 2 + H 2 0 . F . W o h l e r , a n d K . T . K e m p found t h a t e thy lene 
r e a c t s f o r m i n g e t h y l e n e ch lo r ide . E . Moles a n d L . Gomez found t h a t i t is soluble 
in ethylene dibromide, and in nitrobenzene* T. Thomson said t h a t turpentine is 
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inf lamed b y ch romyl chlor ide, while WOOd-spirit, camphor , a n d o l ive Oil a r e d e c b m -
posed ; F . Wohle r found t h a t indigo is n o t a c t e d u p o n . F . Woh le r , P . W a l t e r , a n d 
T . T h o m s o n observed t h a t w i t h a b s o l u t e a lcohol , e n o u g h h e a t is genera l ly evo lved 
t o p r o d u c e combus t ion , a n d m a y b e a n explos ion w i t h v io l en t p ro j ec t ion of t h e 
l iquids . R. J . Meyer a n d H . B e s t found t h a t a lcohol , e ther, a n d a c e t o n e r e a c t 
w i th incandescence ; benzene is s lowly a t t a c k e d , b u t to luene , o-xylene, pyridine, 
a n d quinoline a re v igorous ly a t t a c k e d . A. lStard s t ud i ed t h e r eac t i on w i t h ace t ic 
acid in a sealed t u b e a t 100°, a n d o b t a i n e d C r 2 0 7 { C r 2 ( C 2 H 3 0 2 ) 5 } 2 . 8 I I 2 0 . E . Moles 
a n d L . Gomez s tud i ed soln. in ace t ic ac id . T h e a l iphatic hydrocarbons , R . C H 3 , 
form t h e cor responding a l d e h y d e , R . C O . H , w i t h t h e f o r m a t i o n of t h e in t e r ­
m e d i a t e c o m p o u n d s : 

R C H / O . C r ( O H ) C l 2 /O .CrO.C l 

The reac t ions wi th a l ipha t ic h y d r o c a r b o n s , a n d va r i ous o t h e r organic c o m p o u n d s 
were s tud ied b y A. fitard, V . v o n R i c h t e r , P . F r i e d l a n d e r , E . Ca r s t an jen , 
G. G. H e n d e r s o n a n d co-workers , A. Hal le r , J . B r e d t a n d W . J age lk i , D . Spence 
a n d J . C. Gal le t ly , e t c . M a n y of t h e s e r eac t i ons a re d iscussed b y G. R o h d e , Das 
Ghromykhlorid und die JlSlard'sche Reahtion ( S t u t t g a r t , 1901). J . B . A. D u m a s , a n d 
P . Wal t e r found t h a t mercury is v io len t ly a t t a c k e d b y c h r o m y l chlor ide . 

Accord ing to E . Ze t t now, 4 when c h r o m y l chlor ide is dis t i l led from a m i x t u r e of 
po t a s s ium chlorochrornate a n d su lphur ic acid, t h e r e is also fo rmed a b r o w n m a s s 
which is s epa ra t ed from t h e c h r o m y l chlor ide, d issolved in w a t e r , a n d d r i ed . I t s 
compos i t ion cor responds w i t h chromyl tritadichloride, (Cr0 2 ) 3 Cl 2 . R . J . Meyer 
a n d H . B e s t r ep resen ted i t b y t h e fo rmula Cl .CrO.O.Cr0 2 .O.CrO.Cl . T . E . T h o r p e 
m a d e i t b y h e a t i n g ch romyl chlor ide in a sealed t u b e a t 180° t o 190° : 3CrO 2 Cl 2 
= C r 3 O 6 C l 2 + 2 C l 2 ; a n d R . W . E . McIvor , b y dist i l l ing t h e iodine monoch lo r ide 
f rom a soln. of iodine in ch romyl chlor ide : 3CrO 2Cl 2 + 212== 4 I C l + C r 2 O 2 C l 2 . 
P . Pa sca l m a d e i t b y h e a t i n g c h r o m y l p e n t i t a h e x a c h l o r i d e . T h e b lack a m o r p h o u s 
c o m p o u n d , said T. E . T h o r p e , is r educed t o chromic oxide w h e n h e a t e d t o a low 
t e m p , in h y d r o g e n ; a n d R . W . E . M c l v o r ob t a ined chromic oxide b y h e a t i n g i t i n 
air . According t o T. E . T h o r p e , a n d R . W . E . M c l v o r , w h e n exposed t o a i r t h e 
t r i t ad ich lo r ide del iquesces t o a r edd i sh -b rown s y r u p which smells of ch lor ine ; i t is 
freely soluble in w a t e r forming a d a r k b r o w n l iquid which gives ofT chlor ine ; a 
n i t r i c ac id soln. b e h a v e s as if i t con t a ined hypoch lo rous acid ; w i th hydroch lo r i c 
acid, i t forms a d a r k b r o w n soln. which , w h e n hea t ed , gives of? chlor ine a n d fo rms 
ch romic chlor ide ; -with a m m o n i a i t fo rms a m m o n i u m chloride a n d c h r o m a t e , a n d 
chromic c h r o m a t e ; and , accord ing t o S. G. R a w s o n , i t is scarcely soluble in c a r b o n 
d isu lphide , b u t forms r ed soln. w i t h alcohol , a n d e the r . 

Accord ing t o P . Pasca l , chromyl penti tahexachloride, (Cr0 2 ) 5 Cl 6 , is f o rmed w h e n 
n i t r ic oxide is passed i n t o c h r o m y l chlor ide, cooled in a b a t h of w a t e r ; h e a t is evo lved 
a n d a c rys ta l l ine p a s t e is formed, n i t rosy l chloride is evolved : 5 C r O 2 C l 2 + 4 N O 
= 4 N O C ] + (Cr0 2 ) 5 Cl 6 , w h e n t h e excess of ch romyl chloride is r emoved , in v a c u o a t 
100°, t h e r e r e m a i n s t h e p e n t i t a h e x a c h l o r i d e as a b r o w n crys ta l l ine p o w d e r of s p . g r . 
2-51. Ca rbon m o n o x i d e in sun l igh t c a n effect t h e same r educ t ion as n i t r i c ox ide . 
Un l ike c h r o m y l chlor ide, t h e p e n t i t a h e x a c h l o r i d e is s t rongly m a g n e t i c so t h a t t h e 
func t ion of c h r o m i u m in t h e ch romyl , Cr0 2 - r ad ic l e , a n d in t h e (CrO 2 ) 5 - radic le 
a p p e a r s t o be different. I n fact , chlor ine, which ac t s only above 150°, s lowly con­
ver ts t h e p e n t i t a h e x a c h l o r i d e b a c k t o c h r o m y l chlor ide . C h r o m y l p e n t i t a h e x a ­
chlor ide is de l iquescent , a n d read i ly dissolves in w a t e r t o a d a r k b r o w n soln. w i t h 
a n o d o u r of ch lor ine a n d t h e r eac t i ons of c h r o m i u m sal ts , ch romic acid , a n d h y d r o ­
chlor ic ac id . If s lowly h e a t e d t o 150°, c h r o m y l chloride is evolved, a n d if qu ick ly 
h e a t e d , ch lor ine only , t h e solid p r o d u c t in b o t h cases be ing t h e t r i t ad ich lo r ide , 
(Cr0 2 ) 3 Cl 2 . A b o v e 180° o x y g e n is evolved , l eav ing a n insoluble b rowni sh -b l ack 
re s idue of Cr 6 O 9 Cl 4 . T o w a r d s h y d r o g e n , h y d r o g e n su lph ide , e t c . , c h r o m y l s u b -
chlor ide a c t s a s a ch lo r ina t ing a g e n t a t low t e m p . , whi ls t a b o v e 200° i t s ac t ion is 

411 
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gene ra l ly a n oxidiz ing a s well a s a ch lo r ina t i ng one . Mois t gaseous a m m o n i a a c t s 
v e r y v io len t ly , t h e p r o d u c t s b e i n g a m m o n i u m chlor ide , o x y g e n , a n d t h e oxides 
C r O 2 a n d C r 2 O 3 . Gene ra l l y s p e a k i n g , however , c h r o m y l p e n t i t a h e x a c h l o r i d e is 
less r e a c t i v e t h a n c h r o m y l ch lo r ide . W h e n c h r o m y l p e n t i t a h e x a c h l o r i d e is sus ­
p e n d e d i n d r y e the r , a n d a c u r r e n t of s l igh t ly m o i s t a m m o n i a is p a s s e d t h r o u g h , 
n i t r o g e n is evo lved , a n d a m m o n i u m ch lo r ide a n d a b r o w n , a m o r p h o u s p r e c i p i t a t e 
r e m a i n . A m m o n i u m c h r o m a t e a n d c h r o m i u m c h r o m a t e a r e r e m o v e d f rom t h e 
p r e c i p i t a t e b y w a s h i n g , a n d t h e p a l e b r o w n , insoluble res idue w h e n d r i ed a t 90° 
h a s t h e c o m p o s i t i o n of a n exp los ive ammonium chromite, (NiH4O)6(CrO2)S-

Acco rd ing t o Gr. H e r f e l d t , 6 if eq . p r o p o r t i o n s of c h r o m i u m t r iox ide a n d c h r o m y l 
ch lo r ide a r e h e a t e d in a sea led t u b e a t 180°, i m p u r e ch lorochromic oxide , Cr 2 O 5 Cl 2 , 
o r (CrO 2 Cl) 2 O, is fo rmed . I t is sugges t ed t h a t i t is t h e a n h y d r i d e , C rO 2 Cl -O-CrO 2 CL 
of t h e h y p o t h e t i c a l chlorochromic acid, H C r O 3 C l , o r HO-CrO 2 Cl . T h e pa le r ed 
c o m p o u n d is sa id t o b e v e r y r e a c t i v e , for i t r e a c t s exp los ive ly w i t h a lcohol , py r id ine , 
a n d qu ino l ine . A n u m b e r of sa l t s , c h l o r o c h r o m a t e s , h a s b e e n p r e p a r e d . 
E . M . P e l i g o t , a n d S. L o w e n t h a l p r e p a r e d a m m o n i u m c h l o r o c h r o m a t e , (NH 4 )CrO 3 Cl , 
a s i n t h e case of t h e p o t a s s i u m sa l t . I t h a s t h e s a m e a p p e a r a n c e , b u t is m u c h 
m o r e so luble . S. Lrowenthal p r e p a r e d l i th ium c h l o r o c h r o m a t e , LiCrO 3Cl, f rom a n 
a q . soln . of c h r o m y l ch lor ide a n d l i t h i u m c h r o m a t e m i x e d w i t h ace t i c ac id . T h e 
ye l lowish- red c ry s t a l s a r e , a c c o r d i n g t o A. F o c k , monoc l in i c ; t h e y a r e eas i ly fused 
t o a r e d d i s h - b r o w n l iqu id ; a n d a r e freely so luble in w a t e r . E . M. P e l i g o t o b t a i n e d 
s o d i u m c h l o r o c h r o m a t e , N a C r O 3 C l . 2 H 2 O , b y a d d i n g s o d i u m chlor ide t o a cone . a q . 
so ln . of c h r o m y l ch lor ide ; Gr. P r a t o r i u s , b y a d d i n g c h r o m y l ch lo r ide t o a cone . soln . 
of s o d i u m c a r b o n a t e in c h r o m i c ac id , a n d a l lowing t h e m i x t u r e t o s t a n d some d a y s 
i n a des icca to r ove r cone , s u l p h u r i c ac id ; a n d A. D i t t e , b y a d d i n g s o d i u m chlor ide 
t o a soln. of c h r o m i c ac id . T h e d a r k redd i sh -ye l low, p r i s m a t i c c ry s t a l s , w h e n d r i ed 
b y press , b e t w e e n p o r o u s t i les lose w a t e r , a n d fo rm a n a m o r p h o u s , yel low m a s s . 
If k e p t i n a b a d l y closed vessel , w a t e r of c ry s t a l l i z a t i on is t a k e n u p aga in . T h e 
c o m p o u n d m e l t s b y t h e h e a t of t h e h a n d , a n d a t 110° loses ch lor ine , a n d w a t e r . 

E . M. Pe l i go t o b t a i n e d p o t a s s i u m c h l o r o c h r o m a t e , KCrO 3 Cl , b y boi l ing p o t a s ­
s i u m d i c h r o m a t e for a s h o r t t i m e w i t h a n excess of h y d r o c h l o r i c ac id , a n d cooling 
t h e l iqu id : K 2 C r 2 O 7 + 2 H C l = H 2 O + 2 K C r O 3 C l — i f boi led for t o o l ong a t i m e some 
c h r o m i c ac id is r e d u c e d ; h e also o b t a i n e d i t b y m i x i n g e q u i m o l a r p a r t s of p o t a s s i u m 
ch lo r ide a n d c h r o m i c ac id in a q . soln. , a n d a d d i n g h y d r o c h l o r i c a c i d — G . H e r f e l d t 
u s e d a s imi la r p rocess . E . M. Pe l igo t , a n d A. W e r n e r , t r e a t e d c h r o m y l chlor ide 
w i t h a s a t . soln . of p o t a s s i u m ch lo r ide : C r O 2 C I 2 + K C l + H 2 O - = 2 H C 1 + K C r O 3 C l ; 
A . D i t t e a d d e d p o t a s s i u m ch lor ide t o a h o t soln . of a n e q . q u a n t i t y of chromic 
ac id ; A . Michael is , b y t h e a c t i o n of p h o s p h o r u s t r i ch lo r ide o n p o t a s s i u m d i c h r o m a t e ; 
A . G e u t h e r a d d e d c h r o m y l ch lo r ide t o soln . of p o t a s s i u m c h r o m a t e in dil . ace t ic 
a c id : K 2 C r 0 4 + C r C l 2 0 2 = 2 K C r 0 3 C l ; a n d a l so v io le t c h r o m i c ch lor ide t o m o l t e n 
p o t a s s i u m d i c h r o m a t e , 3 K 2 C r 2 O 7 + 2 C r C l 8 = C r 2 O 3 + 6 K C r O 3 C l . If t h e t e m p , is 
t o o h igh , ch lor ine m a y b e g i v e n off. If t h e cold m a s s be d isso lved in w a t e r 
acidif ied w i t h ace t ic ac id , a n d e v a p o r a t e d , t h e excess of p o t a s s i u m d i c h r o m a t e first 
s e p a r a t e s o u t , a n d t h e n follows t h e p o t a s s i u m c h l o r o c h r o m a t e . L . V a r e n n e dis­
cussed t h e c o n s t i t u t i o n of t h e s e sa l t s , w h i c h a r e u s u a l l y r e p r e s e n t e d RO.CrO 2 .C l , 
o r a cco rd ing t o A. W e r n e r ' s s c h e m e : 

I OCrCl IR 

B . M. P e l i g o t sa id t h a t t h e s a l t f o rms r e c t a n g u l a r p r i s m s , t h e co lour of p o t a s s i u m 
d i c h r o m a t e ; a n d t h a t t h e s a l t is s t a b l e in a i r ; A . D i t t e f o u n d t h a t t h e sa l t furnishes 
ye l low needles w h i c h d a r k e n i n a i r ; a n d !R. J . M e y e r a n d H . Bes t , t h a t w h e n 
c rys t a l l i zed f rom ace t i c a c id soln. over s u l p h u r i c ac id , t h e sa l t is s t ab le . 
G. N . Wyroubof f g a v e for t h e ax i a l r a t i o s of t h e monoc l in ic p r i sms a : b : c 
= 0 - 9 6 5 3 : 1 : 1-0174, a n d £ = 9 0 ° 2 0 \ L». P l a y f a i r a n d J . P . J o u l e g a v e 2-49702 for 
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t h e s p . gr . a t 39°. J . H e i n t z e , a n d J . G. Gen te l e sa id t h a t w h e n h e a t e d t o 100° , 
t h e sa l t gives off chlor ine ; G. H e r f e l d t o b s e r v e d n o evo lu t ion of ch lor ine be low 
250°, a n d h e sa id t h a t e v e n af ter h e a t i n g a t 500° t o 600° for some h o u r s a b o u t 
8 p e r cen t , of chlor ine r e m a i n s i n t h e r e s idue . A . S t r e n g also f o u n d t h a t s o m e 
oxygen is g iven off. A. Schafar ik found t h a t t h e sa l t r ead i ly fuses t o a d a r k b r o w n 
l iquid w i th t h e evo lu t i on of ch lor ine a n d t h e f o r m a t i o n of c h r o m i c o x i d e . 
A. C. O u d e m a n s r ep re sen t ed t h e r e a c t i o n : 4 K C r O 3 C l = K 2 C r 2 O 7 - [ - C r 2 Q a + 2 K C l 
+ C l 2 + O 2 ; a n d A. D i t t e n o t i c e d t h a t a l i t t l e c h r o m y l ch lor ide is a lso fo rmed . 
IT. Morges m a d e some obse rva t i ons o n t h e e lectrolysis of soln. of t h e sa l t , A . D i t t e 
sa id t h a t t h e sa l t is n o t d e c o m p o s e d w h e n dissolved in w a t e r ; a n d F . Morges g a v e 
4-65 CaIs. for t h e h e a t of soln. in 488 mols of w a t e r . E . M. Pe l igo t f o u n d t h a t t h e 
e v a p o r a t i o n of t h e a q . soln . of t h e sa l t g ives p o t a s s i u m d i c h r o m a t e ; b u t w i t h di l . 
hydroch lor ic ac id t h e sa l t does n o t d e c o m p o s e ; w i t h cone , hyd roch lo r i c ac id , 
p o t a s s i u m chlor ide , ch romic chlor ide , a n d chlor ine a r e fo rmed . A . D i t t e also 
no t i ced t h e evo lu t ion of chlor ine w h e n t h e sa l t is t r e a t e d w i t h hyd roch lo r i c ac id . 
V. K le t z insky observed t h a t a v io le t m i x t u r e of p o t a s s i u m chlor ide a n d bas ic 
ch romic chloride, Cr 2 O 3 .2CrCl 3 —or poss ib ly p o t a s s i u m c h r o m i u m chlor ide , KCrCl 4 
—is formed b y e v a p o r a t i n g t h e soln. in cone, hyd roch lo r i c ac id . E . M. Pe l igo t 
found t h a t wi th cone, su lphur ic acid , c h r o m y l chlor ide is evo lved . H . Schiffi g a v e 
for t h e r eac t ion w i t h fused p o t a s s i u m s u l p h a t e : K 2 S O 4 + K C r O 3 C l = K C l 
+ K O . S 0 2 . O . C r 0 2 . O K ; a n d w i t h p o t a s s i u m h y d r o s u l p h a t e ; K H S O 4 + K C r O 3 C l 
= H C 1 + K O . S O 2 . 0 . C r O 2 . O K . J . H e i n t z e obse rved t h a t w i t h a m m o n i a , a m m o n i u m 
chlor ide , p o t a s s i u m ch romochro rna t e , e tc . , a r e formed, whi le A . L e i s t s a id t h a t t h e 
p r o d u c t s a re p o t a s s i u m a n d a m m o n i u m d i c h r o m a t e s , a m m o n i u m chlor ide , a n d 
ch romic ox ide . If t h e sa l t u n d e r e the r , freed f rom m o i s t u r e a n d a lcohol , b e t r e a t e d 
w i t h d r y a m m o n i a , c h r o m i u m a m i d o c h r o m a t e is fo rmed . A . N a u m a n n found t h e 
sa l t t o b e soluble in ace tone . J . H e i n t z e sa id t h a t t h e sa l t does n o t a c t o n e t h e r 
or benzene , b u t i t oxidizes alcohol , a n d ani l ine ; a n d a h o t cone . soln. of p o t a s s i u m 
cyan ide fo rms c y a n o g e n chlor ide a n d p o t a s s i u m c h r o m a t e . 

E . M. Pe l igo t r e p o r t e d c a l c i u m ch lorochromate , Ca(CrO 3 Cl) 2 .5H 2 O, t o b e fo rmed 
as in t h e case of t h e p o t a s s i u m sa l t ; b u t G. P r a t o r i u s cou ld o b t a i n i t on ly b y 
mix ing 10 g r m s . of ca lc ium c a r b o n a t e or a c e t a t e w i t h t h e t heo re t i c a l q u a n t i t y of 
solid c h r o m i u m t r iox ide , fo rming 30 c.c. of ace t ic a c i d — c o n t a i n i n g a n equa l p a r t 
of w a t e r a n d ch romic ac id—over t h e m i x t u r e a n d a d d i n g t h e ca l cu l a t ed q u a n t i t y 
of c h r o m y l ch lor ide . T h e reddish-ye l low l iqu id is w a r m e d on a w a t e r - b a t h , a n d 
t h e sa l t crysta l l izes o u t on cooling. T h e yel low, de l iquescen t sa l t m e l t s i n i t s w a t e r 
of c rys ta l l i za t ion a t 56°. G. P r a t o r i u s o b t a i n e d s t ront ium ch lorochromate , 
Sr(CrO 3 Cl) 2 . 4H 2 O, f rom a n ace t ic ac id soln. of s t r o n t i u m c h r o m a t e , c h r o m i u m 
t r iox ide a n d c h r o m y l ch lor ide . T h e ca rmine - r ed c rys ta l s m e l t w i t h o u t d e c o m ­
pos i t ion a t 72° ; t h e y lose w a t e r w h e n confined over su lphur i c ac id ; a n d t h e y fo rm 
a n o r a n g e l iqu id w i t h w a t e r . O n l y i m p u r e , orange-ye l low c rys t a l s of bar ium 
ch lorochromate we re p r e p a r e d b y G. P r a t o r i u s f rom glacial ace t ic ac id soln, of 
b a r i u m c h r o m a t e a n d c h r o m y l chlor ide ; b u t h e o b t a i n e d from t h e soln. a c o m p l e x 
with acetic acid, barium tetracetochlorochromate, Ba(CrOsCl)2 .4CH3COOH.2HaO, 
H e also o b t a i n e d yel low c rys ta l s of bar ium chlorochromatochlor ide , Ba(CrO3Cl)Cl, 
p r o b a b l y rhombic^ f rom t h e m o t h e r - l i q u o r r e m a i n i n g a f te r t h e s e p a r a t i o n of t h e 
p reced ing sa l t , t r e a t e d w i t h cone , ace t ic ac id on a w a t e r - b a t h . T h e hygroscop ic 
c rys t a l s a r e freely soluble in wa te r , a n d t h e yel low soln. w h e n w a r m e d depos i t s 
b a r i u m c h r o m a t e ; w h e n t h e sa l t is h e a t e d , c h r o m y l chlor ide is evo lved . If t h e 
m o t h e r - l i q u o r j u s t i n d i c a t e d be acidified w i t h dil . hydroch lo r i c acid , yel low, s ix-
s ided p l a t e s of t h e hydrate, Ba(CrO 3 Cl)CLH 2 O, a r e fo rmed . E . M. Pe l igo t , a n d 
S. L o w e n t h a l p r e p a r e d m a g n e s i u m ch lorochromate , M g ( C r 0 3 C l ) 2 . 9 H 2 0 , a s i n t h e 
case of t h e p o t a s s i u m sa l t , a n d G. P r a t o r i u s , f rom a soln. of m a g n e s i u m c a r b o n a t e 
in a n excess of ch romic ac id a n d di l . hyd roch lo r i c ac id . T h e redd i sh-ye l low, . 
hygroscop ic , r h o m b i c c rys t a l s m e l t in t h e i r w a t e r of c rys t a l l i za t ion a t 66° ; t h e y 
foriti t h e pentahydrate w h e n confined over su lphu r i c ac id ; a n d t h e y lose ch lor ine 



C H R O M I U M 3 9 9 

a n d w a t e r a t 135° t o 140° . T h e sa l t is freely soluble in w a t e r . Gr. P r a t o r i u s 
p r e p a r e d 2SUlC c h l o r o c h r o m a t e , Z n ( C r 0 3 C l ) 2 . 9 H 2 0 , as in t h e case of t h e m a g n e s i u m 
sa l t ; a n d S. L o w e n t h a l , f rom a cold, cone . soln. of z inc ch lor ide a n d c h r o m i c ac id 
acidified w i t h ace t i c ac id , a n d h e d r i ed t h e c rys t a l s on p o r o u s t i les . T h e r e d d i s h -
yel low, hygroscop ic , p r i s m a t i c o r t a b u l a r c r y s t a l s d e c o m p o s e ove r su lphu r i c ac id 
in a des icca to r , g iv ing off ch lor ine ; t h e y m e l t in t he i r w a t e r of c rys t a l l i za t ion a t 
37-5° ; t h e y lose s o m e w a t e r a n d ch lo r ine a t 100°. Chlorine is evo lved w h e n t h e 
s a l t is t r e a t e d w i t h l e a d ox ide . M. L a c h a u d a n d C. Lep ie r re p r e p a r e d i m p u r e 
tha l lous Chlorochromate , TlCrO 3Cl, f rom a soln. of t ha l lous chloride a n d c h r o m i c 
ac id in a l i t t l e w a t e r . T h e p r i s m a t i c c ry s t a l s a r e decomposed b y w a t e r i n t o 
t h a l l o u s ch lor ide a n d c h r o m i c ac id . L . Bourgeo i s fused a m i x t u r e of l ead 
c h r o m a t e a n d ch lo r ide a n d o b t a i n e d h e x a g o n a l p r i s m s of l ead d ichlorochromate , 
P b C l 2 - P b C r O 4 . W . J . Sell p r e p a r e d c h r o m i c h e x a c a r b a m i d o c h l o r o c h r o m a t e , 
[Cr(CON 2 H 4 )O](CrO 3 Cl) 2 -SH 2 O. G. P r a t o r i u s p r e p a r e d hygroscop ic , d a r k o range-
ye l low c r y s t a l s of coba l t ch lorochromate , Co(CrO 3 Cl) 2 . 9H 2 O, f rom a m i x e d soln. of 
c h r o m i c ac id , c o b a l t c a r b o n a t e a n d c h r o m y l ch lo r ide . T h e c rys t a l s m e l t in t he i r 
w a t e r of c ry s t a l l i z a t i on a t 40° w i t h o u t d e c o m p o s i t i o n ; a n d t h e y lose w a t e r on ex­
p o s u r e t o air . F o r cobalt ic h e x a m m i n o c h l o r o c h r o m a t e , [ C o ( N H 3 ) 6 ] C l ( C r 0 4 ) . n H 2 0 ? 
vide supra, t h e c h r o m a t e s . T h e c o r r e s p o n d i n g n i cke l c h l o r o c h r o m a t e , Ni(CrO 3 Cl) 2 . 
9 H 2 O , w a s o b t a i n e d b y G. P r a t o r i u s in a s imi l a r m a n n e r t o t h e c o b a l t s a l t ; t h e d a r k 
o r a n g e -ye How, hygroscop ic c r y s t a l s m e l t in t h e i r w a t e r of c rys t a l l i za t ion a t 46° 
t o 48° . 
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§ 24. The Chromium Ammines 
The animines of chromium were first obtained by E . Eremy 1 in 1858, and they 

were soon afterwards studied by P . T. Cleve, and then by J . Morland, A. Reinecke, 
and S. M. Jorgensen. A. Werner showed t h a t as in the case of the cobalt, and 
plat inum ammines, most of the chromium ammines fitted into the system based 
on his co-ordination theory—8. 49, 19. I . I . Chernyeff studied the inner structure 
of the chromium ammines. Extensive investigations on the chromium ammines 
have been made by P. Pfeiffer and his fellow-workers, and the following summary 
is based on his reports : 

A..-+-Compounds with one chromium, atom, in the nucleus. 
I.—The hexammine family, or compounds of the tervalent basic g roup : [CrA6]" ' . 

(i) Hexammines, [Cr(NII3) 6]X 3 . These salts are the so-called chromium 
luteosalts, studied by S. M. Jorgensen, A. Benrath, O. T. Christensen, 
W. R. L*ang and C. M. Carson, J . Meyer and L. Speich, H . J . S. King, 
P . Pfeiffer and S. Basci, L. A. WeIo, and P . Pfeiffer and M. Haimann, 
J . Petersen, O. Stelling, O. Hassel and G. B. Nsess, E . Wilke-Dorfurt 
and Co-workers, and A. Werner and A. Miolati. These salts include : 
(1) chloride and (2) its mercurichloride, and (3) chloroplatinate ; (4) 
bromide and (5) its bromoplat inate ; (6) iodide, and (7a) i ts sulphate, 
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a n d (76) s e l e n a t e ; (8) p e r c h l o r a t e ; (9) s u l p h a t e a n d (1O) i t s chloro-
p l a t i n a t e ; (11) n i t r a t e a n d (12) i t s c h l o r o p l a t i n a t e ; (13) d i n i t r a t o -
f l u o s u l p h o n a t e ; (14) p h o s p h a t e a n d (15) i t s s o d i o p y r o p h o s p h a t e ; 
(16) o x a l a t e a n d (17) i t s c h r o m i o x a l a t e , (18) i t s c o b a l t i o x a l a t e ; 
(19) c y a n i d e a n d (20) i t s c h r o m i c y a n i d e , (21) i t s f e r r i c y a n i d e ; (22) 
i t s c o b a l t i c y a n i d e ; (23) p i c r a t e ; (24) d i p i c r y l a m i d e ; (25) 2 : 4-
d i n i t r o - c t - n a p h t h o x i d e ; (26) 2 : 4 - d i n i t r o - a - n a p h t h o x i d e - y - s u l p h o n a t e ; 
(27) 2 : 3 : 6 - t r i n i t r o p h e n o x i d e ; (28) 1 : 2 - n a p h t h a q u i n o n e - l - o x i m a t e 
( l - n i t r o s o - ) 8 - n a p h t h o x i d e ) ; (29) 1 : 2 - d i h y d r o x y a n t h r a q u i n o n e ; (30) 
p i c r a m a t e , a n d (31) p e r m a n g a n a t e . 

(ii) jTrisethylenediamines, [Cr Cn3]X3-. T h e s e sa l t s were s t u d i e d b y J . Meyer 
a n d L . Spe ich , !L. A . WeIo , P . Pfeiffer, P . Pfeif ler a n d A. T r i e s c h m a n n , 
P . Pfeifler a n d M. H a i m a n n , a n d A . G-. B e r g h m a n . T h e y inc lude : 
(1) ch lo r ide ; (2) b r o m i d e ; (3) i o d i d e ; (4) n i t r a t e ; (5) s e l e n a t e ; 
(6) o x a l a t e , a n d (7) i t s c h r o m i o x a l a t e , a n d (8) c o b a l t i c o x a l a t e ; 
(9) c y a n i d e , a n d (1O) i t s c h r o m i c y a n i d e , a n d (11) c o b a l t i c y a n i d e ; 
(12) t h i o c y a n a t e , a n d (13) i t s c h r o m i t h i o c y a n a t e ; a n d (14) d i c h r o m a t e . 

(iii) Hexacarbarnides, o r heocaurea salts, [ C r ( N H 2 . C O . N H 2 ) e ] X 3 . W . J . Sell , 
M. K i l p a t r i c k , P . PfeifTer, A . W e r n e r a n d IX K a l k m a n n , Gr. A . B a r b i e r i , 
a n d J . M e y e r a n d Iu. Spe i ch , E . W i l k e - D o r f u r t a n d c o - w o r k e r s 
s t u d i e d t h e s e s a l t s , a n d r e p o r t e d : (1) t h e ch lo r ide , a n d i t s c o m p l e x 
(2) w i t h m e r c u r i c ch lo r ide , a n d (3) w i t h p l a t i n i c c h l o r i d e ; (4) b r o m i d e ; 
(5) p e r b r o m i d e ; (6) i o d i d e ; (7) p e r i o d i d e ; (8) c h l o r a t e ; (9) pe r ­
c h l o r a t e ; (1O) h e x a s u l p h i d e ; ( H ) s u l p h a t e ; (12) h y d r o s u l p h a t e : 
(13) c h l o r o s u l p h a t e ; (14) b r o m o s u l p h a t e ; (15) p e r b r o m o s u l p h a t e ; 
(16) i o d o s u l p h a t e ; (17) p e r i o d o s u l p h a t e ; (18) c h l o r a t o s u l p h a t e ; 
(19) p e r c h l o r a t e ; (20) p e r c h l o r a t o s u l p h a t e ; (21) p e r s u l p h a t e ; 
(22) n u o s u l p h o n a t e ; (23) s u l p h a t o f l u o s u l p h o n a t e ; (24) t h i o s u l -
p h a t e ; (25) s e l e n a t e ; (26) p e r i o d o c a r b o n a t e ; (27) n i t r i t e ; 
(28) s u l p h a t o n i t r i t e ; (29) c o b a l t i n i t r i t e ; (3O) d i a m m i n o t e t r a n i t r i -
t o c o b a l t i a t e ; (31) c h l o r o d i a m m i n o t e t r a n i t r i t o c o b a l t i a t e ; (32) n i t r a t e ; 
(33) s u l p h a t o n i t r a t e ; (34) c y a n i d e ; (35) t h i o c y a n a t e ; (36) fe r ro-
c y a n i d e ; (37) f e r r i c y a n i d e ; (38) n i t r o p r u s s i d e ; (39) m a n g a n i -
c y a n i d e ; (40) c o b a l t i c y a n i d e ; (41) c h l o r o n i c k e l o c y a n i d e ; (42) ch lo ro -
p l a t i n o c y a n i d e ; (43) h e x a t h i o c y a n a t o c h r o m i a t e ; (44) h e x a c y a n o -
c h r o m i a t e ; (45) f luos i l ica te ; (46) f l uobo ra t e ; (47) fluoboratosul-
p h a t e ; (48) c h r o m a t e ; (49) c h l o r o c h r o m a t e ; (50) d i c h r o m a t e ; 
(51) c h l o r o d i c h r o m a t e ; (52) b r o m o d i c h r o m a t e ; (53) p e r c h l o r a t o -
d i c h r o m a t e ; (54) d i s u l p h a t o d i c h r o m a t e ; (55) n i t r a t o d i c h r o m a t e ; 
(56) t e t r a f l u o b o r a t o d i c h r o m a t e ; (57) p e r m a n g a n a t e ; (58) s u l p h a t o -
p e r m a n g a n a t e ; (59) d i c h r o m a t o p e r m a n g a n a t e ; (60) o x a l a t e ; 
(61) p i c r a t e ; (62) n a p h t h a l e n e - 2 - s u l p h o n a t e ; (63) t o l u e n e s u l p h o n a t e ; 
(64) o - d i c h l o r o b e n z e n e s u l p h o n a t e ; (65) s u l p h a t o b e n z e n e s u l p h o n a t e ; 
a n d (66) d i f l a v i a n a t e - f l a v i a n a t e . E . W i l k e - D o r f u r t a n d R . Pf a u 
s t u d i e d t h e i s o m o r p h i s m of t h e p e r m a n g a n a t e , p e r c h l o r a t e , f l uobora t e , 
n u o s u l p h o n a t e , a n d i o d i d e . • 

(iv) Bisethylew^iaminopropylenediamines, [Cr e n 2 p n ] X 3 . T h e s e s a l t s w e r e 
s t u d i e d b y P . Pfeiffer, P . Pfeifler a n d H . P i e t s c h , a n d P . Pfeifler, 
T . G a s s m a n n . T h e y i n c l u d e : (1) b r o m i d e ; (2) i od ide ; (3) o x a l a t e 
a n d (4) i t s c h r o m i o x a l a t e , a n d (5) c o b a l t i o x a l a t e ; (6) c y a n i d e , a n d 
i t s (7) c h r o m i c y a n i d e , a n d (8) c o b a l t i c y a n i d e ; a n d (9) t h i o c y a n a t e . 

(v) Trispropylenediatnines, [Cr p n 3 ] X 3 . T h e s e s a l t s w e r e s t u d i e d b y P . Pfeifler 
a n d M. H a i m a n n , a n d P . Pfeif ler a n d T . G a s s m a n n . T h e y inc lude : 
(1) iocLide ; (2) c o b a l t i o x a l a t e ; (3) c h r o m i c y a n i d e ; (4) c o b a l t i c y a n i d e ; 
(5) t h i o c y a n a t e ; a n d (6) c h r o m i t h i o c y a n a t e . 

(vi) Aquopentammirt43s9 [ C r ( N H j ) 6 ( H ^ O ) ] X 3 . T h e s e sa l t s a r e t h e so-cal led 
VOL. X L 2 I> 
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chromium roseo-salts, s t u d i e d b y S. M. J o r g e n s e n , F . E p h r a i m a n d 
W . R i t t e r , A. B e n r a t h , O. Has se l a n d G. B . Naess, A . H i e n d l m a y r , amd 
O. T. Chr i s tensen . T h e y inc lude : (1) h y d r o x i d e ; (2) fluoride—vide 
supra, (3) chlor ide , a n d (4) i t s mercu r i ch lo r ide ; (5) b r o m i d e , a n d 
(6) i t s b r o m o p l a t i n a t e ; (7) iod ide ; (8) p e r c h l o r a t e ; (9) s u l p h a t e , 
a n d (10) i t s c h l o r o p l a t i n a t e ; (11) n i t r a t e , a n d (12) h y d r o n i t r a t e ; 
(13) c y a n i d e , a n d (14) i t s c h r o m i c y a n i d e , (15) i t s f e r r i cyan ide , a n d 
(16) i t s c o b a l t i c y a n i d e . H . J . S. K i n g showed t h a t t he se sa l t s m a y 
b e h y d r o x y p e n t a m m i n e s . 

(vii) Diaquotetrammines, [ C r ( N H 3 J 4 ( H 2 O ) 2 ] X 3 . These sa l t s were i n v e s t i g a t e d 
b y P . Pfeiffer. T h e y inc lude : (1) h y d r o n i t r a t e ; (2) ch lor ide ; a n d 
(3) b r o m i d e . 

(viii) Diaquobisethylenediamines, [Cr e n 2 ( H 2 0 ) 2 ] X 3 . These sa l t s were s t u d i e d 
b y P . Pfeiffer. These a r e t h e i somer ic forms : 

(a) Cis-salts, i n c lud ing (1) ch lor ide ; (2) b r o m i d e ; (3) c h r o m i o x a -
l a t e ; a n d (4) c h r o m i t h i o c y a n a t e . 

(6) Trans-salts, i nc lud ing (1) ch lor ide ; a n d (2) b r o m i d e , 
(ix) Triaquotri&mmines, [ C r ( N H 3 ) 3 ( H 2 O ) 3 ] X 3 . These sa l t s we re s t u d i e d b y 

A. W e r n e r , S. G u r a l s k y , a n d E . H . Riesenfe ld a n d F . S e e m a n n a n d 
t h e y inc lude : (1) t h e chlor ide ; (2) t h e p e r c h l o r a t e ; (3) t h e b r o m i d e ; 
(4) h y d r o x y i o d i d e ; a n d (5) ch lo r on i t r a t e . 

(x) Tetraquodiammines, [C r (NH 3 J 2 (H 2 O) 4 JX 3 . These sa l t s were s t u d i e d b y 
A. W e r n e r a n d J . K le in . T h e y inc lude : (1) ch lor ide ; (2) b r o m i d e ; 
(3) s u l p h a t e . 

(xi) Tetraquodipyridines, [ C r p y 2 ( H 2 0 ) 4 ] X 3 . These sa l t s were s t u d i e d b y 
P . Pfeiffer, P . Pfeifler a n d W . Osann , a n d P . Pfeiffer a n d M. T a p u a c h . 
T h e y inc lude : (1) chlor ide ; (2) b r o m i d e ; (3) s u l p h a t e , a n d (4) h y d r o -
s u l p h a t e ; (5) n i t r a t e ; a n d (6) c h r o m i c y a n i d e . 

(xii) Diaquotetramido-salts, [ C r ( H 2 O ) 2 ( C 2 H 5 O 2 N ) 4 ] , s t u d i e d b y G. F lo rence a n d 
E . Cou tu re . 

(xiii) Hexaquo-salts, [ C r ( H 2 O ) 6 ] X 3 . These sa l t s were s t u d i e d b y A. W e r n e r 
a n d A. Gubser , A. Gubser , A. W e r n e r a n d R . H u b e r , P . Pfeiffer, 
R . F . W e i n l a n d a n d R . K r e b s , R . F . W e i n l a n d a n d T . S c h u m a n n , 
a n d I J . A. WeIo. T h e y co r re spond w i t h t h e h e x a h y d r a t e d ch lor ides , 
su lpha te s , a n d ch lo rosu lpha te s . J . Meyer a n d L . Speich p r e p a r e d 
t h e se lenate . 

(xiv) Ilexa-antipyrino-salts, [ C r ( C O C 1 0 H 1 2 N 2 ) 6 ] X 3 , were p r e p a r e d b y E . Wi lke -
Dor fu r t a n d H . G. Mureck . F o r e x a m p l e , (1) t h e f luobora te , 
[ C r ( C O C 1 0 H 1 2 N 2 ) 6 ] ( B F 4 ) 3 ; (2) t h e p e r m a n g a n a t e ; (3) t h e fluosul-
p h o n a t e ; (4) t h e t h i o c y a n a t e ; (5) t h e d i c h r o m a t e ; (6) t h e c h l o r a t e ; 
(7) t h e t h i o s u l p h a t e ; (8) t h e f e r rocyan ide ; (9) t h e f e r r i cyan ide ; 
a n d (10) t h e p i c r a t e . 

(xv) Trioxalato-salts, R 3 ^Cr (C 2 O 4 J 3 ] , s t u d i e d b y A. G. B e r g h m a n . 
I I . — T h e p e n t a m m i n e fami ly , or c o m p o u n d s of t h e b iva l en t , bas ic g r o u p : [ C r A 5 X J " . 

P . La r i sch m a d e some c o m p a r a t i v e o b s e r v a t i o n s o n t h e solubi l i t ies of t h e s e 
sa l t s . 

(i) Hydroxypentammines, [ C r ( N H g ) 6 ( O H ) ] X 2 . S. M. J o r g e n s e n , P . Pfeiffer, 
A. Werne r , A. B e n r a t h , L . A . WeIo, J . V. D u b s k y , a n d 
H . J . S. K i n g r e p o r t e d (1) ch lor ide ; (2) b r o m i d e ; (3) i o d i d e ; 
(4) s u l p h a t e ; (5) d i t h i o n a t e ; (6) n i t r a t e ; (7) c h r o m a t e ; (8) o x a l a t e ; 
(9) p i c r a m a t e ; (10) p i c r a t e ; (11) d i p i c r y l a m i d e ; a n d (12) 2 : 4 -d in i t ro -
a - n a p h t h o x i d e - y - s u l p h o n a t e . T h e (13) h y d r o x i d e w a s o b t a i n e d b y 
t h e a c t i o n of si lver ox ide on t h e ch lo r ide . 

(ii) Hydroxyaquopentammines, [ C r ( N H 8 ) ^ ( H 2 O ) ( H O ) ] X 2 . * T h e s e sa l t s were 
s t u d i e d b y P . Pfeiffer. T h e y inc lude : (1) b r o m i d e ; a n d 
(2) d i t h i o n a t e . 
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(iii) Hydro&yaquobisethylenediamines, [Cr e n 2 ( H 2 0 ) ( H O ) ] X 2 . T h e s e sa l t s 
w e r e s t u d i e d b y P . PfeifEer, P . PfeifEer a n d R . S tern , P . Pfeiffer 
a n d R . I?rade, P . PfeifEer a n d T . Gk L a n d o . There are i someric 
forms : 

(a) Cis-scults, i n c l u d i n g (1) chloride ; (2) b r o m i d e ; (3) i od ide ; a n d 
(4) d i t h i o n a t e . 

(b) Trans-salts, i n c l u d i n g (1) b r o m i d e ; (2) iod ide a n d (3) d i t h i o n a t e . 
( iv) Hydroxydiaquotriammines, [ C r ( N H s ) 3 ( H 2 O ) 2 ( H O ) J X 2 T h e iod ide w a s 

s t u d i e d b y A . Werner , 
(v) HydroQcytriaquodiammines, [ C r ( N H 3 ^ ( H 2 O ) 3 ( O H ) ] X 2 . T h e s u l p h a t e 

w a s s t u d i e d b y A . Werner a n d J . Kle in , a n d A. Werner a n d 
V . D u b s k y . 

(vi) Hydro&ytriaquodipyridines, [ C r p y 2 ( H 2 O ) 3 ( O H ) ] X 2 . These sa l ts were 
s t u d i e d b y P . PfeifEer, P . PfeifEer a n d M. T a p u a c h , a n d P . Pfeiffer 
a n d W . Osann . T h e y inc lude : (1) chlor ide ; (2) su lphate ; a n d 
(3) t h i o c y a n a t e . 

(vii) Nitritopewtammines, [ C r ( N H 3 ) 5 ( N 0 2 ) ] X 2 . T h e y are t h e so-cal led 
chromium axmtho-salts. T h e s e sa l t s were s t u d i e d b y O. T. Christen-
sen , J . N . B r o n s t e d a n d A . P e t e r s e n , a n d A . Werner a n d A . Miolat i . 
T h e y inc lude : (1) chloride , a n d (2) i t s mercurichlor ide , a n d (3) 
i t s ch lorop la t ina te ; (4) b r o m i d e ; (5) i od ide ; (6) s u l p h a t e ; (7) 
d i t h i o n a t e ; (8) n i t r a t e ; (9) c a r b o n a t e ; (1O) c h r o m a t e ; a n d (11) 
d ie hr ornate. 

(viii) JVitratoj^entammines, [ C r ( N H 3 ) 5 ( N 0 3 ) ] X 2 . T h e s e sa l t s were s t u d i e d b y 
A . W e r n e r a n d J . v o n H a l b a n . T h e y inc lude : (1) iod ide a n d 
(2) n i t ra te , 

( ix) Nitratodiaquotriammines, [ C r ( N H g ) 3 ( H 2 O ) 2 ( N O 3 J ] X 2 . T h e n i tra te w a s 
s t u d i e d b y E . H . R i e s e n f e l d a n d F . S e e m a n n . 

(x) Fluopentammines, [ C r ( N H 3 J 5 F ] X 2 . T h e s e sa l t s were prepared b y 
A . H i e n d l m a y r . T h e y inc lude : (1) f luoride ; (2) chloride ; (3) n i trate ; 
(4) c h r o m a t e ; a n d (5) ferr icyanide . 

(xi) Chloropentammiries, [Cr(NHg) 6 Cl]X 2 . T h e s e are t h e so-ca l led chromium 
purpureo-salts. T h e y were s t u d i e d b y O. T . Chris tensen, A . Werner 
a n d A. Miolat i , O. H a s s e l a n d Gr. B . Naess, F . E p h r a i m a n d W. Ri t ter , 
J . Meyer a n d L*. Spe ieh , J . N . B r o n s t e d a n d A . P e t e r s e n , H . J . S. K i n g , 
L#. A . WeIo , a n d S. M. J o r g e n s e n . T h e y inc lude : (1) chloride ; 
(2) i t s mercurichlor ide , a n d (3) i t s ch lorop la t ina te ; (4) bromide , a n d 
(5) i t s m e r c u r i b r o m i d e ; (6) iod ide , a n d (7) i t s mercuri iodide ; 
(8) c h l o r a t e ; (9) p er ch lorate ; (1O) p e n t a s u l p h i d e ; (11) su lphate , 
a n d (12a) i t s h y d r o s u l p h a t e ; (126) s e l ena te ; (13) d i t h i o n a t e ; 
(14) f luosi l icate ; (15) o x a l a t e ; (16) ferrocyanide ; (17) c h r o m a t e ; 
(18) p icrate ; (19) 2 : 4 -d in i tro-ct -naphthoxide ; (2O) 2 : 4-dinitro-<x-
n a p h t h o x i d e - y - s u l p h o n a t e ; a n d (21) 2 : 3 : 6 - tr in i trophenoxide . 

(xi i) Chloroaquotetramrnines, [ C r ( N H g ) 4 ( H 2 O ) C l ] X 2 . T h e s e are t h e so-cal led 
chromium roseo-salts. T h e y were s t u d i e d b y E . F r e m y , P . T. Cleve, 
A . W e r n e r a n d A . Miolat i , S. M. J o r g e n s e n , J . Pe tersen , P . Pfeiffer 
a n d S. B a s c i , P . Pfeif ler. T h e y inc lude : (1) chloride, a n d i t s 
(2) mercur ichlor ide , a n d (3) i t s ch lorop la t ina te ; (4) b r o m i d e ; 
(5) i o d i d e ; (6) s u l p h a t e ; (7) n i tra te ; (8) fluosilicate ; (9) o x a l a t e ; 
a n d (1O) c h r o m a t e . 

(xi i i ) Chlorodiaquotriammines, [ C r ( N H g ) 3 ( H 2 O ) 2 C l ] X 2 . These sa l t s were 
s t u d i e d b y E . H . R ie senfe ld a n d F . S e e m a n n . T h e y inc lude : 
(1) ch lor ide ; a n d (2) s u l p h a t e . 

( x i v ) Bromoditiquotriammines, [ C r ( N H g ) 3 ( H 2 O ) 2 B r ] X 2 . T h e s e sal ts , prepared 
b y S . Gura l sky , i n c l u d e : (1) chlor ide ; (2) bromide ; a n d (3) 
s u l p h a t e . 
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(xv) Chloropentaquo-salts, [C r (H 2 O) 5 Cl ]X 2 . These sa l t s h a v e been d i scussed 
in connec t ion w i t h t h e h y d r a t e s of ch romic chlor ides . T h e y w e r e 
d iscussed b y N . B j e r r u m , A . R e c o u r a , R . F . W e i n l a n d a n d R . K r e b s , 
a n d R . F . W e i n l a n d a n d T . S c h u m a n n . T h e series is r e p r e s e n t e d b y 
(1) ch lor ide ; (2) s u l p h a t e ; a n d (3) c h l o r o s u l p h a t e . J . M e y e r a n d 
L . Spe ich m a d e (4) t h e se lena te . 

(xvi) Bromopentammines, [ C r ( N H 3 ) 6 B r ] X 2 . These sa l t s were s t u d i e d b y 
S. M. J o r g e n s e n , a n d A. W e r n e r a n d A. Miola t i . T h e y a r e r e p r e s e n t e d 
b y (1) ch lor ide ; (2) b r o m i d e , a n d (3) i t s b r o m o p l a t i n a t e ; (4) n i t r a t e ; 
a n d (5) c h r o m a t e . 

(xvii) Bromoaquotetrammines, [C r (NHg) 4 (H 2 O)Br ]X 2 . T h e sa l t s were s t u d i e d 
b y P . T . Cleve, a n d P . Pfeiffer a n d S. Basc i . T h e y inc lude : 
(1) ch lor ide ; (2) b r o m i d e ; a n d (3) s u l p h a t e , 

(xviii) Bromoaquobisethylenediamtnes, [Cr e n 2 ( H 2 0 ) B r ] X 2 . T h e sa l t s were 
s t u d i e d b y P . Pfeiffer, P . Pfeiffer a n d R . S t e r n , a n d P . Pfeiffer 
a n d T . Gr. L a n d o . T h e y inc lude : (1) b r o m i d e ; a n d (2) c h r o m i t h i o -
c y a n a t e . 

(xix) Bromodiaquotriamnhines, [ C r ( N H 3 J 3 ( H 2 O ) 2 B r ] X 2 . A . W e r n e r p r e p a r e d 
(1) t h e chlor ide ; (2) t h e b r o m i d e ; a n d (3) t h e s u l p h a t e . 

(xx) lodopervtanvmines, [ C r ( N H 3 J 5 I ] X 2 . These sa l t s we re s t u d i e d b y A. W e r n e r 
a n d A. Miolat i , a n d S. M. Jo rgensen . T h e sa l t s i nc lude : (1) ch lor ide , 
a n d (2) i t s c h l o r o p l a t i n a t e ; (3) iodide ; a n d (4) n i t r a t e , 

(xxi) 1odoaquotetrammines, [ C r ( N H 3 ) 4 ( H 2 0 ) I ] X 2 . P . T . Cleve p r e p a r e d t h e 
iodide . 

(xxii) Thiocyanatopentanimines, [Cr (NH 3 ) 5 (SCy)JX 2 . T h e sa l t s were s t u d i e d 
b y A. W e r n e r a n d J . v o n H a l b a n . T h e sa l t s inc lude : (1) ch lor ide ; 
(2) b r o m i d e ; (3) n i t r a t e ; (4) t h i o c y a n a t e ; a n d (5) d i ch ro rna te , 

(xxiii) Sulphatopentaquo-salts, [ C r ( H 2 0 ) 5 ( S 0 4 ) ] X 2 . T h e chlor ide was p r e p a r e d 
b y R . F . W e i n l a n d a n d T. S c h u m a n n . 

I I I . — T h e t e t r a m m i n e fami ly , or c o m p o u n d s of t h e u n i v a l e n t bas ic g r o u p : 
[ C r A 4 X ' X ' ] . P . La r i sch m a d e some c o m p a r a t i v e obse rva t i ons on t h e 
solubi l i t ies of t h e s e sa l t s . 

(i) Dihydroxydiaquodiarniniries, [ C r ( N H g ) 2 ( H 2 O ) 2 ( O H ) 2 ] X . These sa l t s were 
p r e p a r e d b y A. W e r n e r a n d J . V. D u b s k y , a n d A. W e r n e r a n d 
J . X*. K le in . T h e sa l t s inc lude : (1) chlor ide ; (2) b r o m i d e ; (3) iod ide ; 
(4) d i t h i o n a t e ; a n d (5) t h i o c y a n a t e . 

(ii) Dihydroxydiaquodipyridines, [ C r p y 2 ( H 2 0 ) 2 ( H O ) 2 ] X . These sa l t s were 
p r e p a r e d b y P . Pfeiffer, P . Pfeiffer a n d W . O s a n n , a n d P . Pfeiffer 
a n d M. T a p u a c h . T h e sa l t s inc lude : (1) ch lor ide ; (2) b r o m i d e ; 
(3) iod ide ; (4) s u l p h a t e ; (5) n i t r a t e ; a n d (6) t h i o c y a n a t e . 

(iii) JDtchlorotetraquo-salts, [Cr (H 2 O) 4 Cl 2 ]X, r e p r e s e n t e d b y J . Meyer a n d 
L,. Spe ich ' s [Cr(H 2 O) 4 Cl 2 ] (SeO 4 J 2 [Cr(H 2 O) 6 ] . T h e sa l t s a r e r e p r e s e n t e d 
b y t h e (1) ch lor ide a n d i t s complexes w i t h (2) a n t i m o n i c ch lor ide , a n d 
(3) caesium chlor ide ; a s well a s b y t h e (4) s u l p h a t e . T h e y w e r e 
s t u d i e d b y A. W e r n e r a n d A . Gubser , N . B j e r r u m , R . F . W e i n l a n d 
a n d K . Fe ige , O. Ste l l ing, a n d P . Pfeiffer. 

(iv) Dihydroxydiaquoethylenediamines, [C r (H 2 O) 2 e n ( O H ) 2 ] X . These sa l t s , 
p r e p a r e d b y E . W e i n m a n n , inc lude : (1) ch lor ide ; (2) p e r c h l o r a t e ; 
(3) b r o m i d e ; (4) iod ide ; (5) d i t h i o n a t e ; a n d (6) t h i o c y a n a t e . 

(v) ZHchlorobisethylenediamines, [Cr en 2 Cl 2 ]X . These sa l t s were s t u d i e d b y 
A. W e r n e r , P . Pfeiffer, P . Pfeiffer a n d P . K o c h , P . Pfeiffer a n d 
T. G. L a n d o , P . Pfeiffer a n d R . S t e rn , a n d P . Pfeiffer a n d A. Tr iesch-
m a n n . T h e r e a r e t h e i somer ic fo rms : 

(a) Inactive salts, i n c l u d i n g (1) chlor ide a n d (2) i t s a n t i m o n i c h l o r i d e , 
a n d (3) c h l o r o p l a t i n a t e ; (4) b r o m i d e ; (5) i od ide ; (6) sul­
p h a t e ; (7) d i t h i o n a t e ; (8) n i t r a t e ; a n d (9) t h i o c y a n a t e . 
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(b) Z)eactro-cis salts, inc luding (1) chloride ; (2) bromide , and (3) i ts 
bromocamphorsu lphonate ; and (4) n i trate . 

(c) Lazvo-cis-salts, inc luding (1) chloride ; (2) bromide , a n d (3) i ts 
bromocamphorsu lphonate ; and (4) ni trate . 

(d) Trans-salts, inc luding (1) chloride, a n d (2) i t s hydrochloride, 
a n d (3) chloroplat inate ; (4) bromide ; (5) iodide ; (6) di-
t h i o n a t e ; (7) n i trate ; (8) chromid ioxa la toe thy lened iamine ; 
a n d (9) th iocyanate . 

(vi) JDichloroaquotriammines, [Cr(NH 3 )S(H 2 O)Cl 2 ]X. These salts were pre­
pared b y A . Werner , F . Frowein , E . H . Riesenfeld a n d F . Seemann , 
a n d S. Guralsky, a n d inc lude : (1) chloride ; (2) iodide ; (3) su lphate ; 
(4) hydrosu lphate ; a n d (5) ni trate , 

(vii) JDibromoaquotriammtnes, [Cr (NH 3 J 3 (H 2 O)Br 2 ]X . These salts , prepared 
b y S. Gruralsky, inc lude : (1) bromide ; (2) iodide ; (3) su lphate ; 
(4) n i trate ; a n d (5) t h i o c y a n a t e . 

(viii) DichlorodiaquodiammineSy [Cr(NH 3 J 2 (H 2 O) 2 Cl 2 ]X . A. Werner and 
J . Li. K l e i n prepared t h e chloride, 

(ix) Z)ichlorodiaquodipyridines9 [ C r p y 2 ( H 2 0 ) 2 C l 2 ] X . These salts were pre­
pared b y P . PfeifTer a n d M. Tapuach , a n d include : (1) chloride, and 
(2) i t s c o m p l e x w i t h pyr id in ium chloride ; (3) bromide ; and 
(4) n i trate , 

(x) JDibromotetraquo-salts, [Cr (H 2 O) 4 Br 2 ]X . These sa l ts are represented b y 
t h e chloride prepared b y N . Bjerrum. 

(xi) T>ibro9nobisethylenediamiynes, [Cr e n 2 B r 2 ) X . T h e y were s tudied b y 
P . PfeifTer, a n d P . PfeifTer a n d A. Tr ieschmann. There are isomeric 
forms : 

(a) Cis-salts, inc luding (1) bromide ; (2) iodide ; and (3) d i th ionate . 
(b) Trans-salts, inc luding (1) bromide a n d (2) i ts hydrobromide , 

a n d (3) i t s mercuribromide ; (4) iodide ; (5) d i th ionate ; 
(6) n i trate ; a n d (7) t h i o c y a n a t e . 

(xii) L>icidoroaquotriammines9 [ C r ( N H 3 ) 3 ( H 2 0 ) C l 2 ] X . The chloride was 
s tud ied b y E . H . Riesenfe ld a n d F . S e e m a n n . 

(xiii) IJibrornodiaquodiarnmiries, [ C r ( N H 8 ) 2 ( H 2 0 ) 2 B r 2 ] X . A. Werner and 
J . IJ. Kle in , a n d A . Werner a n d J. V. D u b s k y s tud ied t h e bromide , 

(x iv) JDibromodiaquopyridine^, [ C r ( N H 3 ) 2 ( H 2 0 ) 2 B r 2 ] X . These sa l ts were 
s tud ied b y A . Werner and A. Gubser, a n d P . PfeifTer and M. Tapuach . 
The salts inc lude : (1) bromide ; (2) iodide ; and (3) nitrate , 

( x v ) Uibromotelraquo-saltSy [Cr (H 2 O) 4 Br 2 ]X . These sal ts were s tudied b y 
A. Recoura , A. Werner a n d A. Grubser, A. Werner and K. Huber , 
P . PfeifTer a n d M. Tapuach , and N . Bjerrum. The salts include : 
(1) chloride ; (2) bromide ; (3) su lphate ; and (4) t h e cobalt ic te tra-
n i tr i tod iammine . 

(xvi) Uiiodobisethylenediamines, [Cr e n 2 I 2 ] X . The double salt w i th mercuric 
iodide w a s s tud ied b y P . Pfei&er and T. G. L a n d o . 

(xvi i ) Dithiocyanatotetraramines, [Cr(NH 3 ) 4 (SCy) 2 ]X . These salts were s tudied 
b y P . PfeifTer a n d M. Tilgner, and A. Werner and J . v o n H a l b a n . The 
sa l ts inc lude : (1) chloride ; (2) bromide ; (3) su lphate ; (4) ni trate ; 
and (5) t h i o c y a n a t e . 

xvi i i ) I)itMocyanatobzsethylenedia97iines9 [Cr e n 2 ( S C y ) 2 ] X . These sa l ts were 
s tud ied b y P . PfeifTer and M. H a i m a n n , P . Pfeiffer and P . Koch , 
P . Pfeiffer a n d R . Stern, and P . Pfeiffer. There are isomeric forms : 

(a) Cis-salts, inc luding (1) chloride ; (2) bromide ; (3) iodide and 
i t s c o m p l e x w i t h mercuric iodide ; (4) su lphate ; (5) nitrate ; 
(6) t h i o c y a n a t e ; a n d (7) chromith iocyanate . 

(b) Trans-salts, inc luding (1) chloride ; (2) bromide, (3) su lphate ; 
(4) n i trate ; (5) t h i o c y a n a t e ; and (6) chromithiocyanate . 
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(xix) Oxalatotetrammines, [Cr(NHs) 4 (C 2 O 4 ) JX. These sa l t s were s t u d i e d b y 
P . Pfeiffer a n d S. Basc i . T h e sa l t s inc lude : (1) ch lor ide ; (2) b r o m i d e ; 
(3) iodide ; (4) n i t r a t e ; a n d (5) c h r o m i d i o x a l a t o d i a m m i n e . 

(xx) Oxalatobisethylenedtamines, [Cr e n 2 ( C 2 0 4 ) ] X . These sa l t s were s t u d i e d b y 
P . Pfeiffer, P . Pfeiffer a n d R .^Ste rn , a n d P . Pfeiffer a n d A. Tr iesch-
m a n n , a n d H . Schwarz . T h e sa l t s i nc lude : (1) b r o m i d e ; (2) iod ide ; 
(3) c h r o m i d i o x a l a t o e t h y l e n e d i a m i n e ; a n d (4) t h e c h r o m i d i o x a l a t o -
d iaquo-sa l t . Some o t h e r oxa la to -sa l t s were s t u d i e d b y R . W e i n l a n d 
a n d W . H i ibne r , a n d F . H a n s . 

I V . — T h e t r i a m m i n e fami ly , or c o m p o u n d s of t h e nu l l -va len t g r o u p : [ C r A 3 X 3 ' ] . 
(i) Trichlorotriafnmine, [Cr(NHg)3Cl3] , w a s p r e p a r e d b y A. W e r n e r , 

E . H . Riesenfeld a n d F . S e e m a n n , F . F rowe in , O. Ste l l ing , 
S. Gura l sky , a n d H . I . Schlesinger a n d co-workers . T h e r e a re also t h e 
t r i b r o m i d e a n d t h e m i x e d ch lorobromides . 

(ii) Trihydroxyaquodiammines, [Cr (NHg) 2 (H 2 O)(OH) 3 ] . T h e tetrahydrate was 
s tud ied b y A. W e r n e r a n d J . L . Kle in , 

(iii) Trthydroxyaquodipyridines, [ C r p y 2 ( H 2 0 ) ( O H ) 3 ] . T h e hexahydrate w a s 
s tud ied b y P . Pfeiffer a n d M. T a p u a c h . 

(iv) Dichlorohydroxyaquodipyridine, [ C r p y 2 ( H 2 0 ) C l 2 ] . Th i s sa l t was p r e ­
p a r e d b y P . Pfeiffer a n d M. T a p u a c h . 

(v) Trichlorotripyridine, [Crpy 3Cl 3 ] . Th i s sa l t w a s e x a m i n e d b y P . PfeifEer. 
T h e add i t i on p r o d u c t s w i th (1) 2CH 3 Cy, a n d (2) C 2 H 5 C y were e x a m i n e d 
b y P . Pfeiffer. 

(vi) Trichloroaquodtpyridine, [ C r p y 2 ( H 2 0 ) C l 3 ] . This sa l t was s t u d i e d b y 
P . Pfeiffer a n d M. T a p u a c h . 

(vii) Triaquotrichlorides, [Cr(H 2 O) 3 Cl 3 ] . T h e a d d i t i o n p r o d u c t w i t h 2 P y . H C l 
w a s s t u d i e d b y P . Pfeiffer. 

(viii) TrisethylalcoJiolotrichloride, [Cr (C 2 H 5 .OH) 3 Cl 3 ] . Th i s c o m p o u n d w a s 
e x a m i n e d b y I . K o p p e l . 

(ix) Trichlorotrithiourea, [Cr(CSN 2 H 4 J 3 Cl 3 ] . The hemihydrate w a s e x a m i n e d 
b y P . Pfeiffer. 

(x) Triaquotribromides, [C r (H 2 O) 3 Br 3 ] . T h e a d d i t i o n p r o d u c t w i t h 2 P y H B r 
was s tud i ed b y P . Pfeiffer. 

(xi) Trithu>cyancUotrianbrnine9 [Cr(NHg) 3(SCy) 3] . This c o m p o u n d was s t u d i e d 
b y A. W e r n e r a n d J . v o n H a I b a n . 

(xii) Trithiocyanatoaquodiammines, [Cr (NH 3 J 2 (H 2 O)(SCy) 3 ] . T h e m o n o -
h y d r a t e w a s s t u d i e d b y O. Nordensk jo ld , J . A. Siornssen, a n d 
A. W e r n e r a n d G. R i c h t e r ; (1) t h e a d d i t i o n p r o d u c t w i t h (2) e t h y l e n e -
d i a m m i n e , (3) p iper id ine ; (4) ani l ine , (5) .brucine ; a n d (6) py r id ine 
were s tud ied b y O. Nordensk jo ld , a n d J . A. S iemssen. 

(xiii) JDicklorothiocyanatotrianirriine, [Cr(NH 3 J 3 (SCy)Cl 2 ] . Th i s sa l t was p r e p a r e d 
b y S. Gura l sky . 

V . — T h e d i a m m i n e fami ly , or c o m p o u n d s of t h e u n i v a l e n t , ac idic g r o u p : [ C r A 2 X 4 ] . 
(i) Tetrathiocyanatodiarnmines, [Cr (NH 3 ) 2 (SCy) 4 ]M. These c o m p o u n d s were 

s t u d i e d b y J . Mor land , A. Re inecke , P . T . Cleve, O . Nordensk jo ld , 
R . Esca le s a n d H . E h r e n s p e r g e r , J . A . S iemssen , E . Orloff, 
O. T . Chr i s tensen , A . W e r n e r a n d Or. R i c h t e r , A . W e r n e r a n d 
J . Li. Kle in , a n d P . Pfeiffer a n d M. Ti lgner . T h e c o m p o u n d s inc lude : 
(1) t h e acid a n d i t s m o n o h y d r a t e or d i h y r a t e ; (2) s o d i u m ; (3) p o t a s ­
s ium—Reineche 's salt—and (4) i t s complex w i t h p o t a s s i u m iod ide ; 
(5) r u b i d i u m , a n d (6) a c o m p l e x w i t h p y r i d i n e ; (7) caBsium, a n d 
(8) a c o m p l e x w i t h p y r i d i n e ; (9) coppe r ; (10) b a r i u m ; (11) z inc, 
(12) a c o m p l e x w i t h p y r i d i n e ; a n d (13) one w i t h a m m o n i a ; (14) cad ­
m i u m ; (15) m e r c u r y ; (16) i r o n ; (17) c o b a l t ; (18) a m m o n i u m a n d 
(19) i t s h y d r a t e , a n d (20) iod ide ; (21) n i t r o sy l ; (22) g u a n i d i n e ; 
(23) m e t h y l a m i n e ; (24) d i m e t h y l a m i n e ; (25) t r i m e t h y l a m i n e ; 
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(26) e t h y l a m i n e ; (27) a m y l a m i n e ; (28) t e t r a m e t h y l a m m o n i u m ; 
(29) m e t h y l p y r i d i n i u m ; (30) m e t h y l q u i n o l i n i u m ; (31) m-xy l i -
d i n i u m ; (32) e t h y l e n e d i a m i n e ; (33) p e n t a m e t h y l e n e d i a m i n e ; 
(34) an i l ine ; (35) a m m o n i u m ani l ine ; (36) o- to lu id ine ; (37) p-
t o lu id ine ; (38) p h e n y l h y d r a z i n e ; (39) p ipe r id ine ; (40) p y r i d i n e ; 
(41) p ico l ine ; (42) qu ino l ine ; (43) m o r p h i n e ; (44) q u i n i n e ; 
(45) s t r y c h n i n e ; (46) p i loca rp ine ; a n d (47) cocaine , 

(ii) Tetrathiocyanatodipyridines, [CrPy 2 (SCy) 4 ]M. These c o m p o u n d s were 
s t u d i e d b y J . S a n d a n d O. K . H . B u r g e r , a n d P . Pfeiffer a n d W . O s a n n . 
T h e s a l t s i nc lude : (1) p o t a s s i u m — t h e d i h y d r a t e , a n d t e t r a p y r i d i n e ; 
(2) s o d i u m — t h e t r i h y d r a t e , a n d t e t r a p y r i d i n e ; a n d (3) t h e m o n o -
a n d d i -py r id ines . 

(iii) Tetrathiocyanatoethylenediamine, [Cr en(SCy) 4 ]M. These c o m p o u n d s , 
p r e p a r e d b y E . W e i n m a n n , i n c l u d e : (1) s o d i u m ; (2) p o t a s s i u m ; 
(3) caesium ; (4) a m m o n i u m ; (5) caffeine ; (6) coni ine ; (7) n ico t ine ; 
(8) n a r c o t i n e ; (9) code ine ; (10) s t r y c h n i n e ; a n d (11) b r u c i n e . 

(iv) Dioxalatodiammines, [ C r ( N H 3 ) 2 ( C 2 0 4 ) 2 ] M . P . T . Cleve, a n d P . Pfeiffer 
a n d S. Basc i s t ud i ed t h e c o m p l e x w h i c h t h e g r o u p fo rms w i t h ch romic 
o x a l a t o t e t r a m m i n e . 

(v) Dioxalatoethylenediamines, [Cr e n ( C 2 0 4 ) 2 ] M . T h e s e sa l t s were s tud i ed b y 
H . S c h w a r z , P . Pfeiffer, P . Pfeiffer a n d A. T r i e s c h m a n n , P . Pfeiffer 
a n d H . S t e r n , a n d P . Pfeiffer a n d H . P r a d e . T h e sa l t s i n c l u d e : 
(1) p o t a s s i u m a n d i t s c o m p l e x w i t h p o t a s s i u m iod ide ; (2) t h e a d d i t i o n 
p r o d u c t w i t h c h r o m i c £r*ms-dich lorobise thylenediamine ; (3) t h e 
a d d i t i o n p r o d u c t w i t h c h r o m i c o x a l a t o b i s e t h y l e n e d i a m i n e ; (4) t h e 
a d d i t i o n p r o d u c t w i t h coba l t i c d i c h l o r o b i s e t h y l e n e d i a m i n e , a n d i t s 
d i h y d r a t e . 

(vi) Dioxalatodiaquo-salts, [Cr (H 2 O) 2 (C 2 O 4 J 2 ]M. T h e (1) a m m o n i u m ; 
(2) s o d i u m ; a n d (3) p o t a s s i u m sa l t s were s t u d i e d b y A . R o s e n h e i m 
a n d Li. Cohn , a n d P . Pfeiffer a n d R . S t e r n . 

V I . — T h e m o n a m m i n e fami ly , or c o m p o u n d s of t h e b i v a l e n t , ac idic g r o u p : 
[ C r A X 5 ] . These c o m p o u n d s a r e r e p r e s e n t e d b y t h e p e n t a h a l i d e s — 
vide supra—studied b y A . W e r n e r , a n d A. W e r n e r a n d A. G u b s e r — 
e.g., (1) M 2 [ C r ( H 2 O ) F 5 ] ; (2) M 2 [Cr (H 2 O)Cl 5 ] ; a n d (3) M 2 [ C r ( H 2 O ) B r 6 ] . 

V I I . — T h e h e x a - a c i d f a m i l y o r c o m p o u n d s of t h e t e r v a l e n t , ac idic g r o u p : 
[ C r X 6 ] . T h e s e c o m p o u n d s a r e r e p r e s e n t e d b y (1) M 3 [CrF 6 ] ; 
(2) M 3 [CrCy 6 ] ; (3) M 3 [Cr(SCy) 6 ] ; a n d (4) M 3 [Cr (C 2 0 4 ) 3 ] , s t u d i e d b y 
H . Schwarz , L . A . WeIo , P . Pfeiffer, a n d J . A . S iemssen . 

JB.—Poly chromic compounds, that is, compounds with more than one chromium atom 
in the nucleus. 

I . — D i c h r o m i c s a l t s — w i t h t w o c h r o m i u m a t o m s i n t h e nuc l eus . Some sa l t s p r e ­
p a r e d b y P . Sch i i t z enbe rge r i n 1868—v iz . [Cr 2 O(CH 3 COO) 3 (NO 3 ) ] ; 
[ C r 2 ( C H 3 C O O ) 4 ( N O 3 ) ( O H ) ] ; a n d [Cr 2 (CH 3 COO) 5 -NO 3 ] m a y be long t o t h i s 
g r o u p . T h e r e a r e a lso sa l t s of t h e t y p e [ C r 2 ( O H ) ( O O C C H 2 S C y ) 4 ] X , 
de sc r ibed b y R . Gr. K r a s n o w s k a j a i nc lud ing t h e h y d r o x i d e , chlor ide , 
b r o m i d e , iod ide , s u l p h a t e , a n d d i t h i o n a t e ; a n d D . R . C a m h i ' s 
[ C r 2 ( O O C C H 2 C y ) 6 O H ] X . 

(i) Hydroxydecammines, [ C r 2 ( O H ) ( N H 3 ) 1 0 ] X 6 . These sa l t s were s t u d i e d b y 
S. M* J o r g e n s e n , A . W e r n e r , J . P e t e r s e n , a n d P . Pfeiffer. 
S. M. J o r g e n s e n ca l led t h e m t h e chromium rhodo-salts ; a n d A. W e r n e r , 
decammine-ol-dichromic salts. T h e r h o d o - s a l t s inc lude : (1) chlor ide, 
(2) i t s c h l o r a u r a t e , a n d (3) i t s c h l o r o p l a t i n a t e ; (4) b r o m i d e , a n d 
(5) i t s b r o m o p l a t i n a t e ; (6) iod ide ; (7) s u l p h a t e ; (8) d i t h i o n a t e ; 
a n d (9) n i t r a t e . T h e s e s a l t s h a v e a n e u t r a l r e ac t i on ; a n d A. W e r n e r 
r e p r e s e n t e d t h e m b y t h e fol lowing fo rmu la in o rde r t o show the i r 
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re l a t ionsh ip with, t h e i somer i c e ry th ro - sa l t s—v ide infra—which 
h a v e a n acidic r e a c t i o n : 

r (NH 3 ) 6 Cr. . .O-Cr(NH 8 ) B - | X 5 n N H ^ C r - g - C M N H , ) , - , 

Rhodo-salts. Erythro-salts. 

T h e r e a r e t h e so-cal led basic rhodo-salts, [ C r 2 ( O H ) ( N H 3 ) 1 0 ] X 4 ( O H ) , 
s t u d i e d b y S. M. J o r g e n s e n , a n d A. W e r n e r . T h e y a r e r e p r e s e n t e d 
b y (1) ch lo ro iod ide ; (2) b r o m i d e ; a n d (3) d i t h i o n a t e . T h e r h o d o -
s a l t s a r e i somer ic w i t h t h e erythro-salts s t u d i e d b y S. M. J o r g e n s e n , 
a n d r e p r e s e n t e d b y (1) chloroiodide ; (2) c h l o r o p l a t i n a t e ; (3) b r o m i d e ; 
(4) s u l p h a t e ; a n d (5) n i t r a t e . 

(ii) Oxydecammines, [ C r 2 O ( N H 3 ) J 0 ] X 4 , or [ ( N H a ) 3 C r - O - C r ( N H s ) 5 ] X 4 . T h e y 
were s t u d i e d b y S. M. J o r g e n s e n , a n d A. W e r n e r . T h e fo rmer ca l led 
t h e m basic chromium, erythro-salts. T h e y i n c l u d e : (1) b r o m i d e ; 
(2) d i t h i o n a t e ; a n d (3) n i t r a t e . 

(iii) I>ihydroxyaquatorethylenediamiries, [ C r 2 ( O H ) 2 e n 4 ] X 4 . T h e y were s t u d i e d 
b y P . PfeifTer a n d R . S t e r n . T h e sa l t s inc lude : (1) b r o m i d e ; a n d 
(2) iodide. P . PfeifEer r e p r e s e n t e d t h e m b y t h e fo rmula : 

en ^ / O en X 4 

l_en O / en J 

(iv) Trihydroxyaquohexamminesy [ C r 2 ( O H ) 3 ( H 2 O ) ( N H s ) 6 ] X 3 , or poss ib ly 
[ C r 4 ( O H ) 6 ( N H 3 ) 1 2 ] X 6 . S. M. J o r g e n s e n s t u d i e d t he se sa l t s a n d 
cal led t h e m chromium rhodo so-salts. T h e y were also s t u d i e d b y 
P . PfeifEer, a n d J . P e t e r s e n . T h e sa l t s inc lude : (1) chlor ide , (2) i t s 
c h l o r a u r a t e , a n d (3) i t s c h l o r o p l a t i n a t e ; (4) b r o m i d e ; (5) iod ide ; 
(6) po lysu lph ide ; (7) s u l p h a t e ; (8) h y d r o s u l p h a t e ; (9) h y d r o x a l a t e ; 
a n d (10) c h r o m a t e . S. M. J o r g e n s e n g a v e for t h e fo rmu la : 

[ ( N H 3 I 2 C r - O - C r ( N H 3 ) ^ ] x Q r |" (NH3) s C r _ 0 ~ Cr ( N H 3 ) J 
1(H 2 O) 2 OH X J 2 L ( H 2 O ) 2 X OH J 2 

a n d P . Pfeiffer : 

| C r ( g > > ( N H 3 ) 4 ) 3 U 

H 
Trichromic sa l t s h a v i n g t h r e e c h r o m i u m a t o m s in t h e nuc l eus . Ser ies of 

complex a c e t a t e s , c y a n o a c e t a t e s , b r o m o - a c e t a t e s , e t c . , were desc r ibed b y 
D . R . Camhi , J . A. J w a n o w i t s , K . F . W e i n l a n d , Gr. Aschk inasy , a n d 
H . G. K r a s n o w s k a j a . I n i l lus t ra t ion , t h e r e a re : 

(i) Hexacetatodihydroxytriammines, [Cr 3 (CH 3 COO) 6 (OH) 2 (NH 3 )S ]X, r ep re ­
s e n t e d b y t h e iodide p r e p a r e d b y H . F . W e i n l a n d a n d E . B i i t t n e r , 
a n d Li. A. WeIo . 

(ii) Hexacetatodihydroxytripyridines, [ C r 3 P y 3 ( C H 3 C O O ) 6 ( O H ) 2 ] X . T h e s e 
sa l t s , p r e p a r e d b y R . F . W e i n l a n d a n d K. G u s s m a n n , a n d Li. A . W e I o 
a r e r e p r e s e n t e d b y (1) h y d r o x y s t a n n i c h l o r i d e ; (2) c h l o r o p l a t i n a t e ; 
(3) iod ide ; (4) n i t r a t e ; (5) a c e t a t e ; (6) c h l o r a c e t a t e ; (7) n i t r a t a -
c e t a t e ; (8) f e r r i cyan ide ; (9) c o m p l e x c h r o m i c h r o m a t o d i c h r o m a t e ; 
a n d (10) p e r m a n g a n a t e , 

(iii) Chromic pentahydroxyaquodecammino-salts, [ C r 3 ( O H ) 5 ( N H 3 ) 1 0 ( H 2 0 ) ] -
(S2O3J2-WH2O, a n d chromic peritahydroxydiaquo-enneammino-salts, 
e.g. [ C r ( O H ) 5 ( N H 3 ) 9 ( H 2 0 ) 2 ] ( S 2 0 3 ) 2 . 3 H 2 0 of P . R a y a n d P . B . S a r k a r . 

423 
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(iv) Hexaforma&odihydroxy-salts, s t u d i e d b y IJ. A . WeIo , R . W e i n l a n d a n d 
J . Liindner, e t c . 

(v) Hexapropionatohydroxyfluoro-salts, i n v e s t i g a t e d b y R . W e i n l a n d a n d 
J . Liindner. 

I I I . — T e t r a c h r o m i c sa l t s h a v i n g four c h r o m i u m a t o m s in t h e n u c l e u s . 
(i) Hexahydroxydodecammines—vide supra, trihydroxyaquohexammines. 

(ii) Hexahydroxysexiesethylenediamines, [ C r 4 ( O H ) 6 e n 6 ] X 6 . T h e y were 
s t u d i e d b y P . Pfeifxer, a n d P . Pfeiffer a n d W . Vors t e r . T h e sa l t s 
i nc lude : (1) ch lo r ide ; (2) b r o m i d e ; (3) iodide , a n d (4) i t s rnercur'-
iod ide ; (5) s u l p h a t e ; (6) d i t h i o n a t e ; (7) n i t r a t e ; (8) t h i o c y a n a t e ; 
a n d (9) c h r o m a t e . P . PfeifTer r e p r e s e n t e d t h e c o n s t i t u t i o n b y t h e 
fo rmula : 

r* ( o ^ en») x« 
H „ 

A b o u t a dozen and a half sal ts , w h i c h h a v e "been reported, h a v e n o t been fitted in to 
A. Werner's s y s t e m . W h e n t h e salts are inves t iga ted more c lose ly i t m a y be possible 
t o d o someth ing more w i t h t h e m . P . T . Cleve reported a chromic tetramminosulpliate, 
2Cr 2 O 3 .SO 3 . 4NII 3 . 24H 2 O ; chromic tetramminodinitrate, Cr2O3 .!NT2O5 .4NH3 .3H2O, chrormc 
diamminonitrate, 2 C r a 0 8 . N 2 0 6 . 4 N H 3 . w H 2 0 ; a n d ammonium chromic heptamminoctonitrate, 
2 C r ( N 0 3 ) 3 . 7 N H 3 . 2 N H 4 N 0 3 . 4 £ H a O ; t h e chromic diamminoxalate, C r 2 O s . C 2 0 3 . 2 N H 3 . 8 H 2 0 , 
an d ammonium chromic hexamminotrioxalate, C r 3 ( C 2 0 4 ) 3 . 6 N H 3 . ( N H 4 ) H C r 2 O 4 . 1 ^ H 2 O ; and 
t h e chromic heptam,minonitratooxalate, 2Cr(NO 3 ) (C 2 O 4 ) . 7NH 8 . 3H a O ; W . R . Lang and 
E . H . JollifEe, chromic quinquiesmethylaminotrichlortde, C r C l 3 . 5 C H 3 N H 2 ; W . R . L a n g a n d 
C. M . Ca r son , chromic quinquiesethylaminotricJiloride, C r C l 3 . 5 C 2 H 6 N H 2 . H 2 O , a n d chromic 
quaterethylamine, C r C l 3 . 4 C 2 H 5 N H 2 . H 2 O ; a n d chromic quaterethylenediaminotrichloridc9 
C r C l 3 . 4 C 2 H 4 ( N H 2 ) a H 2 0 ; O . N o r d e n s j o l d , mercuric chromic sulphotrithiocyanatodiammine, 
Cr(SCy) 3 (NH 3 ) 2 . 6HgS ; J . S a n d a n d O. K . H . Burger, chromic oxytetrathiocyanatotetram-
miney C r a O ( S C y ) 4 ( N H 3 ) 4 ; a n d chromic oxytetrathiocyanatotetrapyridine, C r 2 O ( S C y ) 4 P y 4 ; 
E , A . W e r n e r , oxaJatotriamminochromic acid9 H C r ( C 2 O 4 ) 2 ( N H 3 ) 3 . 3 H 2 O ; potassium oxalatotri-
amminochro7nate> K C r ( C 2 0 4 ) 2 ( N H 3 ) 3 . 3 H 2 0 ; a n d ammonium oxalatotriamminochromate, 
( N H 4 ) 5 C r 4 ( C 2 0 4 ) 5 ( N H 3 ) 3 . 1 4 H 2 0 . 

R E F E B B N O E S . 
1 G. Aschkinasy, Ueber komplexe Ghromacetate* Zurich, 1910 ; A. Werner and G. Asohkinasy, 

Ber.9 41 . 3458, 1008 ; G. A. Barbieri, Atti Accad. Lincei9 (5), 22. 867, 1913 ; (5), 24. 916, 1915 ; 
A. B e n r a t h , Zeit. anorg. Ghem., 177. 286, 1 9 2 8 ; A. G. B e r g h m a n , Journ. Btcss. Phys. CJiem. 
Soc.9 56. 177, 1925 ; N . Bjerrum, Zeit. phys. Chem.9 59. 581, 1907 ; Ber., 4O. 2917, 1907 ; 
I>. R . Caxnhi, Ueber complexe Ghromsalze9 Ziirich, 1911 ; I . I . ChernyefE, Ann. Inst. Plat. Lenin­
grad, 5, 1927 ; O. T. Christensen, Journ. pralct. Ghem.9 (2), 23 . 27, 1881 ; (2), 24. 75, 1881 ; 
(2), 45. 213, 356, 1881 ; P . T. Cleve, Oefvers. Akad. Forh.9 165, 1861 ; Svensha Akad. Hand., 
6. 4, 1865; Larobok i oorganisk Kemi, Stockholm, 307, 1873; 354, 1877; J. V. Dubsky, 
Journ. pralct. Chem.9 (2), 90. 61, 1914; F . Ephraim and W. Ritter, Helvetica Chini. Acta. 11 . 
848, 1928 ; R. Escales and H. Ehrensperger, Bcr.9 86. 2681, 1903 ; E . Fremy, Gompt. Rend., 47. 
886, 1858 ; G. Florence and E . Couture, Bull. Soc. Chim.9 (4), 39. 643, 1926 ; F. Frowein, Zeit. 
anorg. Ghetn., 110. 107, 1920 ; S. Gura l sky , Ueber JM- und Triamminchromisalze, Ziirich, 1909 ; 
F . H a n s , Ueber G hromi-oxal&aure-halogen (rhodan)-Verbindungen9 Wiirzburg, 1924 ; O. Hassel 
and G. B. Naess, Zeit. anorg. Chem.9 174. 24, 1928 ; C. Hertwig, Liebig*s Ann.* 45. 298, 1843 ; 
A. H i e n d l m a y r , Beitrdge zur Chemie der Chrom- und Kobalt-Ammoniake, Freising, 1907 ; 
F. M. Jager, Zeit. Kryst., 39. 541, 1904 ; S. M. Jorgensen, Journ. prakt. Ghent., (2), 20. 105, 
1879 ; (2), 25. 88, 322, 402, 1 8 8 2 ; (2), 29. 413, 1884; (2), 30. 1, 1 8 8 4 ; (2), 42. 206, 3 8 9 0 ; 
(2), 44. 66, 1891 ; (2), 45. 260, 274, 1892; Zeit. anorg. Ghem.9 16. 195, 1898; M. Klilpatrick, 
Journ. Amer. Ghem* Soc.9 50 . 358, 1928 ; J . A. J w a n o w i t s , Zfas Ghrom in komplexen Ionen, 
Zurich, 1911 ; A. Werner and J . A. Jwanowits, Ber.9 41 . 5462, 1908 ; R. F . Weinland and 
J . A. Jwanowits , ib.9 4 1 . 3233, 1 9 0 8 ; H. J . S. King, Journ. Ghent. Soc., 125. 1329, 1924; 
127. 2100, 1925 ; I . Koppel, ib.9 28. 461, 19Ol ; R. G. Krasnowskaja, Ueber !complex Ghrom-
verbindungen mit Brom- und Rhodanessigsaure, Ziirich, 1912 ; W. R. L a n g a n d C. M. Carson, 
Journ. Amer. Ghem. Soc., 26. 414, 758, 1904 ; W. R. Lang and E . H . Jolliffe, ib.9 26. 417, 
1 9 0 4 ; P . Lar isch , Ueber die Abhdngigkeit der L&slichkeit von der Anzahl der Ionen bei den 
KobalU, Ghrom-, Rhodium-, Iridium-, und Platin-Ammoniaken, Zur ich, 1904 ; J . Meyer and 
Xi. Speioh, Zeit. anorg. Ghem.9 118. 1, 1921 ; J . Morland, Journ. Ghem. Soc.9 13. 252, 1861 ; 
O. Nordenakjold, Zeit. anorg. Ghem.9 1. 132, 1892 ; E . Orloff, Journ. Ghim. Ukraine, 1. 378, 1925 ; 
J . Petersen, Zeit. phys. Ghem., 10. 680, 1892 ; P. Pfeiffer, Zeit. anorg. Ghem., 24. 279, 1900 ; 29. 
107, 19Ol ; 31. 4Ol 1902 ; 36. 349; 1903 ; 55. 97, 1907 ; 56. 261, 279, 1907 ; 58. 228, 272, 292, 



410 INORGANIC AND THEORETICAL CHEMISTRY 

317, 1908 ; in TJ. Gmelin a n d K . K r a u t , Handbuch der anorganischen Chemie, Heidelberg, 3 . i , 
489, 1912 ; Liebigys Ann., 342. 283, 1906 ; 346. 28, 1906 ; Ber.9 33. 2686, 1900 ; 84. 2559, 4303, 
1901 ; 36. 1926, 1903 ; 37. 4255, 1904 ; 39. 1864, 1906 ; 40. 3126, 3828, 4026, 4036, 1907 ; 
P . Pfeiffer a n d S. Basoi, ib., 38. 3594, 1905 ; Liebig's Ann., 346. 46, 1906 ; S. Based, Beitrag zur 
Chemie ammoniakalischer Chromsalze, Ziirich, 1907 ; P . Pfeiffer a n d T . Gassmann , Liebig^s 
Ann., 346. 59, 1906 ; Zeit. anorg. Chem., 58 . 301 , 1908 ; M. H a i m a n n , Ueber Coordinationsisomerie 
bei Chromiaken, Ziirioh, 1912 ; P . Pfeiffer a n d M. H a i m a n n , Liebig'a Ann., 846. 72, 1906 ; Ber.9 
36. 1063, 1903 : P . Koch , Beitrdge zur Stereoisomerie der Chromsalze, Ziirioh, 1905 ; P . Pfeiffer 
a n d P . Koch , Ber., 37. 4268, 4282, 1904 ; Zeit. anorg. Chem., 56. 293, 1907 ; P . Pfeiffer a n d 
T . O . Lando , ib., 56. 292, 1907 ; Ber., 37. 4275, 1904 ; T. G. Lando , Beitrag zur Kenntnis der 
Aquo- tend £>iacido-diaethylendiaminchromsalze, Zurich, 1904 ; W . Osann, Zur Chemie der 
L>ipyridinchromsaZze, Ziirich, 1907 ; P . Pfeiffer a n d W. Osann, Ber., 39. 1873, 2121, 1906 ; 40. 
4031, 1907 ; P . Pfeiffer a n d H . Pietsch, Zeit. anorg. Chem., 58. 297, 1908 ; P . Pfeiffer a n d R . P r a d e , 
ib.9 58. 249, 1908 ; P . Pfeiffer a n d R . S t e m , ib., 58. 240, 280, 1908 ; Ber.9 40 . 2832, 1907 ; 
J . N . Brons ted a n d A. Petersen, Journ. Amer. Chem. Soc, 43 . 2265, 1921 ; R . Stern , Beitrag 
zur Chemie der Aguochromsalze, Ziirich, 1908 ; M. Tapuach , Zur KenrUnis der Hydratisomerie bei 
Di- und TrihaJogenochromsalzen, Zurich, 1907 ; P . Pfeiffer a n d M. Tapuach , Ber.9 39 . 1874, 1879, 
1906 ; 40. 4043, 1907 ; Zeit. anorg. Chem., 49 . 437, 1906 ; P . Pfeiffer a n d M. Tilgner, ib., 55. 
366, 1907 ; 58. 439, 1908 ; P . Pfeiffer a n d A. Tr ieschmann, ib.9 56. 283, 1907 ; Biebig's Ann.9 342. 
283, 1906 ; Ber.9 37. 4287, 1904 ; 40. 3837, 1907 ; A. Tr ieschmann, Beitrag zur Stereoisomerie 
und Koordinalionsisomerie bei Chromsalzen, Ziirich, 1906 ; P . Pfeiffer a n d W . Vorster , Zeit. 
anorg. Chem., 58 . 286, 1908 ; F . Pint t is , Ueber die Existenz des einwertigen Chroms und den Einfiuss 
der Komplexkonstitution auf die Bildung chromorganischer Verbindunge?i, H<eipzig, 1928 ; P . R a y 
a n d P . B . Sarkar , Journ. Indian Chem,. Soc, 1. 91 , 1924 ; A. Recoura , Bull. Soc. Chirn., (3), 27. 
1156, 1902 ; P . Schiitzenberger, Com.pt. Bend., 66. 814, 1868 ; A. Reinecke, Liebigys Ann., 126. 
13 3, 1863 ; E . H . Riesenfeld and F . Seemann, Ber., 42. 4231, 1909 ; F . Seemann, Ueber Ohromi-
aquo-Triammine, Fre iburg, 1910 ; A. Rosenheim a n d !L. Cohn, Zeit. anorg. Chem., 28 . 337, 1901 ; 
Li. Cohn, Ueber den direkten Ersatz von Ammoniah in Metallam/moniaken durch Sdurereste, Zurich, 
1906 ; J . Sand a n d O. K . H . Burger , Ber., 39. 1772, 1906 ; H . I . Schlesinger and R . K . Worner , 
Journ. Amer. Chem. Soc, 5 1 . 3520, 1929 ; H . I . Schlesinger and I>. N . Rickles, ib., 5 1 . 3523, 1929 ; 
H . Schwarz, Ueber die Beziehungen zwischen Metallammoniaken und komplexen Salzen, Zurich, 
1903 ; W . J. SeIJ, Proc Roy. Soc, 33. 267, 1882 ; 45 . 321 , 1889 ; J . A. Siemssen, Ueber komplexe 
V erbindungen mit NIJ^- oder amminhaltigen negativen Badikalen, Zurich, 1909 ; O. Stelling, 
Zeit. Elektrochem., 34. 520, 1928 ; M. Siewert, Zeit. ges. Naturunss., 18. 244, 1861 ; C. W . Vincent , 
Phil. Mag., (4), 13 . 191, 1857 ; R . F . Weinland, Ber., 4 1 . 3237, 1908 ; 42 . 3828, 1909 ; R . F . Wein-
l and and E . Bi i t tner , Zeit. anorg. Chem., 67. 171, 1910 ; E . Bi i t tner , Ueber grune und violette 
komplexe Chromiacetate, Tubingen, 1918 ; R . F . Wein land a n d K. Feige, Ber., 36. 244, 1903 ; 
R . F . Wein land a n d E . Gussmann, Ber., 42. 3881, 1909 ; Zeit. anorg. Chem., 67. 167, 1910 ; 
R . K r e b s , Ueber Chromchloridsulfate und Chromsulfate, Tubingen, 1906 ; R . F . Wein land a n d 
R . Krebs , Zeit. anx>rg. Chem., 48. 251, 1906 ; 49 . 16O, 1906 ; R . F . Wein land a n d T. Schumann , 
ib.9 58 . 176, 1908 ; Ber., 40. 3091, 1907 ; R . Weinland a n d W . Hiibner , Zeit. anorg. Chem,., 178. 
275, 1929 ; R . Weinland and J . Lindner , ib., 190. 285, 1930 ; E . W e i n m a n n , Diammidoverbin-
dungen mit besonderer Bilcksichtnahme auf die Tetrarhodanatodiamido-chromi-Salze, Ziirich, 1919 ; 
A. "Werner, Neue Anschauungen auf dem Oebiete der anorganische Chemie, Braunschweig , 290, 
1 9 0 8 ; London , 1911 ; Zeit. anorg. Chem., 3 . 293, 1 8 9 3 ; Ber., 39. 2663, 1906 ; 43 . 2290, 1 9 1 0 ; 
44. 3132, 1911 ; A. Werner and J. V. Dubsky , ib., 40. 4089, 1907 ; J . V. Dubsky , Ueber basische 
Salze, deren Zusammensetzung und Beziehungen, Zurich, 1908 ; A. Werner and A. Oubser , Ber., 
34. 1579, 1901 ; 39. 1823, 1906 ; Liebig's Ann., 322. 337, 1902 ; A. Gubser , Ueber die Hydrate 
des ChromchZoride, Ziirich, 1900 ; J . von H alb an , Uritersuchungen Hber Chromammoniakverbin-
dungen, Zurich, 1902 ; L. A. WeIo, Phil. Mag., (7), 6. 481 , 1928 ; A. Werner and J . v o n H a l b a n , 
Ber.9 39. 2669, 1906 ; A. Werner and R. Huber , ib., 39. 336, 1906 ; A. Werne r a n d X). K a l k m a n n , 
Liebig^s Ann., 322. 296, 1902 ; A. Werner and J. L . Klein, ib., 35. 283, 1902 ; J . L . Klein , Ueber 
Tetraquodiammin- und Z>iacidodiaquo-diamminchromsalze, Zurich, 1902 ; A. Werne r a n d 
A . Miolati , Zeit. phys. Chem., 14. 508, 1894 ; A. Werner a n d G. Richter , Zeit. anorg. Chem., 15. 
261 , 1897 ; E . A. Werner , Journ. Chem. Soc, 58. 409, 1888 ; 8 5 . 1438, 1904 ; E . Wilke-Dorfur t 
a n d GL BaIz, Zeit. anorg. Chem., 159. 197, 1927 ; E . Wilke-Dorfurt , G. BaIz a n d A. We inha rd t , 
ib., 185 .417 , 1930 ; E . Wilke-Dorfurt a n d K . Niederer , ib., 184. 145, 1929 ; E . Wilke-Ddrfur t 
a n d H . G. Mureck, ib.9 184. 121, 1930 ; E . Wilke-Dorfurt and R . Pfau, Zeit. Elektrochem., 36. 118, 
193O ; E . Wilke-Dorfurt a n d A. Weinha rd t , Zeit. anorg. Chem., 184. 147, 1929. 

§ 85. The Complex Salts of Chromic Chloride 
S. M. Jdrgensen * treated mercuric chromic hexamminochloride—made by 

adding mercuric chloride to a hydrochloric acid so In. of chromic hexamminonitrate 
—with hydrogen sulphide, and obtained a liquid from which yellow crystals of 
chromic hexamminotrichloride, [Cr(NHg)6]CIg-H2O, were obtained. The salt is 
freely soluble in water ; and when treated with hydrochloric acid, i t forms the 
chloropentamminodichloride, [Cr(NH3)5C1]C12. W. Biltz and E . Birk gave 1*585 
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for the sp. gr. of the hexammine at 25°/4° and 175-8 for the mol. vol. Y. Shibata 
measured the absorption spectrum. S. Aoyama and co-workers studied the 
X-ray absorption and constitution. A. Werner and A. Miolati found that a mol 
of the salt in v-litrea of water at 25° had the mol. conductivity /x ; 

v . . 1 2 5 250 50O 10OO 2000 
fju . . 353-5 388-6 418-8 441-7 463-6 mhos. 

E. Birk studied the mol. vol. of the ammonia in the ammines. H. J. S. King 
calculated 180-0 for the ionic mobility at 0° and 370-2 at 25°. F. Ephraim 
and P. Mosimann discussed the solubilities of the hexammines ; O. Stelling, 
the X-ray spectrum ; and H. Lessheim and co-workers, the electronic structure. 
A. Benrath found that in the presence of hydrochloric acid the stable phase is 
[Cr(NHs)5Cl]Cl2- P. Pfeiffer also prepared chromic trisethylenedi&minotrichloride, 
[Cr en3]Cl3,3JH20. O. T. Christensen obtained chromic aquopentamminotri-
chloride, [Cr(H2O)(NHg)5]Cl3, from a soln. of the base in hydrochloric acid. 
S. M. Jorgensen also prepared this salt. The orange-yellow crystals are freely 
soluble in water. The dil. aq. soln. is decomposed when boiled, but the acidified 
soln. is more stable. When boiled with hydrochloric acid, the chloropentammino-
chloride is formed. All three chlorine atoms are immediately precipitated by the 
addition of silver nitrate. F. Ephraim and W. Hitter obtained the salt by the 
action of an ammoniacal soln. of ammonium nitrate on potassium or ammonium 
chromic chloride. H. J. S. King also prepared this salt ; and he gave for the 
conductivity, /x mhos, of a mol. of the salt in v litres at 0° : 

v . . 3 2 6 4 1 2 8 2 5 6 5 1 2 1 0 2 4 
/x . . 1 6 9 - 5 1 8 6 - 3 1 9 7 - 6 2 1 8 - 4 2 3 2 - 9 2 4 7 - 8 

For the mol. conductivity, /z, of soln. of a mol of the salt in v litres of water at 25°, 
A. Werner and A. Miolati gave : 

v . . 1 2 5 2 5 0 5OO 1 0 0 0 2 0 0 0 
ix . . 221-O 2 3 9 - 3 2 5 2 0 2 6 1 0 2 7 1 - 6 

Values were also obtained by H. J. S. King who gave 174-3 for the ionic mobility 
at 0° of the [Cr(NH3)5(H20)T* -ion. F. Ephraim and W. Kitter found that the 
salt absorbs ammonia at a Iow temp., and the decomposition curve shows breaks 
corresponding with a tetrammine, and doubtful breaks for the hexammine and 
diammine. A. Benrath found that the stable phase in the presence of hydrochloric 
acid is [Cr(NHg)5Cl]Cl2. P. Pfeiffer prepared chromic diaquotetramminotri-
Chloride, [Cr(H2O)2(NHg)4]Cl3, from a hydrochloric acid soln. of chromic hydroxy-
aquotetramminodithionate. The brick-red crystalline powder is soluble in water. 
The cone. aq. soln. gives an orange-red precipitate with potassium cobalticyanide 
and a brick-red precipitate with cone, hydrochloric or hydrobromic acid. Silver 
nitrate precipitates all three chlorine atoms. The salt gradually passed into 
the aquochlorotetramminodichloride. B. H. Riesenfeld and F. Seemann, and 
F . Frowein prepared chromic triaquotriamminotrichloride, [Cr(NHa)3(H2O)3]Cl3, 
by dissolving chromic tetroxytriammine in dil. hydrochloric acid and passing 
hydrogen chloride into the resulting soln. After a time, bright red, needle-shaped 
crystals of the triaquotriamminotrichloride separate. If the hydrogen chloride is 
passed in for too long a time, the soln. becomes green in colour, and crystals of 
either the dichromic or the grey dichloroaquotriamminochloride, are obtained. 
A. Werner obtained the salt by dissolving chromium triamminotetroxide in 
hydrochloric acid (1 : 4) and saturating the cold soln. with hydrogen chloride ; he 
also obtained it hy covering a mixture of a gram of dichloroaquotriamminochloride 
and 8 c.c. of water with 5 c.c. of pyridine, and adding solid potassium iodide ; the 
resulting chromium triamminotriaquohydroxyiodide is treated with cone, hydro­
chloric acid, and the resulting triamminotriaquotrichloride is purified by passing 
hydrogen chloride through the aq. soln. F. Frowein found that the dichloroaquo-
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triamminochloride in aq. soln. gradually changes into the chlorodiaquotriam-
minodichloride ; and this, in turn , into the triaqiiotriamminotrichloride. The 
changes can be followed by the change of colour of the soln., t h a t of the 
monoaquo-salt being blue, t h a t of the diaquo-salt reddish-violet, and t h a t of 
the triaquo-salt red. These changes are more rapid the more dil. the soln. The 
conductivity of the monoaquo-compound is lowest, t h a t of the tr iaquo-compound 
highest, so tha t the change is accompanied by a gradual increase in conductivity 
of the soln. No direct transformation of the mono- into the tri-aquo-salt occurs, 
bu t the diaquo-salt is always the first hydration product of the monoaquo-compound. 
The measurements agree with the hypothesis t h a t the compounds contain no water 
outside the inner sphere, t h a t is, they are purely co-ordinated compounds. The 
soln. of the tr iaquo-compound undergoes slow decomposition, the conductivity 
curve first showing a maximum, followed by a minimum. Deposition of chromium 
hydroxide eventually takes place, bu t intermediate complex compounds are 
probably first formed. A. Werner also prepared chromium triarnminotriaquo-
dichloronitrate, [Cr(H2O)3(NHg)3]Cl2(NO3), and also chromium triamminotriaquo-
triperehlorate, [Cr(H20)3(NH3)3l(C104)3. 

P . PfeifTer and R. Stern prepared chromic cis-diaquobisethylenediaminotri-
chloride, [Cr en2(H20)2]CI3 .2H20, and P. Pfeiffer and R. Prade obtained the trans-
salt ; A. Werner and J . L. Klein obtained chromic tetraquodiamminotrichloride, 
[Cr(H20)4(NH3)2]Cl3 , from a hydrochloric acid soln. of the bromide. The pale red, 
monoclinic prisms are freely soluble in water, and insoluble in alcohol. P . Pfeiffer, 
and P . PfeifEer and M. Tapuach prepared chromic tetraquodipyridinotribromide, 
I CrPy2(H2O)4]Br3 .2H2O. The preparation of chromic hexaquotrichloride, 
[Cr(H2O)6]Cl3, by N. Bjerrum, A. Werner and A. Cubser, A. "Werner and R. Huber, 
A. Weinland and R. Krebs, R. F . Weinland and T. Schumann, and P . PfeifEer has 
been previously described. 

H. J . S. King prepared rose-red needles of chromic hydroxypentamminochloride, 
[Cr(NH3)6(OH)]Cl2.H2O, by dissolving the aquopentamminochloride in cone. 
ammonia, and precipitating with alcohol. He gave for the conductivity, /x mho, of 
a mol of the salt in v litres a t 0° and 25° : 

v 32 64 128 256 512 1024 
0° . . 108-8 119-0 127-5 134-9 138-8 147-2 
25° . 206-2 225-7 2 3 9 0 2 5 3 0 261-9 274-6 

He calculated 73-3 for the ionic mobility a t 0° and 131-8 a t 25°. P . Pfeiffer 
and K. Stern prepared chromic cis-hydroxyaquobisethylenediaminodichloride, 
[Cr en 2 (H 2 0)(OH)]01 2 .H 2 0; P . PfeifEer, chromic hydroxydiaquodipyridinodi-
chloride, [CrPy2(H2O)2(OH)]Cl2 ; and O. T. Christensen, chromic nitritopentam-
minodichioride, [Cr(NH3)5(N02)]Cl2 , by the action of dil. nitric acid on the chloride 
of the series. A. Werner and A. Miolati found the electrical conductivity of soln. 
with a mol of the salt in 125, 250, 500, 1000, and 2000 litres of water a t 25° to be 
respectively JJ,=221-0, 2 3 9 3 , 2520 , 261-0, and 271-6. 

S. M. Jorgensen prepared chromic cMoropentamminodichloride, [Cr(NHg)5Cl]Cl2, 
by reducing, say, 25 grms. of violet chromic chloride with hydrogen a t a red-heat, 
and treat ing the product with a soln. of ammonium chloride in cone. aq. ammonia. 
Air is then passed through the blue liquid until oxidation is complete. Two 
litres of hydrochloric acid are added and the mixture is boiled for a few minutes 
when the salt separates as a carmine-red powder. This is washed with a mixture 
of hydrochloric acid (1 : 1), dissolved in dil. sulphuric acid, and filtered into a 
great excess of cold, cone, hydrochloric acid. The precipitate is boiled with 
hydrochloric acid, washed first with cold acid and water, then with alcohol, 
and finally dried in air a t ordinary temp. F . JEphraim and W. Ri t ter obtained 
the salt by the action on potassium or ammonium chromic chloride of an 
ammoniacal soln. of ammonium ni t ra te . O. T. Christensen obtained i t by reducing 
a soln. of potassium dichromate with alcohol and hydrochloric acid, and treated 
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t h e c lear l i qu id in t h e a b s e n c e of a i r w i t h cone , h y d r o c h l o r i c ac id a n d zinc. T h e 
b l u e l i qu id w a s t h e n d iges t ed w i t h a m m o n i u m chlor ide a n d cone , a m m o n i a , a n d 
a i r pa s sed t h r o u g h t h e l iquor . T h e soln. w a s t h e n boi led a s h o r t t i m e w i t h cone, 
h y d r o c h l o r i c ac id . O. T . Chr i s tensen , a n d W . R . L a n g a n d C. M. Carson also 
made t h e s a m e sa l t b y d iges t ing v io le t ch romic chlor ide w i t h l iqu id a m m o n i a . 
A . W e r n e r a n d J . v o n H a l b a n , S. M. Jo rgensen , a n d O. T. Chr i s t ensen also 
p r e p a r e d t h i s s a l t b y t h e a c t i o n of hydroch lo r i c ac id on some of t h e o t h e r c h r o m i c 
a m m i n e s . S. M. J o r g e n s e n desc r ibed t h e sa l t a s a r ed crys ta l l ine p o w d e r cons is t ing 
of o c t a h e d r a of s p . gr . 1*687. R . K l e m e n t g a v e 1-696 for t h e sp . gr. a n d 143-7 
for t h e mo l . vo l . Y . S h i b a t a m e a s u r e d t h e a b s o r p t i o n s p e c t r u m . A. W e r n e r a n d 
A. Miola t i f o u n d t h a t a mo l of t h e s a l t i n v l i t res of w a t e r a t 25° h a s t h e mo l . 
c o n d u c t i v i t y , /JL : 

v . . 1 2 5 2 5 0 5 0 0 IOOO 20OO 

ft . . 2 2 1 - 7 2 3 9 - 0 2 5 0 - 5 2 6 0 - 2 2 6 9 - 9 

H . J . S. K i n g g a v e for t h e c o n d u c t i v i t y , /A m h o s , of a moJ of t h e sa l t in v l i t res : 

v . . 64 128 256 512 1024 
i0° . . 1 2 3 1 131-1 137-2 142-3 147-6 

** $25° . . 230-3 244-5 255-O 264-4 276-8 
T h e ionic m o b i l i t y a t 0° is 75*2 a n d a t 25°, 139-7. E . R o s e n b o h m found t h e m a g n e t i c 
suscep t ib i l i ty t o b e 25-76 X 10~~6 m a s s u n i t s ; a n d L . A. WeIo g a v e 24-80 X 1 O - 6 . 
A . B e n r a t h f o u n d t h a t t h e s a l t is s t a b l e i n t h e p re sence of hyd roch lo r i c ac id . 
S. M. J o r g e n s e n f o u n d t h a t 100 g r m s . of w a t e r a t 16° d isso lve 0-65 g r m . of t h e sa l t 
f o rming a v io le t - red soln . wh ich , w h e n e x p o s e d t o l igh t , depos i t s h y d r a t e d ch romic 
ox ide . W h e n t h e soln. is k e p t i n t h e d a r k , or bo i led , i t passes i n t o t h e aquoch lo ro -
t e t r a m m i n o d i c h l o r i d e . W h e n t h e a q . soln . i s bo i l ed i t fo rms t h e a q u o p e n t a m m i n o -
ch lor ide ; bo i l ing soda- lye p r e c i p i t a t e s c h r o m i c h y d r o x i d e . T h e r a t e of hydro lys i s 
of t h e s a l t w a s i n v e s t i g a t e d b y A. W e r n e r a n d A. Miola t i , A . !B. L a m b a n d 
J . W . M a r d e n , H . F r e u n d l i c h a n d H . P a p e , a n d H . F r e u n d l i c h a n d R . Ra r t e l s . 
S. M. J o r g e n s e n a d d e d t h a t t h e a q u o c h l o r o t e t r a m m i n o d i c h l o r i d e g ives t h e following 
r e a c t i o n s : W i t h s o d i u m hypoch lo r i t e , n i t r o g e n is evo lved , a n d t h e c h r o m i u m is 
ox id i zed t o c h r o m i c ac id . I t s soln . g ives a p r e c i p i t a t e w i t h cone , hydroch lor ic 
ac id , owing t o t h e in so lub i l i t y of t h e ch lor ide in ac id . W i t h h y d r o b r o m i c acid , 
i t g ives a c rys t a l l i ne p r e c i p i t a t e of t h e b r o m i d e , a n d w i t h sol id p o t a s s i u m iodide 
one of t h e iod ide . W h e n boi led w i t h p o t a s s i u m c y a n i d e , i t t u r n s yel low. Cone, 
n i t r i c ac id p r e c i p i t a t e s t h e ch lo ro -n i t r a t e . Hydros i l icof luor ic ac id t h r o w s d o w n 
t h e r e d c rys t a l l ine chlorof luosi l icate . P l a t i n i c ch lor ide p rec ip i t a t e s , even from a 
v e r y d i l . so ln . , t h e c h l o r o p u r p u r e o c h r o m i u m p la t inoch lo r ide . S o d i u m bro ino-
p l a t i n a t e gives a n a n a l o g o u s p r e c i p i t a t e . Mercur ic ch lor ide g ives r e d needles of 
t h e d o u b l e sa l t . P r e c i p i t a t e s a r e also p r o d u c e d b y p o t a s s i u m mercu r i c b r o m i d e 
a n d iod ide , b y s o d i u m d i t h i o n a t e , p o t a s s i u m c h r o m a t e , a n d d i c h r o m a t e , a m m o n i u m 
m o l y b d a t e , a n d p h o s p h o m o l y b d a t e , a n d b y p icr ic a n d oxa l ic ac ids . I n these 
r e spec t s t h i s s a l t c losely r e sembles t h e ana logous coba l t sa l t . O n t r e a t m e n t w i t h 
s i lver n i t r a t e o n l y t w o a t o m s of ch lor ine a r e r e m o v e d , a n d t h e ch lo ro -n i t r a t e is 
fo rmed . B y r u b b i n g t h e sol id ch lor ide w i t h s i lver ox ide a n d w a t e r t h e a q u o ­
c h l o r o t e t r a m m i n o d i c h l o r i d e i s fo rmed . S. M. J o r g e n s e n a lso p r e p a r e d t h e su lph ide , 
s u l p h a t e , h y d r o s u l p h a t e , d i t h i o n a t e , fluosilicate, n i t r a t e , b r o m i d e , iodide , oxa l a t e , 
f e r r o c y a n i d e , a n d c h r o m a t e , a s well a s c o m p l e x m e r c u r y a n d p l a t i n i c ha l ides of t h e 
c h r o m i c c h l o r o p e n t a m m i n e s . I \ E p h r a i m a n d W . R i t t e r found t h a t t h e chloro-
p e n t a m m i n o d i c h l o r i d e does n o t a b s o r b a m m o n i a ga s . 

I n 1858, E . F r e m y o b t a i n e d a s a l t wh ich P . T . CIeve s h o w e d t o b e chromic 
cbloroaquotetrammiriodichloride , [Cr(NH 3 )^(H 2 O)Cl]Cl 2 . I t w a s p r e p a r e d b y 
a l lowing a s a t . soln. of c h r o m i u m chlor ide in a q . a m m o n i a t o s t a n d i n a closed 
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vessel u n t i l t h e l iqu id a c q u i r e d a r e d co lour ; i t was t h e n exposed t o t h e a i r w h e n i t 
depos i t ed a d a r k redd ish-v io le t p o w d e r . T h e soln. of t h e sa l t in hyd roch lo r i c ac id , 
w h e n t r e a t e d w i th a n excess of cone , hyd roch lo r i c acid , furn ished rose- red c rys t a l s of 
t h e a q u o c h l o r o t e t r a m m i n o d i c h l o r i d e . S. M. J o r g e n s e n o b t a i n e d t h e sa l t b y h e a t i n g 
a cone. aq . soln. of 100 g r m s . of a m m o n i u m d i c h r o m a t e w i th 300 c.c. of h y d r o c h l o r i c 
ac id of sj}. gr . 1-17, 20O g r m s . of a m m o n i u m chlor ide, a n d 60—70 c.c. of a lcohol , 
a n d e v a p o r a t i n g t o d r y n e s s . T h e p r o d u c t was diges ted for 24 h o u r s w i t h a l i t r e of 
cone , a m m o n i a ; t h e res idue -was dissolved in hydroch lo r i c ac id , a n d t r e a t e d 
a n e w w i t h a m m o n i a . T h e a m m o n i a c a l soln. w a s m i x e d w i t h 4 l i t r es of cone , 
hydroch lo r i c ac id ; t h e p r e c i p i t a t e was freed from a m m o n i u m chlor ide b y h y d r o ­
chlor ic ac id (1 : 1). T h e m i x t u r e w a s dissolved in w a t e r a n d t r e a t e d w i t h a so ln . 
of a m m o n i u m s u l p h a t e ( 1 : 5 ) , a n d t h e p r e c i p i t a t e w a s h e d w i t h cold w a t e r ; a n d 
d iges ted w i t h hyd roch lo r i c ac id ( 1 : 1 ) . S. M. J o r g e n s e n also o b t a i n e d t h e s a l t a s 
a b y - p r o d u c t in p r e p a r i n g t h e o x a l a t o t e t r a m m i n o n i t r a t e . P . PfeifTer a n d S. J3asci 
a g i t a t e d IOO g r m s . of green h e x a h y d r a t e d ch romic chlor ide w i t h 155 c.c. of p y r i d i n e ; 
a n d af te r a d d i n g 600 c.c. of wa te r , a l lowed t h e m i x t u r e t o s t a n d for 7 t o 
10 h r s . Ten g r a m s of t h e d iaquod ipyr id inoch lo r ide were d iges ted w i t h 56 c.c. of 
25 p e r cen t . a q . a m m o n i a a t 45° t o 48°. T h e deep redd ish-v io le t soln. w a s t r e a t e d 
w i t h 68 c.c. of hydroch lo r i c acid of sp . gr . 1*19. After s t a n d i n g 4 or 5 h r s . a t 
o r d i n a r y t e m p . , t h e p r i sma t i c c rys ta l s were s e p a r a t e d f rom t h e m o t h e r - l i q u o r . 
P . Pfeifier o b t a i n e d t h e s a m e sa l t f rom t h e d i a q u o t e t r a m m i n o c h l o r i d e a n d h y d r o ­
chlor ic ac id . The deep red r h o m b i c c rys ta l s a re s t ab l e in air , b u t n o t if e x p o s e d 
t o l igh t . J . P e t e r s o n o b t a i n e d a mol . w t . 262 b y t h e f . p . m e t h o d w h e n t h e t h e o r e t i c a l 
v a l u e is 251-5. Y . S h i b a t a m e a s u r e d t h e a b s o r p t i o n s p e c t r u m . A . W e r n e r a n d 
A . Miola t i found t h a t a mol of t h e sa l t in v l i t res of w a t e r h a d t h e mo l . c o n d u c t i v i t y , 
fz9 a t 25° , 

v . . 1 2 5 2 5 0 5 0 0 100O 2 0 0 0 
fx . . 2 1 2 - 6 2 3 1 - 6 2 4 5 - 6 2 6 1 - 2 2 7 4 - 8 

S. M. J o r g e n s e n found t h a t 100 g r m s . of w a t e r a t 15° dissolve 6-4 g r m s . of t h e sa l t . 
T h e sa l t is decomposed w h e n t h e soln. in w a t e r or a lkal i - lye is boiled ; hyd roch lo r i c 
ac id p r ec ip i t a t e s t h e sa l t f rom t h e aq . soln. Oxal ic ac id p r e c i p i t a t e s f rom t h e soln . , 
a f ter s t a n d i n g some weeks , C r 2 ( C 2 0 4 ) 3 . 6 N H 3 . 3 H 2 O ; a m m o n i u m o x a l a t e p r e c i p i t a t e s 
f rom t h e w a r m soln. c h r o m i c o x a l a t e t e t r a m mi no chlor ide a n d wi th p o t a s s i u m t h i o -
c y a n a t e , P . Pfeiffer a n d M. Ti lgner o b t a i n e d chromic d i t h i o c y a n a t o t e t r a m m i n o t h i o -
c y a n a t e ; w i t h p y r i d i n e a n d s o d i u m d i t h i o n a t e , P . PfeifEer o b t a i n e d c h r o m i c 
h y d r o x y a q u o t e t r a m m i n o d i t h i o n a t e . P . T . Cleve found t h a t cone , su lphu r i c ac id 
expels on ly t w o - t h i r d s of t h e chlor ine as hydroch lo r i c ac id ; a n d S. M. J o r g e n s e n , 
t h a t a n i t r i c ac id soln. of s i lver n i t r a t e p rec ip i t a t e s on ly t w o - t h i r d s of t h e ch lor ine 
a s s i lver ch lor ide . T h e r e a r e also t h e su lpha t e , su lph ide , n i t r a t e , i luosi l ica te , 
b r o m i d e , iod ide , o x a l a t e , a n d c h r o m a t e as well a s complexes of t h e ch lo r ide w i t h 
t h e mercu r i c a n d p la t in i c ch lor ides of t h e a q u o c h l o r o t e t r a m m i n e s . N . !Bjerrum, 
R . F . W e i n l a n d a n d R . K r e b s , R . F . W e i n l a n d a n d T. S c h u m a n n , a n d A. R e c o u r a 
described chromic chloropentaquodichloride, [Cr(H2O)6Cl]Cl2—vide supra. 
H . J . S. K i n g found t h e c o n d u c t i v i t y , ft m h o s , of a mol of t h e sa l t i n v l i t res , t o b e : 

v 64 128 256 512 1024 
J O 0 . . 134-8 1 4 2 1 146-8 151-2 
** i 25° . . 232-3 247-7 261-5 272-9 280-6 

B . K l e m e n t g a v e 1-961 for t h e s p . gr . , a n d 143-7 for t h e m o l . vo l . A . W e r n e r a n d 
A . Mio la t i f o u n d t h a t a soln. of a m o l of t h e sa l t i n 125, 250, 500, 1000, a n d 2000 
l i t r e s of w a t e r a t 25° h a d t h e mo l . c o n d u c t i v i t y ^ = 2 3 5 ' 7 , 257-5, 270-6, 280-1 , a n d 
283-6 r e spec t ive ly . P . T . Cleve p r e p a r e d chromic b r o m o a q u o t e t r a m m i n o d i -
ch lor ide , [Cr (NHa) 4 (H 2 O)Br ]Cl 2 , b y t h e ac t ion of fuming h y d r o c h l o r i c ac id on 
t h e b r o m i d e . 8 . M. J o r g e n s e n p r e p a r e d chromic indop^irit^wir»ijftofii#>lil^yifl|^ 
[Cr(NH8)Sl]CIg* b y t h e a c t i o n of hyd roch lo r i c ac id on t h e iod ide . A . W e r n e r 
a n d A . Mio l a t i f o u n d t h a t a m o l of t h e sa l t in 125, 25O, 500T 100O, a n d 2000 l i t r es 
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of w a t e r a t 25° h a d t h e m o l . c o n d u c t i v i t y /u,=273-8, 292-5, 312-1 , 326-9, a n d 
342-8 respec t ive ly . T h e c h l o r o p l a t i n a t e w a s also o b t a i n e d . F . F r o w e i n , a n d 
F . H . Riesenfe ld a n d F . S e e m a n p r e p a r e d c h r o m i c ch lorod iaquotr iamminod i -
Chloride, [Cr (NHs) 3 (H 2 O) 2 Cl]Cl 2 , b y boi l ing a n a q . soln. of one of t h e i somer ic 
d i c M o r o a q u o t r i a m m i n o c h l o r i d e s , a n d e v a p o r a t i n g t h e l iquid . T h e v io le t - red 
c r y s t a l s f o rm a r e d soln . w i t h w a t e r . F o r t h e c o n d u c t i v i t y a n d t h e ac t ion of 
w a t e r , vide supra, t h e t r i a q u o t r i a m m i n o t r i c h l o r i d e . A. W e r n e r a n d J . v o n H a l b a n 
p r e p a r e d c h r o m i c thiocyaxLatopentammmodichloride, [Cr(NH 3 J 5 (SCy)]Cl 2 . 

F . F r o w e i n , a n d E . H . Riesenfe ld a n d F . S e e m a n n p r e p a r e d c h r o m i c d i ch loro -
aQLUOtriamminochloride, [C r (NH 3 ) 3 (H 2 0)C l 2 ]C l , b y a d d i n g cone, hydroch lo r i c ac id 
t o a soln. of c h r o m i u m t r i a m m i n o t e t r o x i d e in well-cooled, dil . hydroch lo r i c ac id , 
a n d a l lowing t h e soln . t o s t a n d for s o m e t i m e . T h e reddish-v io le t , d ichroic c rys ta l s 
f o r m a b l u e soln . w i t h w a t e r . If cone , h y d r o c h l o r i c ac id is u sed i n s t e a d of t h e dil . 
ac id , a l i g h t g r een soln. is o b t a i n e d , f rom w h i c h g rey , need le - shaped c rys t a l s of a 
s econd modi f ica t ion of t h e a b o v e ch lor ide s e p a r a t e , w h i c h is scarce ly soluble in 
cold w a t e r , b u t dissolves in h o t w a t e r t o a r e d soln . A t h i r d modif ica t ion is o b t a i n e d 
b y h e a t i n g a h y d r o c h l o r i c ac id so ln . of t h e first ch lo r ide for some t i m e a t 60° . T h e 
soln . g r a d u a l l y becomes g reen i n colour , a n d on e v a p o r a t i o n in a des icca tor , d a r k 
g reen c rys t a l s a r e o b t a i n e d w h i c h dissolve in w a t e r t o a g reen soln. N o n e of 
t h e s e t h r e e ch lor ides r ead i l y loses w a t e r , w h i c h is the re fo re p r o b a b l y c o n t a i n e d 
i n t h e c o m p l e x in all t h r e e sa l t s . I n all p r o b a b i l i t y t h e y a r e s t e reo i somer ides : 

/ Cf I I Cr I J Cr / 

^T 3* 4 ^2TE* dr^rp 

A t p r e s e n t i t is imposs ib le t o s a y w h i c h f o r m u l a c o r r e s p o n d s w i t h wh ich i somer ide . 
F o r t h e e lec t r ica l c o n d u c t i v i t y , a n d hyd ro ly s i s , vide supra, t h e t r i a q u o t r i a m m i n o ­
t r i ch lo r ide . F . P i n t u s p r e p a r e d complexes w i t h a lcohol , [Cr (C 2 H 6 -OH) 3 Cl 3 ] , a n d 
w i t h t h i o u r e a , [Cr(C 3 SN 2 H^) 3 Cl 3 ] . 

A . W e r n e r a n d J . Li. K le in , a n d A. W e r n e r a n d J . V. D u b s k y p r e p a r e d chromic 
d ihydroxydiaquodiamminoch lor ide , [ C r ( O H ) 2 ( H 2 O ) 2 ( N H 3 J 2 ] C L H 2 O , b y a d d i n g 
a m m o n i a or p y r i d i n e t o a cone . a q . soln. of t h e t e t r a q u o d i a m m i n o c h l o r i d e ; or b y 
t r e a t i n g t h e b r o m i d e of t h e series w i t h r u b i d i u m ch lor ide . T h e c rys t a l s a re lilac 
or r edd i sh -v io le t . R . F . W e i n l a n d a n d co-workers , a n d A. R e c o u r a also p r e p a r e d 
t h e c o r r e s p o n d i n g s u l p h a t e . P . Pfeiffer, a n d P . Pfeiffer a n d W . O s a n n p r e p a r e d 
c h r o m i c dihydroxydiaquodipyridinochloride , [ C r P y 2 ( H 2 O ) 2 ( O H ) 2 ] C l ; a n d E . Wein -
m a n n , c h r o m i c d ihydroxydiaquoethy lene^anainoc l i lor ide , [ C r ( H 2 0 ) 2 e n ( O H ) 2 j C l . 
A . W e r n e r a n d J . L». K l e i n o b t a i n e d c h r o m i c d ich lorodiaquodiamminochlor ide , 
[Cr (H 2 O) 2 (NHs) 2 Cl 2 ]C l , i n p a l e g r e e n p l a t e s b y t h e a c t i o n of ch lor ine on a 25 pe r 
c e n t . a q . soln . of t h e t e t r a t h i o c y a n a t o d i a m m i n e . T h e sa l t is soluble in w a t e r a n d 
w i t h s i lver n i t r a t e o n l y o n e - t h i r d of t h e ch lor ine is p r e c i p i t a t e d . P . Pfeiffer a n d 
P . K o c h , P . Pfeiffer a n d W . S t e r n , P . Pfeiffer a n d A. T r i e s c h m a n n , a n d P . Pfeiffer 
p r e p a r e d c h r o m i c c i s -d ichlorobisethylenedia in inochlor ide , [Cr e n 2 C l 2 ] C l . H 2 0 , 
a n d a c o m p l e x w i t h a n t i m o n i c a n d p la t in i c ch lor ides ; P . Pfeiffer, a n d P . Pfeiffer a n d 
P . K o c h a l so p r e p a r e d t h e t r a n s - s a l t — a n h y d r o u s , m o n o h y d r a t e , h y d r o c h l o r i d e , 
a n d c h l o r o p l a t i n a t e . A . W e r n e r o b t a i n e d chromic d ich loroaquotr iamminochlor ide , 
[Cr(NHg) 3 (H 2 O)Cl 2 ]Cl , a s wel l a s t h e co r r e spond ing iodide , s u l p h a t e , a n d n i t r a t e . 
P . Pfeifier a n d M. T a p u a c h o b t a i n e d * c h r o m i c dichlorodiaquodipyridinochloride, 
[CrPy 2 (H 2 O) 2 Cl 2 ]C l , a n d a c o m p l e x w i t h p y r i d i n i u m chlor ide , as well as t h e b romide , 
a n d n i t r a t e . A . W e r n e r a n d A . Gubse r , P . Pfeiffer, N . B j e r r u m , a n d R . F . W e i n l a n d 
a n d K . F e i g e d i scussed c h r o m i c tetraquodichlorochloride, [Cr(H2O)4Cl2]Cl , 
p r e v i o u s l y desc r ibed . P . Pfeiffer a n d M. Ti lgner p r e p a r e d c h r o m i c d i th iocyanato-
t e t ramminoch lor ide , [Cr (NH s ) 4 (SCy)]Cl ; P . Pfeifler a n d P . K o c h , chromic c i s -
ditllio^^^TtfttoWl^thylftii^iftii^iiio^liiloridftj [Cr en 2 (SCy) 2 ]Cl .HoO, a n d also t h e 
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trans-salt ; and P . PfeifEer and S. Basci, chromic oxalatotetranuninochloride, 
[Cr(NH3)4(C204)]Cl. m 

O. T . Chr i s tensen p r e p a r e d c h r o m i c hydroxydecam rm n opentachlor ide , 
[ C r 2 ( N H g ) 1 0 ( O H ) ] C l 5 ^ 2 O , b y t r e a t i n g t h e co r respond ing b r o m i d e w i t h hyd roch lo r i c 
ac id (1 : 1) ; and b y t h e a c t i o n of a i r o n a n a m m o n i a c a l soln. of a m m o n i u m ch lor ide 
a n d ch romic chlor ide . I t w a s also o b t a i n e d b y P . PfeifEer. J . P e t e r s e n g a v e for 
t h e ave rage mol . w t . b y t h e f .p. p rocess 308 , w h e n t h e t heo re t i ca l v a l u e is 469*5 ; 
a n d from t h e e lect r ical c o n d u c t i v i t y process , t h e molecule furnishes 5-85 ions i n 
dil . soln. A c o m p l e x ch lo rop l a t i na t e , a n d a chloroiodide , we re a lso p r e p a r e d . 
S. M. J o r g e n s e n p r e p a r e d chromic tr ihydroxyaquohexamminotr ich lor ide , 
[Cr 2 (OH) 3 (H 2 O)(NHg) 6 ]CL^H 2 O, as follows : 

A soln. of c l iromous chloride, prepared b y reducing a soln. of potass ium dichromate 
w i t h zinc a n d hydrochloric acid, is forced b y hydrogen press, in to a vesse l conta ining a 
mix ture of 700 grms. a m m o n i u m chloride, and 750 c.c. of aq. ammonia , sp . gr. 0-91. T h e 
vessel , ent irely filled w i t h th i s mixture , is closed b y a s topper through which passes a 
del ivery tube opening under water . The vessel is surrounded b y cold water t o moderate 
t h e reaction. T h e evo lut ion of hydrogen takes place s lowly, a n d ceases in about 24 hrs . 
T h e undissolved a m m o n i u m chloride is covered w i t h tr ihydroxyaquohexamminotr ich lor ide , 
a port ion of which is also contained in the soln. from w h i c h i t m a y be precipi tated b y 
alcohol ; t h e precipitate is washed wi th alcohol, a n d dried. 

T h e sa l t was also p r e p a r e d b y P . PfeifEer. J . P e t e r s e n found t h e mol . w t . 340 
t o 406 b y t h e f.p. m e t h o d — t h e o r e t i c a l 364-5, a n d t h e e lect r ica l c o n d u c t i v i t y 
i n d i c a t e d t h a t 3-76 ions pe r mol . a re fo rmed . T h e ca rmine - r ed p r i s m s s lowly lose 
a mol . of w a t e r over su lphur i c ac id ; a t 100°, t h e sa l t g r a d u a l l y decomposes ; 100 
p a r t s of w a t e r a t 18° dissolve 9-4 g r m s . of sa l t ; i t is d e c o m p o s e d b y boi l ing w a t e r ; 
boi l ing hydroch lo r i c ac id forms a q u o c h l o r o t e t r a m m i n o c h l o r i d e ; cone , h y d r o b r o m i c 
ac id p r ec ip i t a t e s t h e b r o m i d e ; solid p o t a s s i u m iodide , t h e iodide ; di l . s u lphu r i c 
ac id followed b y alcohol p r ec ip i t a t e s t h e s u l p h a t e ; a m m o n i u m s u l p h a t e gives n o 
p r e c i p i t a t e ; hydrofluosil icic ac id gives a r ed p r ec ip i t a t e ; hyd roch lo rop l a t i n i c ac id , 
fo rms ac icular c rys ta l s ; hydroch lo r i c acid, a r e d d i s h - b r o w n p r e c i p i t a t e ; p o t a s s i u m 
d i c h r o m a t e , a n orange-yel low p r e c i p i t a t e ; s o d i u m p y r o p h o s p h a t e , a pa l e r e d 
p r ec ip i t a t e soluble in excess ; s od ium h y d r o p h o s p h a t e , n o p r e c i p i t a t e ; 
a m m o n i u m t h i o c y a n a t e , r h o m b i c p l a t e s ; p o t a s s i u m fer rocyanide , l i lac-coloured 
p rec ip i t a t e ; a n d p o t a s s i u m fer r icyanide , a b r o w n p r e c i p i t a t e . P . Pfeiifer a n d 
W . Vors t e r p r e p a r e d c h r o m i c hexahydroxysex iese thylenediaj i i inohexachlor ide , 
[ C r 4 ( O H ) 6 e n 6 ] C l 6 . 6 H 2 0 . M. Z. J o v i t s c h i t s c h p r e p a r e d c h r o m i c d i o x y h e x a m m i n o -
dichloride, C r 4 O 2 (NH 8 ) 6 Cl 2 . 10H 2 O, b y dissolving t h e p r ec ip i t a t e , o b t a i n e d b y 
a d d i n g a m m o n i a t o a c h r o m i c sa l t , in a n excess of a m m o n i a , a n d a d d i n g h y d r o ­
chloric acid, a n d t h e n a lcohol . T h e v io le t - red p r e c i p i t a t e is soluble in wa te r , b u t 
only af ter s t a n d i n g a few h o u r s will t h e soln. g ive a p r e c i p i t a t e w i t h si lver n i t r a t e . 
I t is a s s u m e d t h a t t h e sa l t is c o n s t i t u t e d : 

( N H 8 ) 2 = C r . O . C r = ( N H s ) 2 

(NH3) a = C r . O . C r = C l 2 
+ 10H2O 

A. W e r n e r found t h a t w h e n c h r o m i u m t r i a m m i n o t e t r o x i d e , CrO 4 (NHg) 3 , is 
a d d e d t o cold, cone, hydroch lo r ic ac id , a g rey or b lu ish-grey p r ec ip i t a t e is fo rmed 
— p r o b a b l y a m i x t u r e of c h r o m i u m t r i amminod ich lo roaquoch lo r ide a n d t r i a m m i n o -
t r i c h l o r i d e — a n d t h e f i l t ra te , on s t a n d i n g for t w o d a y s , depos i t s c h r o m i u m t r i a rn -
fninotr ichlor ide , Cr(NH 3 J 3 Cl 3 , in d a r k b lue c rys ta l s , t i n g e d w i t h green . T h e X - r a y 
s p e c t r a of t h i s sa l t a n d t h e co r re spond ing p y r i d i n e sa l t [Cr(Py) 3 Cl 3 ] , were s t u d i e d 
b y O. Ste l l ing. Accord ing t o A. W e r n e r , t h e t r i ch lo ro t r i a rnmine is a l m o s t inso luble 
in cold w a t e r ; i t d issolves in h o t w a t e r fo rming a b lue soln . w h i c h furnishes a 
series of c h r o m i u m t r iamminodichloroaquo-gal ts w h e n t r e a t e d w i t h t h e a p p r o ­
p r i a t e r eagen t s . 



CHROMIUM 417 

Thus, chromium triamminodlehloroaquochloride, [Cr(HaO)(NH3)3Cla]Cl, is formed 
in brown-leaflets which gi ve a, blue soln. with water. The salt is also obtained 
by the action of cone, hydrochloric acid in the presence of glacial acetic acid 
on chromium triamminotetroxide. There are also chromium triamminodichloro-
aquonitrate, [Cr(H2O)(NHa)3CIa]NO3 ; chromium triamminodichloroaquosulphate, 
[Cr(HaO)(N]Hll)aCl2)2S04 ; chromium triamminodichloroaquoiodide, [Cr(H2O) (NH8) aCl2]I ; 
the basic iodide, chromium triammlnotriaquodihydroxylodlde, [Cr(H2O)3(NHa)3](OH)2I, 
and chromium triammlnotriaquotribromide, [Cr(H2O)3(NHa)3]Br3. 

H. I. Schlesinger and H. K. Worner heated chromium chloropentammino-
chloride in air, hydrogen, carbon dioxide, or ammonia, and found that it furnishes 
chromium triamminotrichloride. Unless the temp, is carefully controlled, the 
reaction proceeds further. The black substance, reported by C. E. Ufer, and 
H. Schrotter, is formed. If the pentammine is heated in a stream of dry hydrogen 
chloride, a very rapid reaction occurs at about 270° with considerable evolution of 
heat and is accompanied by a marked colour change of the material from pink 
to green. If heating is discontinued at this point, the product washed with cold 
water to which a little hydrochloric acid has been added, and then dried with 
alcohol and ether, a very insoluble green substance, chromium trichlorotriammine 
is obtained. The triammine differs from that prepared by A. Werner. His 
compound is blue-green, dissolves fairly readily in warm water and especially 
easily in warm dil. hydrochloric acid to give a deep blue soln. of trichloroaquotriam-
minochloride ; that of A. Werner is insoluble in hydrochloric acid or in water, but 
with the latter it slowly reacts to give a pink soln. which has since been shown to con­
tain chromic diaquotetramminochloride. Here evidently is a case of isomerism of a 
type not frequently encountered, but whether it is stereoisomerism, possible according 
to A. Werners theory, or is what is often called ** polymerization isomerism/' cannot 
be decided because of the insolubility of the compounds in question. Attempts to 
remove some of the three remaining molecules of ammonia from the co-ordination 
sphere show the firmness with which chromium retains the co-ordination number 6. 
When the triammine is heated to 175° in a stream of hydrogen chloride, ammonia 
is not withdrawn from the compound, but hydrogen chloride is quantitatively 
absorbed to give a reddish-purple very hygroscopic crystalline material which 
may be considered to be ammonium chromic hexachloride, (NH4J3[CrCl6]. The 
substance is insoluble in all solvents except water, with which it reacts almost 
instantly to produce a deep green soln. presumably of hydrated chromic chloride. 
In favour of the argument that the ammonium compound is a salt of the complex 
ion [CrCl6]

7", anhydrous chromic chloride, alone or when mixed with ammonium 
chloride, reacts with liquid ammonia to give a mixture of hexammine and chloro-
pentammine chromic chlorides without the intermediate formation of a soln. 
What is called ammonium chromic hexachloride dissolves readily in liquid ammonia 
to give a green soln. which is transformed to the pentammine only after complete 
evaporation of the liquid. Anhydrous chromic chloride reacts exceedingly slowly 
with dry gaseous ammonia ; the new compound reacts rapidly at ordinary temp. 
to give the pentammine. Double salts should possess a colour which is the sum­
mation of the colours of the constituent salts ; the compound here prepared is 
decidedly different in colour from any known form of chromic chloride, the only 
coloured constituent. In this instance, then, chromium, rather than changing 
its co-ordination number as the result of removal of ammonia, takes up hydrogen 
chloride, and the ammonia, although removed from the co-ordination sphere, 
remains in the molecule. If the triamminotrichloride is treated with oxalic 
acid or an oxalate, ammonium chromium triammino - oxalatocnlonde, 
(NH^^Cr^NHsMC^^Clio], is formed. . A^iM 

A. Johnsen 2 obtained no isomorphous mixtures of ammonium chloride ana \ioiex 
chromic chloride, but with green hexahydrated chromic chloride, the ammonium 
chloride crystals are coloured green. J. W. Retgers obtained solid soln. of both 
green and violet chromic chlorides from aq. soln. N. Larsson prepared ammonium 
chromium tetrachloride, NH4CLCrCI3 .6H20, or [CrCl(H2O)6JCl2-NH4CLH2O, by 

2 JES 
V O L . X I . 
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boi l ing a soln. of a m i x t u r e of c h r o m i c c h l o r o p e n t a q u o d i c h l o r i d e a n d a m m o n i u m 
chlor ide , a n d pa s s ing h y d r o g e n ch lor ide t h r o u g h t h e soln . cooled b y a 
freezing m i x t u r e . G. N e u m a n n p r e p a r e d a m m o n i u m c h r o m i c pentachlor ide , 
2 N H 4 C l . C r C l 3 . H 2 0 , or (NH 4 J 2 [CrC l 6 (H 2 O)] , b y a d d i n g a m m o n i u m ch lor ide t o a 
soln. of ch romic ch lor ide i n 9 6 - 9 7 p e r cen t , a lcohol , a n d pa s s ing h y d r o g e n ch lo r ide 
t h r o u g h t h e l iqu id h e a t e d o n a w a t e r - b a t h w i t h a ref lux condense r . T h e v io l e t , 
hygroscopic c rys t a l s of t h e monohydrate a re p r o b a b l y r h o m b i c . T h e y a r e d e c o m ­
posed b y w a t e r . A. W e r n e r a n d A. Gubser r e p r e s e n t t h i s series of sa l t s b y 
LCr (H 2 0)Cl 5 ] (NH 4 ) 2 . R . F . W e i n l a n d a n d T. S c h u m a n n found t h a t w h e n h y d r o g e n 
ch lor ide is pa s sed i n t o a n ice-cold soln. of e q u i m o l a r p r o p o r t i o n s of g reen h e x a -
h y d r a t e d c h r o m i c ch lor ide a n d a m m o n i u m chlor ide , g reen r e c t a n g u l a r p l a t e s of 
t h e hexahydrate a r e fo rmed . T h e sa l t is de l iquescen t , a n d t u r n s r e d w h e n w a r m e d . 
A soln . of t h e sa l t acidified w i t h n i t r ic acid , a n d t r e a t e d w i th s i lver n i t r a t e depos i t s 
three-f i f ths of t h e ch lor ine as si lver ch lor ide . H e n c e t h e c o n s t i t u t i o n of t h e sa l t 
is t a k e n t o b e ( N H 4 ) 2 [ C r ( H 2 0 ) 4 C l 2 ] C l 3 . 2 H 2 0 . H . 1. Schles inger a n d R . K . W o r n e r 
p r e p a r e d a m m o n i u m chromic hexachlor ide , (NH 4 J 3 CrCl 6 , in hyg roscop ic c r y s t a l s , 
b y h e a t i n g c h r o m i c t r i c h l o r o t r i a m m i n e in h y d r o g e n ch lor ide a t 175°. I t r e a c t s 
w i t h a m m o n i a t o furnish ch romic c h l o r o p e n t a m m i n o d i c h l o r i d e . 

F . E p h r a i m a n d W . H i t t e r f o u n d t h a t a m m o n i a a c t s on p o t a s s i u m c h r o m i c 
a q u o p e n t a c h l o r i d e forming a greyish-v io le t m a s s of c h r o m i c h y d r o x y p e n t a m m i n o -
ch lor ide . This dissolves in w a t e r , a n d n i t r i c ac id p r e c i p i t a t e s f rom t h e c h e r r y - r e d 
soln . , first c h r o m i u m n i t r a t o p e n t a m m i n o d i n i t r a t e , a n d t h e n c h r o m i c n i t r a t a q u o -
t e t r a m m i n o d i n i t r a t e in a 27 pe r cen t , y ie ld ; whi le h y d r o c h l o r i c ac id p r e c i p i t a t e s 
f rom t h e cher ry- red soln. , t h e c h l o r o p e n t a m m i n o c h l o r i d e in 40 pe r cen t , y ie ld . 
S imi l a r resu l t s were o b t a i n e d w i t h t h e a m m o n i u m sa l t . F . E p h r a i m a n d W . R i t t e r 
sugges t t h a t a m m o n i u m h y d r o x y p e n t a c h l o r i d e is fo rmed as a n i n t e r m e d i a t e 
c o m p o u n d . N o evidence was o b t a i n e d of t h e f o r m a t i o n of a m m i n e s of t h e doub l e 
sa l t s . 

A. W e r n e r a n d A. G u b s e r 3 o b t a i n e d l i th ium c h r o m i u m pentachlor ide , 
2LiiCl .CrCl3 .5H20, t h a t is, L i 2 [Or (H 2 O) Cl 5 ] . 4H 2 O, as in t h e case of t h e a m m o n i u m 
sal t , b y pass ing h y d r o g e n chlor ide i n t o a soln. of 5 g r m s . of l i t h i u m chlor ide , a n d 
17 g r m s . of h e x a h y d r a t e d c h r o m i c ch lor ide . T h e red , hygroscop ic p o w d e r is eas i ly 
soluble in alcohol fo rming a g reen soln . ; -with w a t e r , t h e soln . is t r a n s i e n t l y r ed . 
A t 0°, t h e sa l t gives no p r e c i p i t a t e w i t h s i lver n i t r a t e w h e n t h a t s a l t is first a d d e d . 
N.Liarsson found tha t hthiumchloropentaquodichloride9[CrCl(H2O)5JCl2.LdCL^H2O, 
prej>ared as in t n e case of t h e a m m o n i u m sa l t , is v e r y hygroscop ic . J . J . Kerzel ius 
r e p o r t e d t h a t w h e n a soln. of s o d i u m d i c h r o m a t e , hyd roch lo r i c ac id , a n d a lcohol 
is e v a p o r a t e d on t h e w a t e r - b a t h , a g reen m a s s of s o d i u m c h r o m i u m tetrachloride , 
NaCrCl 4 , is formed, a n d i t b e c o m e s v io le t on a s a n d - b a t h ; N . L a r s s o n o b t a i n e d t h e 
sa l t s od ium chlorotetraquodichloride, [CrCl 2 (H 2 O) 4 ]Cl 2 -NaCLwH 2 O, as i n t h e case 
of t h e sod ium sal t . J . J . Berze l ius also p r e p a r e d redd i sh-v io le t c rys t a l s of p o t a s s i u m 
c h r o m i u m tetrachloride, KCrCl 4 , i n a s imi la r m a n n e r ; a n d found t h a t t h e sa l t is 
d e c o m p o s e d when t h e a q . soln. i s e v a p o r a t e d . L*. Godefroy r e g a r d e d t h i s s a l t 
a s a m i x t u r e of t h e p e n t a c h l o r i d e w i t h c h r o m i c chlor ide . N . L a r s s o n d i d n o t 
o b t a i n [CrCl(H 2 O) 5 JCl 2 .KCLwH 2 O b y t h e m e t h o d e m p l o y e d for t h e a m m o n i u m 
salt. L.. Godefroy prepared potassium chromium pentachloride, K2CrCl5-H2O, 
or K 2 [Cr (H 2 O)Cl 5 J , b y pass ing ch lor ine for 5 or 6 h r s . t h r o u g h a soln. of 300 g r m s . 
of p o w d e r e d p o t a s s i u m d i c h r o m a t e a n d 700 g r m s . of a lcohol ; a n d Gr. N e u m a n n 
o b t a i n e d i t b y pass ing h y d r o g e n ch lor ide t h r o u g h a soln . of c h r o m i c a n d p o t a s s i u m 
ch lo r ides in 96 t o 97 pe r cen t , a lcohol w a r m e d o n a w a t e r - b a t h . T h e r edd i sh , o r 
v io le t - red c rys ta l l ine p o w d e r is s t a b l e in a i r ; i t c a n b e c rys ta l l i zed b y h e a t i n g i t 
w i t h 40 p e r cen t , hydroch lo r ic ac id in a sea led t u b e a t 120° t o 130°. T h e c r y s t a l s 
a r e p r o b a b l y r h o m b i c ; v e r y hygroscopic ; a n d a r e d e c o m p o s e d b y w a t e r , f o r m i n g 
p o t a s s i u m chlor ide a n d a n oxychlor ide . F o r t h e a c t i o n of a m m o n i a , vide supra, 
t h e a m m o n i u m sa l t . J . J . Berzel ius t r e a t e d s o d i u m c h r o m i u m t e t r a c h l o r i d e w i t h 
a lcohol , a n d o b t a i n e d rose-red s o d i u m c h r o m i u m hexachlor ide , Na 3 CrCl 6 . 
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_E. Z e t t n o w , a n d J . J . Berze l ius o b t a i n e d po tas s ium c h r o m i u m hexachloride* 
K 3 C r C l 6 , in a n a n a l o g o u s m a n n e r ; a n d E . F r e m y , found t h a t w h e n a m i x t u r e of 
p o t a s s i u m d i c h r o m a t e , m i x e d w i t h charcoa l , is h e a t e d i n ch lor ine gas , ch romic 
ch lor ide sub l imes , a n d t h e hexach lo r i de r e m a i n s . T h e sa l t is soluble in w a t e r , 
a n d a t t h e s a m e t i m e is d e c o m p o s e d i n t o i t s c o n s t i t u e n t chlor ides . Li. G-odefroy 
sa id t h a t t h e hexach lo r i de is r ea l ly a m i x t u r e of t h e pen tach lo r ide a n d p o t a s s i u m 
chlor ide . 

N . L a r s s o n p r e p a r e d rub id ium c h r o m i u m tetrachloride, RbCLCrCl 3 . 5H 2 O, or 
[CrCl(H 2 O) 6 ]Cl 2 -RbCl , a s i n t h e case of t h e c o r r e s p o n d i n g a m m o n i u m sa l t ; a n d 
s imi la r ly w i t h caes ium c h r o m i u m tetrachloride, CsCLCrCl 3 . 5H 2 0 , or [CrCI(H 2O) 5 ICl 2 . 
CsCL G. N e u m a n n p r e p a r e d rub id ium c h r o m i u m pentachloride, R b 2 C r C l 5 . H 2 O , 
or R b 2 [ C r ( H 2 O ) C l 5 ] , b y t h e m e t h o d e m p l o y e d for t h e p o t a s s i u m sa l t ; a n d 
A. W e r n e r a n d A. Gubser , b y p a s s i n g h y d r o g e n ch lor ide i n t o a soln. of t h e con­
s t i t u e n t ch lor ides . T h e monohydrate furn ishes r edd i sh -v io l e t c rys ta l s , spa r ing ly 
soluble in cold w a t e r ; a n d r ead i l y so luble in h o t w a t e r f o r m i n g a green soln. \$y 
w o r k i n g w i t h t h e soln. a t 0° , A. W e r n e r a n d A. G u b s e r o b t a i n e d t h e octohydrate, 
[ (ClRb . C l ) 2 C r ( H 4 0 2 ) 4 ] 0 , i n green, p r i s m a t i c c rys ta l s , wh ich lose w a t e r w h e n 
confined ove r s u l p h u r i c ac id , a n d de l iquesce w i t h d e c o m p o s i t i o n i n air . On ly 
three-f i f ths of t h e chlor ine is a t first p r e c i p i t a t e d b y s i lver n i t r a t e . N . L a r s s o n 
p r e p a r e d t h e c o m p o u n d [CrCl 2 (H 4 O 2 JCl .2RbCl f rom a soln. of c h r o m i c d ichloro-
a q u o c h l o r i d e a n d r u b i d i u m chlor ide , cooled w i t h a f reezing m i x t u r e , a n d t r e a t e d 
w i t h h y d r o g e n ch lor ide . I t is s t a b l e i n a i r ; a lcohol e x t r a c t s c h r o m i c ch lor ide ; 
a t 85° i t fo rms R b 2 [ C r C l 5 ( H 2 O ) ] . H . L . Wel l s a n d B . B . B o l t w o o d p r e p a r e d caesium 
c h r o m i u m pentachlor ide , Cs 2 CrCl 5 .H 2 O, or Cs 2 Cr(H 2 O)Cl 5 , b y pas s ing h y d r o g e n 
ch lor ide i n t o a -warm soln. of t h e c o m p o n e n t ch lor ides . T h e monohydrate fo rms 
viole t c ry s t a l s w h i c h a r e s t a b l e in air , a n d d o n o t lose w a t e r a t 160°. T h e y dissolve 
s lowly in w a t e r fo rming a green soln. wh ich , o n e v a p o r a t i o n , y ie lds c rys ta l s of 
t h e tetrahydrate w h i c h A. W e r n e r a n d A. Gubse r r e p r e s e n t b y t h e fo rmula 
(ClCsCl) 2Cr(H 2O) 4Cl, because o n l y three-f i f ths of t h e ch lor ine is a t first p r e c i p i t a t e d 
b y si lver n i t r a t e . Th i s sub jec t was d i scussed b y R . F . W e i n l a n d a n d A. K o c h . 
H . S t . C. Devi l le o b t a i n e d green c rys t a l s b y fusing a m i x t u r e of c h r o m i c a n d s o d i u m 
chlor ides . 

S. M. Jorgensen prepared chromic hydroxydecamminotrichlorodichloraurate, 
[ C r 2 ( O H ) ( N H 3 ) 1 0]C13(AuCl4)2 , i n r edd i sh -ye l low needles b y t r e a t i n g a soln. of 
[ C r 2 ( O H ) ( N H 3 ) 1 0 J C l 5 . H 2 O w i t h a n a q . soln. of ch lo rau r i c ac id . I t loses i t s w a t e r 
of c rys t a l l i za t ion a t 100° ; a n d t h e sa l t is s p a r i n g l y soluble in w a t e r . S. M. J o r g e n s e n 
also p r e p a r e d r e d d i s h - b r o w n need les of c h r o m i c t r i h y d r o x y a q u o h e x a m m i n o c h l o r o -
dichloraurate, [Cr(OH)3(H20)(NH3)6]Cl(AuCl4)2, from [Cr2(OH)3(H20)(NH3)6]C]3 . 
H 2 O , in a n a n a l o g o u s m a n n e r . I t loses a mo l of w a t e r over s u l p h u r i c ac id . 

" G. N e u m a n n o b t a i n e d bery l l ium c h r o m i u m pentachlor ide , BeCrCl 5 -H 2 O, b y t h e 
m e t h o d used i n connec t i on w i th t h e a n a l o g o u s p o t a s s i u m sal t . H e p r e p a r e d m a g n e ­
s i u m c h r o m i u m pentachlor ide , MgCrCl 5 -H 2 O, in a s imi la r w a y . S. M. J o r g e n s e n p re ­
p a r e d t h e c o m p l e x c h r o m i c hexammlnotr ich loromercur ich lor ide , [Cr(NHg) 6]Cl 3 . 
H g C l 2 . A c c o r d i n g t o O. T . Chr i s t ensen , w h e n a cone . a q . soln. of a q u o p e n t a m m i n o -
t r i ch lo r ide is t r e a t e d w i t h m e r c u r i c chlor ide , ye l lowish-red , spa r ing ly soluble chromic 
aquopentanini inotr icUorotr isznercurichlor ide , [ C r ( N H 3 ) 6 ( H 2 0 ) J C J 3 ( H g C l 2 ) 3 . H 2 0 , 
is fo rmed . H e also p r e p a r e d yel lowish-red needles of c h r o m i c n i t r i topentam-
rninodichlorobisniercurichloride, [ C r ( N H 3 ) 5 ( N 0 2 ) ] C l 2 ( H g C l 2 ) 2 . S. M. J o r g e n s e n 
s imi la r ly o b t a i n e d c h r o m i c ch loropentam minodichlorotr ismercurichloride , 
[Cr(NHs) 5Cl]Cl 2 (HgCl 2 )S, i n rose- red needles ; a n d P . T . Cleve, c h r o m i c aquoch loro -
tetoaniniinodichlorotrisznercurichloride» [Cr (NH 3 ) 4 (H 2 0)Cl ]C l 2 (HgCl 2 ) 3 , in rose-red 
p l a t e s . G. N e u m a n n p r e p a r e d tha l lous c h r o m i u m hexachlor ide , Tl3CrCl3 , in 
hygroscop ic , v io le t c rys t a l s , b y t h e process used for p o t a s s i u m c h r o m i u m p e n t a ­
ch lor ide . R . F . W e i n l a n d a n d E . G u s s m a n n p r e p a r e d chromic hexace ta tohydroxy-
aquotr ipyr idinochlorostannate , [ C r 3 ( C H 3 C O O ) 6 P y 3 ( H 2 0 ) ( H O ) ] S n C l 6 . 7 H 2 0 , in pa le 
g r e y needle- l ike c rys t a l s , f rom t h e a c e t a t e of t h e series a n d s o d i u m c h l o r o s t a n n a t e . 
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P . Pfeiffer and M. Tapuach prepared chromic cisHUcUorobisethylenediamino-
chloroantimonate, [Cr en2Cl2]SbCl6, from the chloride of the series and a 
hydrochloric acid soln. of ant imony pentachloride. 
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§ 26. Chromium Bromides and Oxybromides 
A. Moberg x obse rved t h e f o r m a t i o n of a d a r k green m i x t u r e w h e n c h r o m o u s 

chlor ide is t r e a t e d w i t h p o t a s s i u m b r o m i d e ; b u t t h e p r o d u c t was n o t e x a m i n e d . 
F . Wohle r , M. B a u c k , a n d H . Moissan obse rved t h a t c h r o m o u s bromide , or 
c h r o m i u m dibromide, CrBr 2 , is fo rmed b y pas s ing h y d r o g e n over h e a t e d ch romic 
b r o m i d e ; a n d H . Moissan also o b t a i n e d i t b y t h e ac t i on of d r y h y d r o g e n b r o m i d e 
o n c h r o m i u m a t a h igh t e m p . ; a n d b y pass ing a m i x t u r e of b r o m i n e v a p o u r a n d 
n i t rogen over a n excess of c h r o m i u m a t a r e d - h e a t . A n a q . soln. of c h r o m o u s 
b r o m i d e is fo rmed b y r educ ing a soln. of c h r o m i c b r o m i d e w i t h z inc a n d h y d r o -
b r o m i c ac id . W . Bi l tz a n d E . B i r k gave 4-356 for t h e sp . gr . a t 25°/4°. Accord ing 
t o A. Moberg , H . Moissan, F . Wohle r , a n d M. B a u c k , w h i t e , c rys ta l l ine c h r o m o u s 
b r o m i d e r ead i ly fuses t o a ye l low l iqu id ; i t fo rms a b lue soln. w i t h w a t e r , a n d t h e 
soln. qu i ck ly abso rbs oxygen . T h e sa l t r a p i d l y de l iquesces in a i r fo rming green 
ch romic b r o m i d e . T h e sa l t is soluble in a lcohol . T h e | i r e s e n c e °f a t r a c e of 
c h r o m o u s b r o m i d e will b r i n g a n h y d r o u s c h r o m i c ch lor ide , b r o m i d e , or iod ide i n to 
soln.—vide supra, c h r o m i c chlor ide . W . B i l t z a n d E . B i r k g a v e 1-714 for t h e 
sp. gr. of chromous hexamminobromide, CrBr2.GNH3, a t 25°/4°. W. Traubc and 
W . P a s s a r g e f o u n d t h a t w i t h h y d r a z i n e , c h r o m o u s b r o m i d e fo rms c h r o m o u s 
dihydrazinobromide, C rBr 2 . 2 N 2 H 4 . 

A. J . B a l a r d o b t a i n e d a soln. of c h r o m i c bromide, CrBr 3 , b y t h e ac t ion of 
b r o m i n e - w a t e r on t h e green h y d r a t e d ch romic ox ide , a n d t h e f i l t ra te , w h e n con­
c e n t r a t e d b y e v a p o r a t i o n , depos i t s g reen c r y s t a l s — p r e s u m a b l y t h e h y d r a t e {q.v.). 
C. L d w i g found t h a t if l ead c h r o m a t e be boi led w i t h h y d r o b r o m i c acid , a d a r k green 
soln. is o b t a i n e d ; h e cou ld n o t ge t t h e cone . soln. t o c rys ta l l ize , a n d he o b t a i n e d 
a ye l lowish-red p o w d e r on e v a p o r a t i o n . J . J . Berze l ius u sed s i lver c h r o m a t e in 
p lace of t h e l ead sa l t . J . B . B e r t h e m o t o b t a i n e d a soln. of t h e sa l t b y t h e ac t i on of 
h y d r o b r o m i c ac id on ch romic acid , in which case b r o m i n e is evo lved ; he f o u n d t h a t 
t h e green a q . soln . of c h r o m i c b r o m i d e t u r n s b r o w n o n e v a p o r a t i o n , a n d crysta l l izes 
w i t h difficulty ; if fu r the r e v a p o r a t e d , t h e res idue evolves h y d r o b r o m i c acid . H e 
p r e p a r e d t h e a n h y d r o u s b r o m i d e b y t h e a c t i o n of b r o m i n e v a p o u r on h e a t e d 
c h r o m i u m — t h e c o m b i n a t i o n is a t t e n d e d incandescence ; H . Moissan o b t a i n e d i t 
in a n ana logous w a y . F . Wohle r , a n d M. B a u c k p r e p a r e d i t , a s in t h e ana logous 
case of c h r o m i c chlor ide , b y t h e ac t i on of b r o m i n e v a p o u r on a h e a t e d m i x t u r e 
of c h r o m i c ox ide a n d c a r b o n . F . B o u r i o n p r e p a r e d t h e b r o m i d e b y pass ing t h e 
v a p o u r of s u l p h u r monoch lo r ide in a slow c u r r e n t of h y d r o g e n b r o m i d e over ch romic 
ox ide a t 135°, a n d finishing off w i t h h y d r o g e n b r o m i d e a lone . T h e b l ack p la tes or 
sca ly c rys t a l s of c h r o m i c b r o m i d e a p p e a r ol ive-green b y reflected l ight , a n d t h e r e 
is a p leochroic r e d colour as well . T h e p o w d e r is ye l lowish-green . W . Bil tz a n d 
E . B i r k gave 4-250 for t h e sp . gr . a t 25°/4° . Acco rd ing t o F . Wohle r , M. Bauck , 
a n d F . Bour ion , w h e n t h e a n h y d r o u s t r i b r o m i d e is h e a t e d in air , c h r o m i c oxide is 
fo rmed ; in h y d r o g e n , c h r o m o u s b r o m i d e . T h e a n h y d r o u s sa l t a p p e a r s t o be 
insoluble i n w a t e r , b u t i t forms a g reen a q . soln. if a t r a c e of c h r o m o u s b r o m i d e be 
p r e sen t . Chromic b r o m i d e de l iquesces w h e n exposed o n tin-foil fo rming a green 
soln. T h e sa l t is so luble in boi l ing w a t e r ; a lkal i - lye decomposes i t m o r e easily 
t h a n is t h e case w i t h t h e ch lor ide . 

X*. V a r e n n e r e p o r t e d c ry s t a l s of t h e octohydratc, C r B r 3 . 8 H 2 O , t o be formed b y 
t r e a t i n g a cold, cone . soln. of p o t a s s i u m or a m m o n i u m t r i c h r o m a t e w i t h dil . h y d r o ­
b r o m i c acid , a n d a l lowing t h e l i quo r t o s t a n d a t 0° . T h e viole t c rys ta l s a re a 
c o m b i n a t i o n of t h e c u b e a n d o c t a h e d r o n . T h e sa l t loses w a t e r a t 110° a n d becomes 
g reen ; a t 200°, in air , i t fo rms a n o x y b r o m i d e , a n d finally ch romic ox ide . A. W e r n e r 



422 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

a n d A. Gubse r could n o t confirm t h e s e r e su l t s . Ch romic b r o m i d e furnishes a 
heacahydrate which occurs in t w o isomer ic fo rms—green , a n d viole t . T h e fac ts in 
connec t ion w i t h t h e i somer ic h e x a h y d r a t e s of c h r o m i c chlor ide a r e app l i cab le t o 
the bromide. The green hexahydrate is considered to be chromic dibromohexaquo-
bromide, [ (H 2 O-Br ) 2 Cr(H 2 O) 4 ]Br , or [ C r ( H 2 0 ) 4 B r 2 ] B r . 2 H 2 0 . A. R e c o u r a o b t a i n e d 
.it b y e v a p o r a t i n g a s a t . soln . of c h r o m i c ox ide w i th a large excess of h y d r o b r o m i c 
acid ; a n d A. W e r n e r a n d A. G u b s e r r e c o m m e n d e d pass ing h y d r o g e n b r o m i d e over 
t h e e v a p o r a t i n g soln . T h e green, hygroscopic c rys ta l s a r e ac icu la r o r t a b u l a r , 
which h a v e , acco rd ing t o R . F . W e i n l a n d a n d A. Koch , t h e s a m e op t i ca l p r o p e r t i e s 
a s t h e g reen chlor ide , b u t i t is r a t h e r s t ronger yel low t i n g e . A. B y k a n d H . JafTe 
s t u d i e d t h e v iole t a n d u l t r a -v io l e t abso rp t ion s p e c t r u m of a q . soln. C. S. G a r r e t t 
e x a m i n e d t h e effect of t h e chlor ides of l i t h ium, p o t a s s i u m , ca lc ium, zinc, m e r c u r y , 
a n d a l u m i n i u m on t h e mol . ex t inc t ion of soln. of ch romic b r o m i d e af ter s t a n d i n g 
3 d a y s , a n d 3 J m o n t h s . T h e resul ts are said t o m a k e i t a p p e a r as if t h e w a t e r 
mols . p l a y a n in i t i a l p a r t in chang ing t h e complex t o t h e s imple conf igurat ion, a n d 
t h a t following t h i s a second reac t ion sets in t e n d i n g a g a i n t o t h e f o r m a t i o n of com­
plexes owing t o t h e presence of t h e colourless ha lo ids in t h e soln. W h e n , however , 
t h e colourless ha lo ids h a v e dec idedly d e h y d r a t i n g p rope r t i e s , t h e h y d r a t i o n on 
d i lu t ion is in i t ia l ly inh ib i ted , a l though t h e final p o i n t r eached , w h e n a n excess 
of w a t e r mols . is p resen t , is i ndependen t of t h e hygroscopic p rope r t i e s of t h e colour­
less ha lo id . N . B j e r r u m found t h a t t h e electr ical c o n d u c t i v i t y of a f reshly p re jmred 
soln. of a mo l of t h e sa l t in 625 l i t res of w a t e r is 70 t o 80 m h o s a t 0°, a n d 265*1 m h o s 
a t 25°. I t forms on ly t w o ions, [ C r ( O H ) 4 B r 2 ] ' a n d B r ' . Th i s is in a g r e e m e n t w i t h 
t h e o b s e r v a t i o n t h a t only one- th i rd of t h e b r o m i n e is a t once p r e c i p i t a t e d o n 
a d d i n g silver n i t r a t e . E . R o s e n b o h m gave for t h e m a g n e t i c suscep t ib i l i ty , 
13-96 X 1 O - 6 mass un i t s . A. Werne r a n d A. Gubse r found t h a t t h e t r a n s f o r m a t i o n 
of t h e green i n t o t h e violet soln. is fas ter t h a n is t h e case w i t h t h e ch lor ide . 
A. R e c o u r a found t h a t t h e sa l t is v e r y soluble in w a t e r , a n d t h a t t h e h e a t of soln. 
is 0-68 CaI. T h e aq . soln. r eac t s acid, a n d h a s a swee t t a s t e . T h e sa l t is easi ly 
soluble in alcohol, a n d insoluble in e ther . I . K o p p e l desc r ibed a b r o w n a l coho la t e , 
C r B r 3 . 3 C 2 H 6 O H , or [Cr(C 2 H 5 OH) 3 Br 3 J , ana logous t o t h e r ed chlor ide ; a n d 
P . PfeifTer, t h e complex wi th p y r i d i n i u m chlor ide, [C r (H 2 O ) 3 B r 3 J . 2 P y H B r . A . W e r n e r 
a n d A. Gubse r found t h a t i t is soluble in ace tone , a n d p r e c i p i t a t e d b y e the r . 
!NT. B j e r r u m said t h a t i t is soluble in fuming h y d r o b r o m i c acid , b u t inso luble in a 
m i x t u r e of e t he r a n d th i s fuming acid . J . M. O r d w a y foiind t h a t t h e a q . soln. of 
a mo l of t h e sa l t dissolves 2 mols of t h e h y d r a t e d ox ide . 

T h e b lue , greyish-blue , or violet hexahydrate is symbol ized , as in t h e case of 
t h e co r r e spond ing h y d r a t e of ch romic chloride, b y [Cr (H 2 O) 6 ]Br 3 , t h a t is, c h r o m i c 
hexaquotr ibromide . A. R e c o u r a p r e p a r e d i t b y pass ing h y d r o g e n b r o m i d e i n t o a 
boi l ing , cone . soln. of t h e green h e x a h y d r a t e . T h e soln. b e c o m e s b r o w n , a n d as i t 
cools, i t depos i t s t h e v io le t sa l t . A. W e r n e r a n d A. Gubser , a n d R . F . W e i n l a n d 
a n d A. K o c h dissolved t h e p r o d u c t in a l i t t le wa te r , a n d a g a i n pas sed h y d r o g e n 
b r o m i d e i n t o t h e soln. cooled be low zero. G. O. Hig ley o b t a i n e d t h e v io le t h e x a ­
h y d r a t e b y s a t u r a t i n g w i t h h y d r o g e n b r o m i d e a soln. of 5 g r m s . of t h e v io le t s u l p h a t e 
i n 20 c.c. of w a t e r a t 10°. T h e g rey i sh-b lue or v iole t p o w d e r w a s found b y 
R . F . W e i n l a n d a n d A. K o c h t o h a v e t h e same c rys ta l fo rm as t h e c o r r e s p o n d i n g 
ch lor ide . T h e v io le t a n d u l t ra -v io le t a b s o r p t i o n spec t r a of t h e soln. were e x a m i n e d 
b y A. B y k a n d H . Jaffe. T h e c rys ta l s a re hygroscopic , a n d h a v e a swee t t a s t e . 
A . R e c o u r a found t h a t i t dissolves i n w a t e r w i t h t h e d e v e l o p m e n t of 14-35 CaIs. 
A t 100°, i t passes i n t o t h e g reen i somer , a n d t h e h e a t of t r a n s f o r m a t i o n f rom t h e 
g reen solid t o t h e b lue i somer is —2-17 CaIs. T h e h e a t of t h e r eac t ion CrBr3vioiet soln. 
+ 3 N a O H a q . = 3 N a C l 8 o i i i . + C r ( O H ) 3 is 21*6 CaIs. T h e p h e n o m e n a assoc ia ted w i t h 
t h e conve r s ion of t h e g reen i n t o t h e b lue soln. resemble t h o s e in t h e ana logous 
convers ion w i t h t h e ch lor ide (q.v.). T h e r a t e of convers ion is m u c h g r e a t e r w i t h 
t h e b r o m i d e t h a n w i t h t h e ch lor ide . T h u s , t h e mo la r c o n d u c t i v i t y , /J, m h o s , of a 
O-OQ&ftf-soln., wi t h t i m e is : 
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325-1 m h o s 

Tlie t r a n s f o r m a t i o n t o a s t a t e o£ equ i l i b r i um is t h u s c o m p l e t e d in 30 m i n . a t 25°, 
b u t n o t in 160 m i n . a t 1°. A. R e c o u r a gave 11-5 CaIs. for t h e c o m p l e t e t rans for ­
m a t i o n of a mo l of t h e g reen sa l t i n soln. I n t h e cold in di l . soln. t h e v io le t fo rm is 
f avoured , whi le a n inc rease of t e m p . , c o n c e n t r a t i o n , or t h e presence of h y d r o b r o m i c 
ac id f avours t h e green . U n l i k e t h e case of t h e chlor ides , N . B j e r r u m found t h a t t h e 
v io le t i somer occupies t h e g r e a t e r vo l . A. R e c o u r a no t i ced t h a t in c o n c e n t r a t i n g 
a v io le t soln. of t h e b r o m i d e , t h e v io le t i somer first s epa ra t e s ou t , while w i t h a 
v io le t soln. of t h e ch lor ide , t h e d a r k g reen fo rm a p p e a r s . A. W e r n e r a n d A. Gubse r 
found t h e mol . c o n d u c t i v i t y of t h e v io le t soln. w i t h a mo l of t h e sa l t in v l i t res a t 
0° is /x = 173 m h o s w h e n v=125 a t 0° , a n d a t 25°, w h e n v = 125, 250, 500, a n d 1000, 
^ = 3 2 9 - 5 , 360-3, 391-2, a n d 431*6 m h o s respec t ive ly . T h e resu l t s ind ica te t h a t a 
mol . of t h e sa l t fo rms four ions w h e n d isso lved i n w a t e r , viz., [Cr(H2O)6]**" a n d 3 B r ' , 
a n d is in a g r e e m e n t w i t h t h e fac t t h a t all t h e b r o m i n e is a t once p r ec ip i t a t ed b y 
si lver n i t r a t e . T h e r e su l t s a r e s u m m a r i z e d b y t h e fo rmu la [Cr (H 2 O) 6 ]Br 3 . 
A. R e c o u r a sa id t h a t t h e sa l t is insoluble in a lcohol , A. W e r n e r a n d A. Grubser sa id 
t h a t i t is soluble in ace tone , a n d insoluble in e the r . T h e h y d r a t e d c h r o m i c h y d r o x i d e 
p r e c i p i t a t e d b y alkal i-]ye dissolves in ac id fo rming t h e v io le t soln. E . H e i n a n d 
co-workers s t u d i e d some complexes w i t h o rgan ic rad ic les . 

S. M. J o r g e n s e n 2 found t h a t w h e n a soln. of t h e h e x a m m i n o n i t r a t e is t r e a t e d 
with cone, h y d r o b r o m i c acid , a n d t h e p r e c i p i t a t e is w a s h e d w i t h di l . h y d r o b r o m i c 
ac id a n d t h e n w i t h a lcohol , t h e r e is f o rmed o range -
yel low, r h o m b i c p l a t e s of c h r o m i c h e x a m m i n o b r o m i d e , 
[Cr(NHg) 6 ]Br 3 . F . P i n t u s also p r e p a r e d t h i s sa l t . 
W . Bi l tz a n d E . B i r k found t h e sp . gr . t o b e 2-151 a t 
25°/4°, a n d t h e mo l . vo l . 183-2. J . P e t e r s e n , a n d 
P . Pfeiffer found t h e mol . w t . b y t h e c ryoscopic m e t h o d 
a n d t h e mol . c o n d u c t i v i t y co r r e sponds w i t h t h e forma­
t i on of four ions . H . J . S. K i n g g a v e for t h e con­
d u c t i v i t y , fx m h o s , of a mo l of t h e sa l t in v l i t res a t 25°, 
; tx=355-5 for ^ = 6 4 ; / x = 3 9 1 for v = 3 9 1 - l ; a n d / * = 4 2 3 - 3 
for v = 256. I t also forms a c o m p l e x b r o m o p l a t i n a t e . 
E . E p h r a i m a n d W . H i t t e r found t h a t n o a m m o n i a is 
abso rbed b y t h e h e x a m m i n o t r i b r o m i d e a t r o o m t e m p . , 
b u t w h e n cooled b y a freezing m i x t u r e a m m o n i a gas is 
abso rbed , a n d t h e decompos i t i on c u r v e of t h e a m m i n e 
of t h e h e x a m m i n o t r i b r o m i d e is t h a t r e p r e s e n t e d b y 
Eig . 78 , a n d i t show's t h a t a t r i a m m i n e a n d m o n a m m i n e a re fo rmed. P . Pfeiffer, 
a n d F . P i n t u s o b t a i n e d t h e co r r e spond ing c h r o m i c tr i se thylenediaminotr ibromide , 
LCr e n 3 ] B r 3 . n H 2 0 ; P . Pfeiffer a n d H . P ie t sch , c h r o m i c b i se thy lened iaminopro-
pylenediaminotr ibromide , [Cr e n 2 p n ] B r 3 . 3 H 2 0 ; a n d F . P i n t u s , c h r o m i u m tri-
pyridinotribromide, [ C r P y 3 ] B r 3 . H . F a r l s t u d i e d t h e complexes w i t h p y r i d i n e a n d 
c h r o m i c d i c h l o r o e t h y l a t e . A. B e n r a t h found t h a t in t h e presence of h y d r o b r o m i c 
acid , [Cr (NHg) 5 Br]Br 2 , a n d [ C r ( N H 3 ) 5 ( H 2 O ) J B r 3 a r e formed. O. T . Chr i s tensen pre -
X>ared c h r o m i c aquopentamminotr ibrornide , [Cr (NHa) 5 (H 2 O)]Br 3 , f rom a n aq . soln. 
of t h e h y d r o x i d e a n d h y d r o b r o m i c ac id ( 1 : 3 ) . T h e ye l low crys ta l l ine powder is 
so luble i n w a t e r , a n d loses a mo l . of w a t e r a t 110°. H . J . S. K i n g also p r e p a r e d th i s 
sa l t . F . E p h r a i m a n d W . H i t t e r found t h a t t h e sa l t a b s o r b s a m m o n i a in t h e cold, 
a n d t h a t t h e decompos i t i on c u r v e of t h e p r o d u c t shows t h e ex is tence of a n 
o c t a m m i n e a n d a t e t r a m m i n e . A. B e n r a t h found t h a t t h e s t ab l e p h a s e in t h e p re ­
sence of h y d r o b r o m i c ac id is [Cr (NH 3 )5Br ]Br 2 . P . Pfeiffer t r e a t e d ch romic h y d r o x y -
a q u o t e t r a m m i n o d i t h i o n a t e w i t h cone , h y d r o b r o m i c acid, a n d o b t a i n e d a br ick-red 
c rys ta l l ine p o w d e r of c h r o m i c d iaquotetramminotr ibromide , [Cr (NH 3 J 4 (H 2 O) 2 ]Br 3 . 
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P . PfeifTer a n d R . S t e rn p r e p a r e d chromic c i s -d iaquobisethylenediaminotr i bromide , 
[Cr e n 2 ( H 2 0 ) 2 ] B r 3 . 2 H 2 0 ; a n d P . Pfeiffer a n d R . P r a d e o b t a i n e d t h e t rans-sa l t . 
A. W e r n e r i>repared chromic tr iaquotriam mi n o tri bromide, [ C r ( H 2 0 ) 3 ( N H 3 ) 3 ] B r 3 , 
b y t h e ac t ion of h y d r o b r o m i c acid on t h e h y d r o x y a q u o t r i a m m i n o i o d i d e ; 
a n d A. W e r n e r a n d J . L . Kle in , chromic tetraqucniiamminotribroinide, 
[Cr(NHg) 2 (H 2 O) 4 ]Br 3 , b y t h e a c t i o n of h y d r o b r o m i c acid on t h e d i h y d r o x y d i a q u o -
d i a m m i n o b r o m i d e ; P . PfeifTer, a n d P . PfeifTer a n d M. T a p u a c h also o b t a i n e d 
chromic tetraquodipyridinotribromide, [CrPy2(H2O)4]Br3 .2H2O. 

H. J . S. King prepared chromic hydroxypentamminobromide, [Cr(NH3J5-
( O H ) ] C l 2 . J H 2 O , as i n t h e case of t h e cor responding chlor ide . F . E p h r a i m a n d 
W . R i t t e r found t h a t t h e sa l t absorbs a m m o n i a in t h e cold b u t t h e d e c o m p o s i t i o n 
cu rve shows n o s igns of t h e fo rma t ion of a definite a m m i n e . P . PfeifTer p r e p a r e d 
chromic hydroxyaquotetramminodibromide, [Cr(NH3)4(H20)(HO)]Br2 , by adding 
pyr id ine t o a cone. soln. of t h e d i a q u o t e t r a m m i n o d i b r o m i d e . P . PfeifTer, a n d 
P. PfeifTer and R. Stern prepared chromic cis-hydroxyaquobisethylenediaminodi-
bromide , [Cr e n 2 ( H 2 0 ) ( H O ) j B r 2 . H 2 0 , or [Cr Cn 2 (H 4 O 2 ) (HO)JBr 2 ; a n d P . PfeifTer 
a n d R . P r a d e p r e p a r e d t h e trans-salt . O. T. Chris ten sen o b t a i n e d c h r o m i c n i tr i to -
pentamminodibromide , [ C r ( N H 3 ) 5 ( N 0 2 ) ] B r 2 , b y t h e ac t ion of potass ium, or 
a m m o n i u m b r o m i d e on t h e chlor ide of t h e series. S. M. J o r g e n s e n o b t a i n e d 
carmine-red octahedral crystals of chromic chloropentamminodibromide9 
[Cr(NHs) 5 CIjBr 2 , b y t h e act ion of h y d r o b r o m i c acid on t h e ch lor ide of t h e series ; 
he also ob ta ined a complex w i t h mercur ic b r o m i d e . R . K l e m e n t g a v e 
2-129 for t h e sp . gr., a n d 156*2 for t h e mo] , vol . of t h e d i b r o m i d e . 
S. M. Jorgensen, and P. T. Cleve prepared chromic chloroaquotetramminodi-
bromide , [Cr (NHs) 4 (H 2 O)Cl]Br 2 , b y t h e ac t ion of h y d r o b r o m i c acid on t h e ch lor ide 
of t h e series. R . W e r n e r a n d A. Miolat i found t h e electr ical c o n d u c t i v i t y of a mo l 
of t h e sa l t in v l i t res of w a t e r a t 25° t o be : 

v . . 1 2 5 25O 500 IOOO 20OO 
IM . . 220-7 236-8 2511 204-8 2 9 0 0 

8. M. J o r g e n s e n , a n d O. T. Chr is tensen p r e p a r e d chromic b r o m o p e n t a m m i n o -
dibromide, [Cr (NHg) 5 Br]Br 2 , b y t h e ac t ion of h y d r o b r o m i c ac id on t h e p r o d u c t 
of t h e ac t ion of si lver ox ide on t h e ch lo ropen t amminod ich lo r ide . R . E l e m e n t 
g a v e 2-382 for t h e sp . gr., a n d 158*2 for t h e mol . vol . I t forms a c o m p l e x ch loro-
p l a t i n a t e . T h e n i t r a t e , chloride, a n d c h r o m a t e of t h e series C r ( N H g ) 5 B r X 2 were 
also o b t a i n e d . F . E p h r a i m and W . R i t t e r found t h a t t h e sa l t ab so rbs no a m m o n i a . 
A . B e n r a t h found t h a t t h e sa l t is s t ab le in t h e presence of h y d r o b r o m i c ac id . 
R . K l e m e n t gave 1-961 for t h e sp . gr. a n d 146-9 for t h e mol . vo l . of c h r o m i c 
bromopentamminodich lor ide , [Cr (NH 3 ) 5 Br]Cl 2 . H . F r e u n d l i c h a n d R . B a r t e l s 
s t u d i e d t h e hydro lys i s of t h e sa l t [ C r ( N H 3 J 5 B r ] * ' + H 2 O = B r ' + [ C r ( N H a ) 5 ( H 2 O ) ] * ' * . 
P . T. Cleve, a n d P . PfeifTer a n d S. Basc i p r e p a r e d chromic b r o m o a q u o t e t r a m m i n o -
dibroimde, [Cr (NHg) 4 (H 2 O)Br]Br 2 , b y t h e ac t ion of h y d r o b r o m i c ac id o n a n 
a m m o n i a c a l soln. of a m m o n i u m b r o m i d e a n d chromic h y d r o x i d e . T h e ch lor ide 
a n d s u l p h a t e of t h e series were also p r e p a r e d . A. W e r n e r o b t a i n e d c h r o m i c b r o m o -
diaquotr iamminodichlor ide , [Cr (NH 3 J 3 (H 2 O) 2 Br]Cl 2 ; a n d also c h r o m i c bromodi -
aquotr iamminodibromide , [Cr (NHg) 3 (H 2 O) 2 Br]Br 2 ; as well a s t h e c o r r e s p o n d i n g 
s u l p h a t e . P . PfeifTer a n d R . S te rn , a n d P . PfeifTer a n d T. G% L a n d o o b t a i n e d 
c h r o m i c bromoaquobise thy lenediaminodibromide , [Cr e n 2 ( H 2 0 ) B r ] B r 2 . H 2 O . 
A. W e r n e r a n d J . v o n H a l b a n p r e p a r e d d a r k o range c rys ta l s of c h r o m i c t h i o -
cyanatopentamminod ibromide , [Cr (NH 3 ) 6 (SCy) ]Br 2 ; H . I . Schlesinger a n d 
D . N . Rick les also p r e p a r e d c h r o m i u m cis -dibromotetramminochlor ide* 
[ C r ( N H 3 ^ B r 2 ] C l , b y t h e ac t ion of boi l ing h y d r o b r o m i c ac id o n c h r o m i u m tr i -
a m m i n o c h l o r o x a l a t e , [Cr (NH 3 ) 3 Cl(C 2 0 4 ) ] . T h e y also p r e p a r e d t h e c o r r e s p o n d i n g 
c h r o m i u m c i s -d ibromotetramminobromide , [Cr (NH 3 J 4 Br 2 ]Br 9 c h r o m i u m c i s -
d ibromote tramminoiod ide , [Cr (NH 3 J 4 Br 2 ] I , e t c . T h e y also p r e p a r e d c h r o m i u m 
t r a n s ^ b r o m o t e t r a m m i n o b r o m i d e , [Co(NH3)3Br<>]Br, b y t h e ac t ion of h o t h y d r o -
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b r o m i c ac id o n c h r o m i u m t r i a m m i n o b r o m i d e . A. W e r n e r a n d J . L . Kle in 
o b t a i n e d l i lac-coloured c rys ta l s of chromic d ihydroxydiaquodiamminobromide , 
[ C r ( N H s ) 2 ( H 2 O ) 2 ( O H ) 2 I B r - H 2 O , b y t h e ac t ion of p y r i d i n e o n a soln. of d i b r o m o d i -
a q u o d i a m m i n o b r o m i d e ; a n d JE. W e i n m a n n , on ch romic d i h y d r o x y d i a q u o e t h y l e n e -
d i a m i n o i o d i d e , [ C r ( H 2 O ) 2 e n ( O H ) 2 ] I . P- PfeifTer a n d W . O s a n n p r e p a r e d c h r o m i c 
d ihydroxydiaquodipyr id inobromide , [ C r P y 2 ( H 2 O ) 2 ( O H ) 2 J B r . P . PfeifTer a n d 
T . G. L a n d o , a n d A. W e r n e r p r e p a r e d chromic c i s -d icrdorobise thylenediamino-
bromide , [Cr e n 2 C l 2 ] B r . H 2 0 , A. W e r n e r , a n d P . PfeifTer a n d P . K o c h o b t a i n e d t h e 
trans-sa l t ; P . PfeifTer a n d M. T a p u a c h , c h r o m i c dicl i lorodiaquodipyridinobromide, 
[ C r P y 2 ( H 2 O ) 2 C l 2 ] B r . 3 H 2 O ; P . PfeifTer a n d A. T r i e schmann , chromic c i s -
d ibromobise thy lened iaminobromide , [Cr e n 2 B r 2 ] B r . H 2 0 , a s well as t h e corre­
s p o n d i n g iodide , a n d d i t h i o n a t e . T h e t rans-sa l t was also o b t a i n e d as well a s t h e 
c o r r e s p o n d i n g iod ide , n i t r a t e , iod ide , a n d t h i o c y a n a t e . TC. H . Riesenfeld a n d 
F . S e e m a n n , a n d S. G u r a l s k y p r e p a r e d c h r o m i c dftbromoaquotriamminobromide, 
[ C r ( N H 3 J 3 ( H 2 O ) B r 2 ] B r , as well as t h e c o r r e s p o n d i n g iodide , s u l p h a t e , n i t r a t e , a n d 
t h i o c y a n a t e . Y . S h i b a t a m e a s u r e d t h e a b s o r p t i o n s p e c t r u m of t h e b r o m i d e . 
N. Bjerrum found t h a t chromic dibromotetraquochloride, [Cr(H2O)4Br2]Cl.2H2O, 
is p r e c i p i t a t e d w h e n a cold soln. of c h r o m i c d i b r o m o t e t r a q u o b r o m i d e in di l . h y d r o ­
chlor ic ac id is s a t . w i t h h y d r o g e n ch lor ide . I t s c o n s t i t u t i o n is d e d u c e d f rom i t s 
m e t h o d of f o r m a t i o n , i t s colour, wh ich resembles t h a t of t h e d i b r o m o b r o m i d e , 
a n d f rom t h e ease w i t h w h i c h t h e ha logen in t h e me ta l l i c c o m p l e x is b r o u g h t i n to 
t h e ionized s t a t e b y soln. in w a t e r or n i t r i c ac id . H e also p r e p a r e d chromic 
dichlorOtetraquobromide, [Cr (H 2 O) 4 Cl 2 ]Br , in a s imi la r m a n n e r , a s a n uns t ab l e , 
green , c rys ta l l ine p o w d e r ; t i t r a t i o n b y si lver n i t r a t e shows t h a t on ly one ha logen 
a t o m is in t h e ionized s t a t e in soln. A. W e r n e r a n d J . V. D u b s k y , a n d A. W e r n e r 
and J . L. Klein prepared chromic dibromodiaquodiamminobromide, 
[ C r ( N H g ) 2 ( H 2 O ) 2 B r 2 ] B r ; a n d P . PfeifTer a n d M. T a p u a c h , chromic dibromodi-
aquodipyridinobromide , [ C r P y 2 ( H 2 0 ) 2 B r 2 ] B r . 4 H 2 0 , as well a s t h e co r re spond ing 
n i t r a t e , a n d iod ide . P . PfeifTer a n d M. Ti lgner o b t a i n e d c h r o m i c d i th iocyanato -
t e t r a m m i n o b r o m i d e , [ C r ( N H ^ ) 4 ( S C y ) 2 ] B r ; P . PfeifTer a n d P . K o c h , chromic 
d i th iocyanatob i se thy lened iaminobromide , [Cr e n 2 ( S C y ) 2 ] B r . H 2 0 , a n d P . PfeiiTer 
o b t a i n e d t h e t r a n s - s a l t ; P . PfeifTer, c h r o m i c oxa latote^ramminobromide , 
[ C r ( N H 4 ) 4 ( C 2 0 4 ) ] B r . | H 2 0 ; H . Schwarz , P . PfeifTer a n d A. T r i e s c h m a n n , chromic 
oxa la tob i se thy l ened iammobromide , [Cr e n 2 ( C 2 0 4 ) | B r . H 2 0 . 

H . I . Schles inger a n d 1). N . R ick les prex>ared c h r o m i c tr iamminotr ibromide , 
[ C r ( N H 3 J 3 B r 3 ] , c h r o m i c tr ia inminochlorodibromide , [Cr (NH 3 J 3 Br 2 Cl] , a n d chromic 
tr iamminodichlorobromide» [C r (NH 3 ) 3 BrCl 2 ] , a s in t h e case of ch romic t r i a m m i n o -
t r i ch lo r ide , b y t h e t h e r m a l d e c o m p o s i t i o n of t h e c o r r e s p o n d i n g p e n t a i n m i n e s a t 
175°. T h e c o r r e s p o n d i n g iodo- , n i t r a t o - , a n d n i t r i t o - sa l t s could n o t be s imi lar ly 
o b t a i n e d . 

S. M. J o r g e n s e n , J . P e t e r s e n , a n d P . PfeifTer p r e p a r e d c h r o m i u m 
hydroxydecamminopentabromide, [Cr2(OH)(NH3)1 0]Brs.H2O, and its bromo-
plat inate ; as well as chromic hydroxydecamminohydroxytetrabromide, 
[ C r 2 ( O H ) ( N H g ) 1 0 ] B r 4 ( O H ) . H 2 O . S. M. J o r g e n s e n desc r ibed c h r o m i c h y d r o x y d e c a m -
m i n o t e t r a b r o m i d e , [ C r 2 ( O H ) ( N H g ) 1 0 ] B r 4 . 2 H 2 O ; P . PfeifTer a n d R . S t e rn , c h r o m i c 
dihydroxybisethylenediaminotetrabromide, [Cr(OH)2en2]Br4 .2£H20 ; S. M. Jor­
gensen, chromic trihydroxyaquohe^ 
H2O ; P . PfeifTer and W, Vorster, chromic hexaquosexiesethylenediaminohexa-
bromide, [Cr4(OH) en0]Br6.4H2O. 

A. W e r n e r a n d A. G u b s e r p r e p a r e d r u b i d i u m c h r o m i u m bromide , 2 R b B r . C r B r 3 . 
H 2 O , or R b [ C r B r 5 ( H 2 O ) ] , f rom a soln . of 3 gr ins , of r u b i d i u m b r o m i d e , 8 g r m s . 
of g r een c h r o m i c b r o m i d e , a n d 10 g r m s . of w a t e r . T h e b rownish -v io le t c rys ta l s 
a r e so luble in w a t e r . S. M. J o r g e n s e n p r e p a r e d c h r o m i c c h l o r o p e n t a m m i n o d i -
bromomercuribromide, [Cr(NH3)5Cl]Br2 .2pigBr2 ; and P . PfeiiTer, chromic 
dibromobisethylenediaminobromomercuribromide, [Cr en2Br2]Br.HgBr2 . 

H . R o s e 3 h e a t e d a m i x t u r e of p o t a s s i u m d i c h r o m a t e a n d b r o m i d e wi th sul-
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p h u r i c acid, a n d found t h a t b r o m i n e dis t i ls over -without a t r a c e of c h r o m i u m . N o 
s igns of a c h r o m y l bromide , C r O 2 B r 2 , a n a l o g o u s w i t h t h e co r re spond ing ch lor ide w a s 
o b t a i n e d . S. Gr. R a w s o n also failed t o p r e p a r e t h e c o m p o u n d b y H . R o s e ' s m e t h o d , 
a n d also b y h e a t i n g ca l c ium b r o m i d e a n d c h r o m y l chlor ide in sealed t u b e s a t v a r y i n g 
t e m p , a n d v a r y i n g per iods of t i m e . H . S. F r y found t h a t a soln. of a c e t y l b r o m i d e 
in c a r b o n t e t r ach lo r ide , t o w h i c h a few d rops of acet ic ac id a r e a d d e d , p r o d u c e s a n 
in t ense p e r m a n g a n a t e - r e d co lora t ion , which r a p i d l y changes t o r e d d i s h - b r o w n . 
T h e l a t t e r colour is d u e t o b r o m i n e , a n d t h e former t o a n u n s t a b l e c h r o m y l b r o m i d e . 
T h e p r o d u c t i o n of t h e p e r m a n g a n a t e - r e d colour is r e c o m m e n d e d a s a t e s t for t r a c e s 
of c h r o m i u m , a n d is c a p a b l e of de t ec t i ng 0*01 mg. pe r 1 c.c. of so lven t . 

A. D i t t e p r e p a r e d po tass ium bromochromate , K C r O 3 B r , f rom a m i x e d soln. 
of ch romic ac id a n d p o t a s s i u m b r o m i d e e v a p o r a t e d in t h e cold i n v a c u o . J . H e i n t z e 
o b t a i n e d . i t f rom a soln. of p o t a s s i u m c h r o m a t e a n d fuming h y d r o b r o m i c ac id . 
T h e r ed c rys t a l s lose b r o m i n e in t h e des icca tor ; w a t e r decomposes t h e sa l t i n t o 
p o t a s s i u m d i c h r o m a t e a n d h y d r o b r o m i c acid ; a n d wi th n i t r o g e n pe rox ide , n i t r o x y l 
b r o m i d e is fo rmed. 
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§ 27. Chromium Iodides and Oxyiodides 
A. Moberg 1 o b s e r v e d t l i a t a soln. of c h r o m o u s ch lor ide does n o t give a p r ec ip i t a t e 

w i th p o t a s s i u m iodide , b u t t h e soln. a c q u i r e s a r e d d i s h - b r o w n colour . H . Moissan 
p r e p a r e d c h r o m o u s iodide, or c h r o m i u m diiodide, C r I 2 , b y h e a t i n g ch romic iodide 
in h y d r o g e n . T h e greyish -whi te p r o d u c t fo rms a b l u e soln. w i t h w a t e r ; a n d th i s , 
on exposu re , b e c o m e s g r een owing t o t h e a b s o r p t i o n of o x y g e n . T h e presence of 
t h i s sa l t in w a t e r can i n d u c e t h e d i sso lu t ion of t h e inso lub le fo rms of t h e a n h y d r o u s 
ch romic ha l ides . W . BiI t z a n d E . B i r k g a v e 5-196 for t h e s p . gr . of c h r o m o u s 
hexamminodiiodide, CrI2 . 6ISTH3. 

J . Ingl is obse rved t h a t w h e n a soln. of p o t a s s i u m d i c h r o m a t e is t r e a t e d w i t h 
a n excess of cone , h y d r i o d i c ac id , a dense b l a c k p r e c i p i t a t e of iod ine s e p a r a t e s o u t . 
J. M. O r d w a y said t h a t a soln . of a mo l of h y d r o g e n iodide dissolves 3 mols of ch romic 
ox ide . P . G u y o t found t h a t b y h e a t i n g t h e m i x t u r e of p o t a s s i u m d i c h r o m a t e a n d 
h y d r i o d i c acid, t h e r e r e m a i n s a f te r t h e expu l s ion of t h e iod ine , a m i x t u r e of p o t a s ­
s ium iodide , a n d w h a t w a s sa id t o be c h r o m i c iodide, or c h r o m i u m triiodide» Cr I 3 . 
H . Moissan o b t a i n e d r ed c rys t a l s of a n h y d r o u s c h r o m i c iod ide b y t h e ac t i on of 
iod ine v a p o u r ca r r i ed b y a c u r r e n t of n i t r o g e n ove r r e d - h o t c h r o m i u m ; R . I I a n s l i a n 
o b s e r v e d n o r e a c t i o n a t t h e b . p . of iod ine . Acco rd ing t o G. O. Hig ley , t h e v io le t 
enneahydrate, C r I 3 . 9 H 2 O , or [Cr (H 2 O) 3 (H 4 O 2 )S] , is f o r m e d b y pas s ing h y d r o g e n 
iod ide i n t o 3O c.c. of w a t e r in wh ich 12-3 g r m s . of b a r i u m c a r b o n a t e a r e s u s p e n d e d 
a n d t h e n a d d i n g 14*5 g r m s . of v io le t c h r o m i c s u l p h a t e , a n d s a t . t h e n i t r a t e a t 10° 

, w i t h h y d r o g e n iodide . T h e d a r k viole t or b l a c k c rys t a l s y ie ld a n ol ive-green powder . 
T h e sa l t decomposes on keep ing w i t h t h e evo lu t i on of h y d r o g e n iod ide ; i t is v e r y 
hygroscop ic ; a n d i t is so luble in a lcohol , a n d in a c e t o n e , b u t inso lub le in ch loro­
fo rm. W . Bi l tz a n d E . B i r k g a v e 4-915 for t h e sp . g r . a t 25° /4° . 

S. M. J o r g e n s e n 2 t r e a t e d a soln. of c h r o m i c h e x a m m i n o n i t r a t e w i th a soln. 
of p o t a s s i u m iodide , a n d o b t a i n e d c h r o m i c hexamminotr i iod ide , [C r (NH 3 ) 6 ] I 3 . 
T h e yel low, r h o m b i c p l a t e s a re i s o m o r p h o u s w i t h t h e b r o m i d e . W . BiItz a n d 
E . B i r k g a v e 2-425 for t h e sp . g r . a t 2 5 0 M 0 ; a n d 220-6 for t h e mol . vol . E . R o s e n -
b o h m g a v e 10-53 X 1 0 ~ 6 m a s s u n i t s for t h e m a g n e t i c suscep t ib i l i ty . A. B e n r a t h 
found t h a t in t h e p resence of hyd r iod i c ac id , [ C r ( N H 3 ) 5 I ] I 2 , a n d [ C r ( N H 3 ) 5 ( H 2 0 ) ] I 3 
a re fo rmed . P . Pfeiffer, a n d P . Pfeiffer a n d M. Ti lgner p r e p a r e d chromic tr isethyl-
enediaminotr i iodide , [Cr e n 3 ] I 3 . H 2 0 ; P . PfeifTer a n d H . P ie t sch , chromic 
bisethylenediaixiinopropylenediaxninotriiodide, [Cr en 2 pn]I 3 .2H 2 0 ; and P . PfeifTer 
and M. Haimann, chromic trispropylenediaminotriiodide, [Cr pn 3 ] I 3 .H 2 0 . 
O, T. Chr i s t ensen o b t a i n e d a yel low c rys ta l l ine p o w d e r of c h r o m i c a q u o p e n t a m m i -
notr i iodide , [Cr (NH 3 )S (H 2 O)] I 3 , b y t h e a c t i o n of hyd r iod i c ac id on a soln. of t h e 
co r r e spond ing h y d r o x i d e . H . J . S. K i n g also p r e p a r e d t h i s sa l t . 

H . J . S. K i n g p r e p a r e d c h r o m i c hydxoxypentamminodi iod ide , [Cr (NHg) 5 (OH)] I 2 . 
J H 2 O , a s in t h e case of t h e ch lor ide . A n a d d i t i o n p r o d u c t w i t h p o t a s s i u m iodide 
w a s a lso o b t a i n e d . P . PfeifTer a n d R . S t e r n o b t a i n e d c h r o m i c c i s -hydroxyaquo-
bise thylenediaminodi iodide , [Cr e n 2 ( H 2 0 ) ( O H ) ] I 2 ; a n d P . Pfeiffer a n d R . P r a d e , t h e 
trans-sa l t . O. T . Ch r i s t en sen p r e p a r e d red , o c t a h e d r a l c rys t a l s of chromic nitr i to-
pentamminodi iod ide , [ C r ( N H 3 ^ ( N O 2 ) J I 2 ; a n d A. W e r n e r a n d J . v o n H a l b a n , chromic 
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nitratopentamminodiiodide, [Cr(NHg)5(NOa)]I2. S. M. Jorgensen obtained lilac 
plates of chromic cUoropentaiiirninodiiodide, [Cr(NH3J6Cl]I2, associated with one 
and two mols. of mercuric iodide. P . T. Cleve prepared garnet-red, rhombic prisms 
of chromic cMoroaquotetxamminodiiodide, [Cr(NHg)4(H2O)Cl]I2. S. M. Jorgensen 
obtained bluish-violet, octahedral crystals of chromic iodopentamminodiiodide, 
[Gr(NHg)5I]I2, as well as the corresponding chloride, and ni t ra te . H. Freundlich 
and R. Bartels studied the hydrolysis of the sa l t : [Cr(NHg)5I]* "-+-H2O=I' 
+[Cr(NHg)5(H2O)]***. P . T. Cleve prepared chromic iodoaquotetramminodiiodide, 
[Cr(NHg)4(H2O)I]I2 , in rose-red octahedra ; A. Werner and J . V. Dubsky, 
chromic dihydroxydiaquodiamminoiodide, [Cr(NHg)2(H2O)2(OH)2]I; E . Wein-
raann, chromic dihydroxydiaquoethylenediajoiinoiodide, [Cr(H2O)2 en(OH2)]I ; 
P . PfeifEer and W. Osann, chromic dihydroxydiaquodipyridinoiodide, 
[CrPy2(H2O)2(OH)2]I ; P . PfeifEer and T. G. Lando, P . PfeifEer and P . Koch, and 
P . Pfeiffer and A. Trieschmann, chromic cis-dicWorobisethylenediaminoiodide, 
[Cr en2Cl2]I, and also the trans-sal t ; E. Rosenbohm, chromic dicUorotetrammino-
iodide, [Cr(NHg)4Cl2]I, with the magnetic susceptibility 19-74 X IO-^ mass un i t s ; 
A. Werner, chromic dicWoroaquotriamminoiodide, [Cr(NHg)3(H2O)Cl2]I; S. Gural-
sky, and A. Werner, chromic dibromoaquotriamminoiodide, [Cr(NHg)3(H2O)Br2]I ; 
P . Pfeiffer, chromic cis-dibromobisethylenediaminoiodide [Cr en 2 Br 2 ] I .H 2 0 , as 
well as the trans-salt ; P . PfeifEer and M. Tapuach, chromic dibromodiaquodipyri-
dinoiodide, [CrPy2(H2O)2Br2]I-^H2O ; P . PfeifEer and T. G. Lando, complex salts 
of mercuric iodide with chromic diiodobisethylenedianunoiodide, [Cr en 2 I 2 ] I ; 
P . PfeifEer and P. Koch, a complex salt of mercuric iodide with chromic cis-
thiocyanatobisethylenediaiuinoiodide, [Cr en 2 (SCy) 2 ] I .HgI; P . PfeifEer and 
A. Trieschmann, and H. Schwarz, chromic oxalatobisethylenexliaminoiodide, 
[Cr en2(C204)]T ; S. M. Jorgensen, chromic hydroxydecamminopentaiodide, 
[Cr(OH)(NHg)10]I5.H2O ; F . Pintus prepared chromic txisethylenediaminotri-
iodide, [Cr en3]I3. S. M. Jorgensen, chromic hydroxydecamminohydroxydichloro-
diiodide, [Cr2(OH)(NHg)10]Cl2I2(OH), and chromic hydroxydecamminochlorotetra-
iodide, [Cr2(OH)6(NH3)10]ClI4 .H2O ; P . PfeifEer and R. Stern, chromic dihydroxy-
quaterethylenediaminotetraiodide, [Cr2(OH)2 en 4 ] I 4 .2£H 20 ; S. M. Jorgensen, 
chromic trihydroxyaquohexamminotriiodide, [Cr2(OH)3(H2O)(NHg)6]I3-H2O ; 
R. F . Weinland and E. Buttner, chromic hexacetatodihydroxytrianiminoiodide 
[Cr3(CH3COO)6(NHg)3(HO)2]I ; R. F . Weinland and E. Gussmann, chromic 
hexacetatodihydroxytripyridinoiodide, [Cr3(CH8COO)6Py3(OH)2]I ; and P . PfeifEer 
and W. Vorster, chromic hexahydroxysexiesethylene&aminohexaiodide, 
[Cr4(OH) 6en6]I6 .H2O, and an addition product with mercuric iodide. 

S. M. Jorgensen prepared the complex chromic chloropentamminodiiodo-
mercuriiodide, [Cr(NH3)5Cl]I2.HgI, as well as [Cr(NHg)5Cl]I2.2HgI2 ; P . PfeifEer, 
chromic diiodobisethylenediaminoiodomercuriiodide, [Cr en 2 I 2 ] I .HgI 2 ; P . PfeifEer 
and P . Koch, chromic d^thiocyanatobisethylenediarninoiodoinercviriiodide, 
[Cr en2(SCy)2]I.HgI2 ; and P . Pfeifler and W. Vorster, chromic hexahydroxy-
sexiesethylenediaminohexaiodomercuxiiodide, [Cr 4(OH) 6en 6]I 6 .2HgI 2 .8H 20. 

As indicated above, J . Inglis,3 and P . Guyot obtained no evidence of the for­
mation of an oxyiodide by the action of hydriodic acid on potassium chromate. 
H . Giraud said tha t an oxyiodide is formed as a deep red, oily liquid, boiling a t 149°, 
by the action of sulphuric acid on a mixture of potassium dichromate and iodide. 
H . Rose found tha t iodine, not chromyl iodide, is formed ; nor could S. G. Rawson 
verify this, nor could he obtain an oxyiodide by the action of calcium iodide on 
chromyl chloride in a sealed tube ; by the action of the vapour of chromyl chloride 
on ethyl iodide, or by the action of hydrochloric acid, acetic acid, or hydrofluosilicic 
acid on a mixture of potassium iodide, chromium trioxide, and solid zinc chloride. 
I . Waljz obtained some iodate by the action of chromic acid on iodine. H . S. F ry 
t rea ted chromium trioxide with acetyl iodide and obtained only iodine. There 
was no evidence of the formation of chromyl iodide. 

According to P . Guyot, when potassium chromate is t rea ted with colourless 
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h y d r i o d i c ac id , g a r n e t - r e d c ry s t a l s of po tas s ium iodochromate , KCrO 3 T, a re p ro ­
d u c e d . If t h e sa l t c o n t a i n s a n excess of iodine i t m a y h a v e a b r o w n t i n t , b u t on 
e x p o s u r e t o t h e a i r i t g r a d u a l l y a s sumes i t s n o r m a l colour . I t is d e c o m p o s e d in 
t h e p resence of w a t e r i n t o h y d r i o d i c ac id a n d p o t a s s i u m d i c h r o m a t e . W h e n h e a t e d 
i t g ives ofT iodine copious ly ; on boi l ing i t w i t h hyd r iod i c ac id m o r e iod ine is g iven 
off, p o t a s s i u m iodide a n d c h r o m i c iodide r e m a i n i n g beh ind . 
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§ 28. Chromium Sulphides 

O. S c h u m a n n * m a d e some o b s e r v a t i o n s on t h e r e l a t i ve affinities of c h r o m i u m 
a n d t h e m e t a l s for s u l p h u r a n d oxygen . Accord ing t o A. Moberg , when ch romous 
ch lor ide is t r e a t e d w i t h a m m o n i u m su lph ide , a b lack p r e c i p i t a t e — p r e s u m a b l y 
chromous sulphide or chromium monosulphide, CrS—is formed ; E . M. Peligot 
o b t a i n e d i t b y t h e u se of p o t a s s i u m su lph ide a n d obse rved t h a t t h e p r ec ip i t a t e is 
inso lub le i n a n excess of t h e p r e c i p i t a n t . M. T r a u b e obse rved t h a t t h e su lphide 
occurs a m o n g t h e p r o d u c t s of t h e r e d u c t i o n of ch romic s u l p h a t e h e a t e d in hydrogen . 
H . Moissan obse rved t h a t w h e n c h r o m o u s chlor ide is h e a t e d t o 440° in h y d r o g e n 
su lph ide , t h i s su lph ide is f o rmed ; t h i s is a lso t h e case w h e n ch romic su lph ide is 
h e a t e d in h y d r o g e n . A . M o u l o t o b t a i n e d th i s su lph ide b y h e a t i n g c h r o m i u m in a n 
a t m . of h y d r o g e n su lph ide in a n e lectr ic furnace . T h e b lack m a s s p r e p a r e d a t a high 
t e m p , fo rms o p a q u e , p r i s m a t i c c rys t a l s of sp . gr. 4-08. T h e b lack , non-crys ta l l ine 
p o w d e r h a s a sp . g r . 3-97. W . F . de J o n g a n d H . W . V. Wi l lems found t h a t t h e 
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c r y s t a l s of t h e m o n o s u l p h i d e , p r e p a r e d b y h e a t i n g s u l p h u r a n d c h r o m i u m a t 600° , 
h a v e a n X - r a d i o g r a m in a g r e e m e n t w i t h a h e x a g o n a l l a t t i ce w i t h a = 3 * 4 4 A. , a n d 
c = 5 * 6 7 A. ; a n d sp . gr . 4-85. M. P i c o n g a v e 1550° for t h e m . p . T h e c ry s t a l s s c r a t c h 
q u a r t z . M. P i c o n f o u n d t h a t c h r o m o u s su lph ide is m o r e r e s i s t a n t t o t h e a c t i o n of 
c a r b o n a t a h igh t e m p . , i n v a c u o , t h a n is t h e co r re spond ing ox ide . T h e su lph ide 
me l t s w i t h o u t d i ssoc ia t ion a t 1550°. E . W e d e k i n d a n d C. H o r s t g a v e 28-4 X 10~~5 

m a s s u n i t s for t h e m a g n e t i c suscep t ib i l i t y a t 19-5°. C h r o m o u s su lph ide is eas i ly 
a t t a c k e d b y ox id iz ing a g e n t s , b u t n o t b y r e d u c i n g a g e n t s , C h r o m o u s su lph ide is 
b u t s l ight ly r e d u c e d w h e n h e a t e d t o 1200° in h y d r o g e n ; w i t h o x y g e n , a t a r e d - h e a t , 
c h r o m i c ox ide a n d s u l p h a t e , a n d s u l p h u r d iox ide a r e fo rmed ; w h e n h e a t e d i n air , 
i t g lows, f o rming c h r o m i c ox ide , b u t no s u l p h u r is o b t a i n e d ; w i t h w a t e r - v a p o u r , 
c h r o m i c ox ide a n d h y d r o g e n su lph ide a r e fo rmed ; w i t h fluorine, c o m b i n a t i o n 
occur s w i t h i ncandescence , a n d s imi lar ly also w i t h h y d r o g e n f luoride ; a t 340° , 
ch lo r ine fo rms c h r o m i c chlor ide ; a n d ca rbon , in a n e lec t r ic fu rnace , fo rms a p r o d u c t 
free f rom s u l p h u r . Mol t en p o t a s s i u m h y d r o x i d e or c a r b o n a t e p r o d u c e s s u l p h a t e 
a n d c h r o m a t e . Accord ing t o M. H o u d a r d , b y h e a t i n g a m i x t u r e of a l u m i n i u m 
(7 g rms . ) and c h r o m i u m ' (5-6 g rms . ) in a c u r r e n t of h y d r o g e n su lph ide , a b l ack , 
c rys t a l l ine m a s s is o b t a i n e d , w h i c h evolves h y d r o g e n su lph ide w i t h w a t e r , g iv ing 
a depos i t of a l u m i n a a n d leav ing a r edd i sh -b lack , c rys ta l l ine r e s idue , wh ich , w h e n 
w a s h e d w i t h dil . hydroch lo r i c acid , co r r e sponds w i t h c h r o m o u s sulphoalutt l i l iate , 
Al 2 S 3 -CrS, or C r ( A l S 2 ^ - I t s opt ica l p rope r t i e s r e semble t hose of t h e spinels , a n d t h e 
c ry s t a l s h a v e t h e cub ic s t r u c t u r e . If excess of c h r o m i u m is used , t h e sesquisu l -
p h i d e s eems t o b e fo rmed a n d t h e c rys ta l l ine m a s s o b t a i n e d is on ly w i t h difficulty 
a t t a c k e d b y di l . hyd roch lo r i c acid , wh i l s t n i t r i c ac id s lowly d e s t r o y s t h e d o u b l e 
c o m p o u n d , l eav ing a b lack , c rys ta l l ine res idue of CrS. F o r c h r o m o u s s u l p h o -
c h r o m i t e , vide infra. 

H. Moissan observed t h a t chromic sulphide, or chromium hemitrisulphide, or 
Chromium sesquisulphide , C r 2 S 3 , c an be f o r m e d b y t h e d i r ec t u n i o n of t h e e l e m e n t s , 
for c h r o m i u m filings a t 700° u n i t e w i t h s u l p h u r v a p o u r t o form t h i s c o m p o u n d ; 
a n d i t is a lso f o r m e d w h e n h y d r o g e n su lph ide is p a s s e d ove r c h r o m i u m a t 1200°. 
J . J . Berze l ius p r e p a r e d t h i s c o m p o u n d b y h e a t i n g a n i n t i m a t e m i x t u r e of s u l p h u r 
a n d c h r o m i c ox ide in v a c u o ; a n d I J . R . v o n Fe l l enbe rg m e l t e d a m i x t u r e of c h r o m i c 
ox ide , s u l p h u r , a n d p o t a s s i u m c a r b o n a t e . O. H a r t e n o b t a i n e d i t b y pass ing h y d r o ­
gen s u l p h i d e ove r w h i t e - h o t c h r o m i c ox ide , or c h r o m i u m t r i ox ide . O. S c h u m a n n 
w o r k i n g a t a lower t e m p , o b t a i n e d on ly a 25 pe r cen t , convers ion . H . Moissan a d d e d 
t h a t t h e r e a c t i o n -with c h r o m i c oxide , n o t p rev ious ly calc ined, se ts in a t a b o u t 440° . 
W . Mul ler o b t a i n e d a l a rge p r o p o r t i o n of c h r o m i c ox ide b y pas s ing h y d r o g e n su lph ide 
ove r h e a t e d p o t a s s i u m c h r o m a t e , a n d e x t r a c t i n g t h e p o t a s s i u m su lph ide w i t h 
w a t e r . J . L . L a s s a i g n e h e a t e d a m i x t u r e of ch romic ch lor ide a n d s u l p h u r a t a 
r e d - h e a t , b u t , a d d e d J . J . Berze l ius , t h e r e a c t i o n is i n c o m p l e t e . J . v o n Lieb ig 
o b t a i n e d c h r o m i c s u l p h i d e b y pas s ing h y d r o g e n su lph ide over s t r o n g l y h e a t e d 
c h r o m i c ch lo r ide . J . J . Berze l ius p r e p a r e d t h e su lph ide b y m e l t i n g c h r o m i c o x i d e 
a n d p o t a s s i u m p e n t a s u l p h i d e a t a h igh t e m p . , a n d e x t r a c t i n g t h e a lka l i su lph ide 
w i t h w a t e r . H . Schne ide r r e c o m m e n d e d p r e p a r i n g c h r o m i c su lph ide b y t r e a t i n g 
s o d i u m s u l p h o c h r o m i t e w i t h di l . h y d r o c h l o r i c acid, a n d h e a t i n g t h e wel l -washed 
p r o d u c t in a c u r r e n t of c a r b o n d iox ide . F. Woh le r , a n d C. B r u n n e r h e a t e d p o t a s ­
s i u m c h r o m a t e w i t h p o t a s s i u m p o l y su lph ide , w h e n , accord ing t o A . Schafar ik , a 
complex a lkal i ch romic su lph ide is p r o b a b l y fo rmed . K . B r u c k n e r f o u n d t h a t 
w h e n a m i x t u r e of c h r o m i c ox ide a n d s u l p h u r is h e a t e d in air , t h e ox ide is n o t 
d e c o m p o s e d ; c h r o m i u m t r i o x i d e inf lames a n d fo rms c h r o m i c ox ide w i t h a smal l 
p r o p o r t i o n of su lph ide ; p o t a s s i u m c h r o m e - a l u m w i t h a p ro longed h e a t i n g fo rms 
c h r o m i c oxide a n d p o t a s s i u m s u l p h a t e , b u t if t h e m i x t u r e is h e a t e d for on ly a s h o r t 
pe r iod , a p o t a s s i u m a n d c h r o m i u m su lph ide is fo rmed—v ide supra, for t h e a c t i o n 
of s u l p h u r on c h r o m a t e s . H . R o s e o b t a i n e d c h r o m i c su lph ide b y pas s ing t h e v a p o u r 
of c a r b o n d i su lph ide over h e a t e d c h r o m i c ox ide ; W . Muller p a s s e d t h e v a p o u r ove r 
h e a t e d p o t a s s i u m c h r o m a t e a n d e x t r a c t e d t h e a lka l i su lph ide b y w a t e r ; a l a rge 
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p r o p o r t i o n of ch romic ox ide is f o rmed if a m m o n i u m c h r o m a t e is e m p l o y e d . E . K o p p 
o b t a i n e d a p y r o p h o r i c m i x t u r e b y r educ ing ch romic s u l p h a t e in h y d r o g e n ; 
M. T r a u b e showed t h a t t h e b l a c k p r o d u c t is a m i x t u r e of c h r o m i c su lph ide a n d 
ox ide . M. T r a u b e o b t a i n e d some su lph ide b y h e a t i n g ac id c h r o m i c s u l p h a t e in 
d r y h y d r o g e n su lph ide ; A. M o u l o t h e a t e d t h e s u l p h a t e m i x e d w i t h p o t a s s i u m 
p o l y s u l p h i d e ; a n d K . B r u c k n e r , w i t h su lphu r . H . Moissan h e a t e d c h r o m i c 
o x a l a t e in h y d r o g e n su lph ide ; a n d Tt. Schne ider h e a t e d t h e h igher c h r o m i u m 
sulphides—e .g . C r 4 S 7 = 2 C r 2 S 3 + S . 

Ana lyses of c h r o m i c su lph ide in a g r e e m e n t w i th t h e fo rmula Cr 3 S 3 were r e p o r t e d 
b y Li. I i . v o n Fe l l enbe rg , O. H a r t e n , A. G a u t i e r a n d L . H a l l o p e a u , a n d A. Mour lo t . 
A. Schafar ik , W . Miiller, a n d M. T r a u b e o b t a i n e d r a t h e r t o o h igh a p r o p o r t i o n of 
s u l p h u r . J . JJ. La s sa igne ' s ana lys i s m u s t h a v e b e e n m a d e on a v e r y i m p u r e sample . 
Acco rd ing t o t h e t e m p , a t which i t h a s b e e n p r e p a r e d , ch romic su lphide a p p e a r s as 
a b l a c k or d a r k g r e y p o w d e r ; o r i n b r i g h t b lack , o r g rey ish-b lack c rys ta l s in some 
cases r e sembl ing g r a p h i t e . A. Schafa r ik g a v e 2*79 t o 3-77 for t h e sp . gr. of t h e 
c rys t a l s . If h e a t e d in t h e absence of air , H . Moissan obse rved t h a t chromoua 
su lph ide is fo rmed . M. P i c o n found t h a t c h r o m i c su lph ide loses s u l p h u r a t 1350°, 
m e l t s a t 1550°, a n d t h e n h a s a compos i t i on CrS1-Qe- A. K a r l sa id t h a t t h e su lph ide 
is t r i b o l u m i n e s c e n t . W h e n t h e p o w d e r is u sed a s a n o d e in t h e electrolysis of 2 per 
cen t , su lphur i c ac id , K . F i s c h b e c k a n d E . E i n e c k e found t h a t as h y d r o g e n su lph ide 
is formed, t e r v a l e n t c h r o m i u m passes i n t o soln. O. Ste l l ing s t u d i e d t h e X - r a y 
s p e c t r u m . E . W e d e k i n d a n d C. H o r s t g a v e 23-28 X 1 0 ~ 6 m a s s u n i t s for t h e m a g n e t i c 
suscep t ib i l i ty . M. T r a u b e , A. Schafar ik , a n d J . L . L<assaigne obse rved t h a t ch romic 
su lph ide b u r n s l ike a p y r o p h o r u s w h e n h e a t e d in a i r or o x y g e n forming ch romic 
o x i d e — W . Miiller sa id t h a t some g reen bas ic s u l p h a t e is fo rmed . H . V. R e g n a u l t 
o b s e r v e d t h a t w i t h w a t e r v a p o u r , h y d r o g e n su lph ide a n d a l i t t le ch romic oxide a re 
fo rmed . H . Hose sa id t h a t c h r o m i c su lph ide is scarce ly a t t a c k e d b y chlor ine even 
a t a h igh t e m p . ; b u t J . J . Berzel ius , H . Moissan, L . R . v o n Fe l lenberg , a n d 
O. H a r t e n obse rved t h a t t h e su lph ide is p a r t i a l l y d e c o m p o s e d by chlor ine a t 
o r d i n a r y t e m p . , b u t decompos i t i on i n t o c h r o m i c chlor ide is c o m p l e t e a t h igher t e m p . 
W . Miiller obse rved on ly a s l ight a c t i o n w i t h hydroch lo r i c ac id . J . Mi lbauer a n d 
E . T u c e k s t u d i e d t h e ac t i on of s u l p h u r d iox ide on t h e h e a t e d su lph ide . Accord ing 
to J . J . Berzel ius , some forms of ch romic su lph ide a re d e c o m p o s e d b y n i t r i c acid, 
whi le o t h e r forms a re a t t a c k e d w i t h difficulty. A . Schafa r ik obse rved t h a t fuming 
n i t r i c ac id does n o t a t t a c k t h e su lph ide in t h e cold, b u t t h e boi l ing acid read i ly 
decomposes t h e su lph ide , a n d J. L . Las sa igne sa id t h a t t h e boi l ing ac id h a s v e r y 
l i t t l e ac t ion . H . Moissan found t h a t n i t r i c acid , or a q u a regia a t t a c k s t h e su lph ide 
w i t h difficulty, whi le J . Li. Las sa igne sa id t h a t a q u a reg ia c o n v e r t s i t i n t o ch romic 
ch lor ide a n d su lphu r i c ac id . F . Grobel found t h a t c h r o m i c su lph ide is decomposed 
w h e n h e a t e d in c a r b o n m o n o x i d e , a n d c a r b o n d i su lph ide is fo rmed . J . L . Lassa igne 
f o u n d t h a t w i t h fused p o t a s s i u m n i t r a t e i t fo rms p o t a s s i u m c h r o m a t e a n d s u l p h a t e ; 
b u t J . J . Berze l ius sa id t h a t i t is n o t d isso lved b y soln. of p o t a s s i u m h y d r o x i d e or 
su lph ide . S. M. J o r g e n s e n t r e a t e d a soln. of ch romic c h l o r o p e n t a m m i n o d i c h l o r i d e 
w i t h a m m o n i u m p o l y s u l p h i d e ; on a d d i n g alcohol , a n d a l lowing t h e t u r b i d l iquid 
t o s t a n d in a d a r k p lace , h e o b t a i n e d br ick-red , r h o m b i c p l a t e s of chromic c h l o r o -
pentamminopentasu lp l l ide 9 [Cr(NHs) 5 Cl]S 5 . I t is spa r ing ly soluble in cold water , 
a n d freely soluble in h o t w a t e r . I t is d e c o m p o s e d b y hydroch lo r i c acid . 
S. M. J o r g e n s e n t r e a t e d c h r o m i c t r i h y d r o x y a q u o h e x a m m i n o t r i c h l o r i d e wi th 
a m m o n i u m po lysu lph ide , a n d o b t a i n e d c innaba r - r ed , o c t a h e d r a l c rys ta l s of chromic 
tiihydroxyaquohexanirainoheiiaienneasulphide, [Cr2(OII)3(H2O)(NH3)^]2S1 x.2H2O. 

T h e f o r m a t i o n of c o m p l e x su lph ides was s t u d i e d b y M. Groger , H . Moissan, a n d 
K . Schne ider . These sa l t s c a n b e r ega rded a s su lphochromites , M7CrS2 , or sa l ts of 
hydros t l lphochromous ac id , H C r S 2 , or H 2 C r 2 S 4 . Th i s ac id was r epo r t ed b y 
R . Schne ide r t o b e fo rmed a s a n u n s t a b l e p r o d u c t w h e n s o d i u m su lphochromi t e is 
t r e a t e d w i t h di l . hydroch lo r i c ac id in t h e absence of air . I t forms Cr 2 S 4 w h e n 
exposed t o a i r ; a n d , w h e n h e a t e d in t h e absence of air , i t furnishes chromic ox ide 
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a n d h y d r o g e n sulphide . If p o t a s s i u m s u l p h o t e t r a c h r o m i t e , K 2 C r 4 S 7 , b e similarly-
t r e a t e d wi th dil . hydroch lor ic acid, g r e y c rys ta l s of hydrosu lphote teacbromous 
acid, H 2 C r 4 S 7 , a re formed. T h e c rys t a l s r e t a i n t h e form of t h e or ig ina l c rys t a l s . 
T h e acid decomposes i n t o h y d r o g e n a n d ch romic su lphides w h e n h e a t e d in a c u r r e n t 
of ca rbon d ioxide ; i t is u n s t a b l e in air , fo rming wa t e r a n d t h e su lph ide Cr 4 S 7 . 

M. Groger p r e p a r e d s o d i u m su lphochromite , N aCr S 2 , b y h e a t i n g t o redness a 
m i x t u r e of c h r o m i u m h y d r o x i d e , s o d i u m c a r b o n a t e a n d s u l p h u r ( 1 : 9 : 1 1 ) in a 
porcela in crucible u n t i l t h e excess of su lphu r is expel led . T h e cold m a s s is 
e x t r a c t e d w i t h w a t e r , a n d t h e res idue w a s h e d wi th di l . soda- lye , t h e n w i t h alcohol , 
a n d finally w i t h a b s o l u t e a lcohol . R . Schneider h e a t e d a m i x t u r e of p o t a s s i u m a n d 
s o d i u m c a r b o n a t e s , p o t a s s i u m c h r o m a t e , a n d su lphu r ; a n d E . J . F a k t o r , a m i x t u r e 
of s o d i u m c h r o m a t e a n d t h i o s u l p h a t e . E . K u n h e i m o b t a i n e d i t b y h e a t i n g a 
m i x t u r e of s o d i u m a n d ch romic su lpha t e s a n d c a r b o n in t h e electr ic a rc . T h e d a r k 
r ed p o w d e r w a s found b y R . Schneider t o consis t of d a r k br ick-red , h e x a g o n a l 
p l a t e s of sp . gr. 2*55 a t 15°. If h e a t e d in t h e absence of a i r i t suffers n o c h a n g e . 
I t is s t ab l e in a i r a t o r d i n a r y t e m p . , b u t w h e n h e a t e d in air , i t g ives off s u l p h u r 
d iox ide fo rming ch romic oxide a n d sod ium s u l p h a t e . I t is insoluble in wa te r , 
b u t is decomposed b y a e r a t e d wate r . R . Schne ider o b t a i n e d h y d r o s u l p h o c h r o m o u s 
ac id b y t h e ac t i on of di l . hydrochlor ic ac id in t h e absence of air , a n d w h e n exposed 
t o air , C r 2 S 4 is formed. M. Groger found t h a t s o d i u m s u l p h o c h r o m i t e is n o t 
a t t a c k e d b y cone, hydroch lor ic acid ; cold cone, su lphur ic ac id is w i t h o u t ac t ion , 
b u t t h e h o t ac id deconrposes t h e sa l t ; n i t r i c acid, a n d a q u a regia decompose t h e 
sa l t fo rming ch romic a n d sod ium su lpha te s . T h e sa l t is n o t a t t a c k e d b y soln. of 
s o d i u m h y d r o x i d e or su lph ide . 

J . J . feerzelius t r e a t e d a soln. of p o t a s s i u m c h r o m a t e w i th h y d r o g e n su lph ide , 
a n d o b t a i n e d a d a r k b r o w n l iquid a n d c h r o m i c ox ide . T h e l iqu id was t h o u g h t 
t o c o n t a i n a su lph ide of c h r o m i u m a n d p o t a s s i u m ; i t depos i t s ch romic su lph ide 
w h e n exposed t o air , or w h e n t r e a t e d w i t h ac ids ; b u t t h e p r e c i p i t a t e is d e c o m ­
posed b y t h e l iquid , forming , in a i r , p o t a s s i u m c h r o m a t e , a n d su lphu r . J . Mi lbaue r 
o b t a i n e d grey i sh-green c rys t a l s of po tass ium sulphochromite , K C r S 2 , or K 2 C r 2 S 4 , 
b y t r e a t i n g c h r o m i c ox ide w i t h m o l t e n p o t a s s i u m t h i o c y a n a t e . I t is s t a b l e in 
air , b u t w h e n r o a s t e d i t fo rms s u l p h u r d iox ide a n d ch romic ox ide ; i t is inso luble 
in w a t e r a n d h o t hyd roch lo r i c acid , b u t freely soluble in a q u a regia . Accord ing 
t o R . Schne ider , p o t a s s i u m sulphotetrachromite , K2Cr4S-?, is o b t a i n e d b y fusing 
p o t a s s i u m c h r o m a t e (1 p a r t ) w i t h p o t a s s i u m c a r b o n a t e (24 pa r t s ) a n d s u l p h u r 
(24 p a r t s ) for 20 m i n u t e s a t a b r i g h t r ed -hea t , a l lowing t h e m a s s t o cool s lowly, 
a n d w a s h i n g i t t h o r o u g h l y b u t r a p i d l y w i t h cold wa te r . I t fo rms r e d d i s h t o 
b lu i sh-grey h e x a g o n a l p l a t e s w i t h meta l l i c lus t re , a n d h a s a sp . gr. = 2-77 a t 15°. 
W h e n four t i m e s as m u c h c h r o m a t e is used in p r o p o r t i o n t o t h e c a r b o n a t e a n d 
su lphur , or a w e i g h t of c h r o m i u m h y d r o x i d e equa l t o th i s , a g r e y p o w d e r is left 
i n s t e a d of c rys t a l s ; p ro longed w a s h i n g of t h i s powder w i t h h o t w a t e r l eaves p u r e 
ch romic su lph ide , Cr 2 S 8 , a s J . J . Berzel ius s t a t e d long ago . P o t a s s i u m su lpho ­
t e t r a c h r o m i t e is s t a b l e in a i r ; i t loses p o t a s s i u m su lph ide s lowly w h e n i t is w a s h e d 
w i t h w a t e r ; a t a r e d - h e a t in a c u r r e n t of hyd rogen , i t loses one - seven th of i t s 
su lphur , l eav ing s tee l -b lue c rys t a l s of po tas s ium su lphodichromite , K C r 2 S 3 , or 
K 2 C r 4 S 6 , wh ich r e t a i n t h e fo rm of t h e s u l p h o t e t r a c h r o m i t e . W h e n t h i s c o m p o u n d 
is h e a t e d in air , i t loses s u l p h u r d i o x i d e a n d leaves b e h i n d ch romic ox ide a n d 
p o t a s s i u m su lph ide . Aq . soln. of p o t a s s i u m h y d r o x i d e or a m m o n i a h a v e l i t t l e 
a c t i o n ; n i t r i c acid, a n d a q u a reg ia d e c o m p o s e i t w i t h t h e l i be ra t ion of s u l p h u r ; 
hyd roch lo r i c acid, in t h e absence of a i r , fo rms t h e ac id H 2 C r 4 S 7 . 

M. Groger p r e c i p i t a t e d copper su lphochromi te , Cu(CrS 2J 2 , f rom a soln. of t h e 
s o d i u m sa l t b y t h e a d d i t i o n of coppe r s u l p h a t e ; R . Schne ider u sed modi f ica t ions of 
t h e process . Coppe r s u l p h o c h r o m i t e is n o t a t t a c k e d b y w a t e r , or hydroch lo r i c 
ac id ; b u t is eas i ly d e c o m p o s e d b y w a n n i n g w i t h n i t r i c ac id o r a q u a regia . 
M. Groger p r e p a r e d s i lver su lphochromi te , A g C r S 2 , or Ag 2 Cr 2 S 4 , a s a b l a c k powde r , 
b y a d d i n g s i lver n i t r a t e t o a soln. of t h e s o d i u m sa l t . R . Schne ide r used a modiflca-
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t i o n of t h e process . M. Grdger could n o t p r e p a r e ca lc ium, s t r o n t i u m , or b a r i u m 
s u l p h o c h r o m i t e , b y a n a n a l o g o u s process . H e o b t a i n e d z inc s u l p h o c h r o m i t e , 
Zn(CrS2)2> » y h e a t i n g a m i x t u r e of zinc c h r o m a t e a n d s u l p h u r in h y d r o g e n ; a n d 
a lso b y t r e a t i n g a soln . of c h r o m i c s u l p h a t e a n d zinc s u l p h a t e w i t h a m m o n i a , a n d 
h e a t i n g t h e d r i ed p r o d u c t i n h y d r o g e n , a n d t h e n a d m i x e d w i t h s u l p h u r . T h e 
v i o l e t - b r o w n m a s s is inso lub le in w a t e r a n d hydroch lo r i c acid, b u t is d e c o m p o s e d 
b y n i t r i c ac id . T h e c o r r e s p o n d i n g c a d m i u m su lphochromite , Cd(CrS2)2> w a s 
s imi l a r ly p r e p a r e d . M. Groger p r e p a r e d s t a n n o u s su lphochromite , Sn(CrS2)2> "by 
t h e a c t i o n of s t a n n o u s ch lor ide o n a soln . of t h e s o d i u m sal t . I t is n o t a t t a c k e d 
b y w a t e r o r h y d r o c h l o r i c ac id , b u t is ox id ized b y n i t r i c ac id . M. Groger, a n d 
R . Schne ide r o b t a i n e d l ead s u l p h o c h r o m i t e , Pb(CrS 2 ) 2> b y a d d i n g lead n i t r a t e t o a 
soln. of s o d i u m s u l p h o c h r o m i t e . M. Groger h e a t e d h y d r a t e d ch romic ox ide w i t h 
s u l p h u r in a c u r r e n t of h y d r o g e n a n d o b t a i n e d a g rey i sh -b lack powder of c h r o m o u s 
su lphochromi te , Cr(CrS 2 ) 2 , o r Cr 3 S 4 . I t is inso luble in wa te r , boi l ing h y d r o ­
chlor ic ac id , a n d di l . s u l p h u r i c ac id , b u t i t is so luble in n i t r i c ac id w i t h t h e separa­
t i o n of s u l p h u r , a n d t h e f o r m a t i o n of c h r o m i c s u l p h a t e a n d n i t r a t e . I t glows 
w h e n h e a t e d i n air , f o rming s u l p h u r d iox ide a n d c h r o m i c ox ide . E . W e d e k i n d a n d 
C. H o r s t s a id t h a t i t s s p . gr . is 3-54 a t 14° ; E . W e d e k i n d a n d T. Ve i t sa id t h a t i t 
is feebly m a g n e t i c ; a n d E . W e d e k i n d a n d C. H o r s t g a v e for t h e m a g n e t i c suscep t i ­
b i l i t y 33-26 X 1 0 ~ 6 m a s s u n i t s . M. Groger o b t a i n e d c h o c o l a t e - b r o w n m a n g a n e s e 
su lphochromi te , Mn(CrS 2 ) 2 , b y h e a t i n g a m i x t u r e of s u l p h u r a n d m a n g a n e s e a n d 
c h r o m i c ox ides in a n a t m . of h y d r o g e n . S imi la r ly w i t h b l a c k ferrous s u l p h o ­
chromi te , Fe (CrS 2 ) 2 , w h i c h w a s also o b t a i n e d b y t r e a t i n g a soln. of s o d i u m su lpho­
c h r o m i t e w i t h a soln . of a fe r rous sa l t . T h e m e t e o r i t i c m i n e r a l ca l led daubr£elite, 
f o u n d b y J . Li. S m i t h in m e t e o r i t i c i rons , is a fe r rous s u l p h o c h r o m i t e , EeS-Cr 2 S 3 , or 
Ee(CrSo) 2 . O b s e r v a t i o n s were a lso m a d e b y F . Z a m b o n i n i , a n d A. B r ez ina a n d 
E . Cohen . S. Meun ie r s y n t h e s i z e d i t b y t h e a c t i o n of h y d r o g e n su lph ide on a red-
h o t m i x t u r e of fe r rous a n d c h r o m i c chlor ides , or o n a m i x t u r e of i r o n a n d c h r o m i u m . 
B y t r e a t i n g a soln . of s o d i u m s u l p h o c h r o m i t e w i t h a c o b a l t sa l t , M. Groger p r e ­
p a r e d cobal t su lphochromi te , Co(CrS 2) 2 , a n d s imi la r ly , b y us ing a n icke l sa l t soln. , 
nickel sulphochromite, Ni(CrS2)2. 

O t h e r c h r o m i u m sulph.id.es h a v e b e e n r e p o r t e d . M . G r o g e r ' s ch romium tr i ta tetra-
sulphide, Cr3S4,, a s i n d i c a t e d a b o v e , is c o n s i d e r e d t o b e ch romium sulphochromite . 
E . W e d e k i n d a n d C. H o r s t g a v e 33-26 X IO—6 for t h e m a g n e t i c s u s c e p t i b i l i t y of C r 3 S 4 a t 
15*5°. As i n d i c a t e d above* R . S c h n e i d e r o b t a i n e d ch romium tetr i taheptasulphide, Cr 4 S 7 , 
a s a d e c o m p o s i t i o n p r o d u c t of HC2Cr4S7 ; a n d c h r o m i u m d i s u l p h i d e , C r S 2 . o r C r 2 S 4 , a s 
a d e c o m p o s i t i o n p r o d u c t of H 2 C r 2 S 4 . T . L . P h i p s o n r e p o r t e d chromium hemlheptasul-
phide, C r 2 S 7 , t o b e f o r m e d b y p a s s i n g h y d r o g e n s u l p h i d e i n t o a so ln . of p o t a s s i u m d i c h r o m a t e 
s a t . w i t h a m m o n i a , a n d a d d i n g h y d r o c h l o r i c a c i d t o t h e f i l t r a t e . G. B e n d e r w a s u n a b l e 
t o conf i rm t h i s r e su l t , a n d s a i d t h a t t h e a l l eged s u l p h i d e is a m i x t u r e of s u l p h o c h r o m i t e 
and. h y d r a t e d c h r o m i c o x i d e . 

O . N o r d e n s k j o l d r e p o r t e d a c o m p l e x s a l t , mercur ic chromium tr i thiocyanatohexa-
SUlphodiammine, C r ( S C y ) 3 . 2 N H 3 - G H g S , t o b e f o r m e d b y t h e a c t i o n of m e r c u r i c s u l p h i d e 
o n m e r c u r i c t e t r a t h i o c y a n a t o d i a r n m i n o e h r o i n i a t e . 
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§ 29. Chromium Sulphates 
ItJ. M. Peligot x found that when the brown product obtained by reducing 

chromic chloride with potassium is treated with dil. sulphuric acid, some hydrogen 
is evolved, and a soln. of chromous sulphate, CrSO4, is formed. H. Moissan treated 
chromium amalgam with dil. sulphuric acid ; and A. Burger dissolved chromium 
from the aluminothermite process in sulphuric acid of sp. gr. 1-16 with the ex­
clusion of air, at 90° to 100°, and obtained a blue soln. of chromous sulphate 
contaminated with some chromic sulphate. According to A. AsmanofT, an aq. 
soln. of chromic sulphate is reduced electrolytically at a lead cathode in an atm. of 
hydrogen. When reduction is complete, the chromous sulphate is precipitated 
by alcohol, washed with alcohol and ether, and dried in a current of hydrogen. 
The product is stable in dry air. H. Moissan obtained a white, crystalline powder 
of the monohydrate by treating moist chromous acetate with cone, sulphuric acid 
in the absence of air. This hydrate is more stable in air than is the heptahydrate ; 
it is converted by a little water into the heptahydrate ; and at a red-heat it forms 
chromic oxide, and sulphur dioxide and trioxide. J3. Cabrera and S. P. de Rubies 
studied the magnetic qualities of the salt ; and F. Allison and JlI. J. Murphy, the 
magneto-optic properties. 

J. M. van Bemmelen observed that a sample kept for a year in a sealed tube 
exploded. H. Moissan obtained the heptahydrate by dissolving chromous acetate 
in dil. sulphuric acid in an atm. of carbon dioxide, and cooling the blue soln. The 
blue crystals are isomorphous with heptahydrated ferrous sulphate. They are 
soluble in water ; and slightly soluble in alcohol. Cone, sulphuric acid converts 
the salt into the monohydrate. The aq. soln. is not wholly converted into chromic 
sulphate by boiling. The crystals and the blue soln. readily absorb oxygen from 
air, and with nitric oxide are coloured brown. According to A. AsmanofT, in 
presence of platinum as catalyst, the soln. oxidizes with evolution of hydrogen, 
the reaction being unimolecular. Sulphuric acid accelerates the reaction, but to 
a less extent than does hydrochloric acid. In absence of platinum, there is no 
measurable evolution of hydrogen with sulphuric acid present even in cone, up to 
1OiV', although the reaction takes place to some extent in presence of hydrochloric 
acid. In the latter case, the oxidation is accelerated by ammonium chloride. 
Very rapid oxidation takes place in ammonia soln., especially in presence of 
ammonium salts, which prevent the precipitation of chromous hydroxide. The 
reaction is then no longer unimolecular, but is autocatalyzed by the chromic ion. 
M. Berthelot found that the blue soln. mixed with ammonia and ammonium chloride 
readily absorbs acetylene and is thereby decolorized ; after a short time the soln. 
becomes rose-red, and deposits a precipitate giving oft' ethylene. The acidic soln. 
absorbs no more acetylene than is the case with water. 

According to C. Laurent, blue crystals of ammonium chromous sulphate, 
(HH4)2S04.CrS04.6H20, are formed by evaporating a soln. of the component salts 
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in a n a t m . of c a r b o n d iox ide . T h e b lue c ry s t a l s r e semble t h e d o u b l e s u l p h a t e s 
of t h e m a g n e s i u m series . T h e s a l t is freely soluble in w a t e r ; 1OO c.c. of a s a t . a q . 
soln. c o n t a i n 55 g r m s . of t h e s a l t a t 20° . T h e s a l t is inso lub le i n a lcohol . I t 
r e ad i ly oxidizes in a i r . W . T r a u b e a n d W . P a s s a r g e o b t a i n e d hydraz ine c h r o m o u s 
su lphate , ( N 2 H 4 J 2 H 2 S O 4 - C r S O 4 , b y t h e a c t i o n of h y d r a z i n e s u l p h a t e on a soln. of 
su lphu r i c ac id a n d of c h r o m o u s a c e t a t e i n air-free w a t e r , cove red w i t h a l a y e r of 
l igh t p e t r o l e u m a s a p r o t e c t i o n f rom ai r . T h e p r e c i p i t a t e is w a s h e d success ively 
w i t h w a t e r , a lcohol a n d e t h e r . C. L a u r e n t p r e p a r e d s o d i u m c h r o m o u s su lphate , 
N a 2 S O 4 . C r S O 4 . 4 H 2 O , b y t h e a c t i o n of s o d i u m a c e t a t e on a su lphur i c ac id soln . of 
s o d i u m s u l p h a t e . E . M. P e l i g o t o b t a i n e d r h o m b i c p r i s m s of po tas s ium c h r o m o u s 
su lphate , K 2 S O 4 . C r S 0 4 . 6 H 2 0 , b y a d d i n g a lcohol t o a m i x t u r e of c h r o m o u s ch lor ide 
a n d a cold, s a t . soln. of p o t a s s i u m s u l p h a t e . T h e c rys t a l s a r e i s o m o r p h o u s w i t h 
t h o s e of p o t a s s i u m fer rous s u l p h a t e . C. L a u r e n t a lso p r e p a r e d rubid ium c h r o m o u s 
sulphate, Rb 2 S0 4 .CrS0 4 . 6H 2 0 ; caesium chromous sulphate, Cs 2S0 4 .CrS0 4 .6H 20 ; 
magnesium chromous sulphate, MgSO4XVSO4.14H2O ; zinc chromous sulphate, 
Z n S O 4 . C r S O 4 . 1 4 H 2 O ; a s well a s complexes of m a n g a n e s e a n d fer rous s u l p h a t e s 
(q.v.). 

T h e a n h y d r o u s c h r o m i c su lphate , Cr2(SO4J3 , r e p o r t e d b y A . S c h r o t t e r 2 t o be 
f o r m e d b y h e a t i n g a bas ic s u l p h a t e w i t h cone , s u l p h u r i c ac id u n t i l t h e ac id begins 
t o fume w a s supposed , b y M. T r a u b e , L . a n d P . W o h l e r a n d W . P l i i d d e m a n n , a n d 
M. S iewer t , t o b e t h e ac id sa l t . T . K l o b b , h o w e v e r , o b t a i n e d t h e r e d s u l p h a t e of 
t h e compos i t i on , C r 2 ( S 0 4 ) 3 , b y h e a t i n g a m m o n i u m c h r o m i c s u l p h a t e w i t h boi l ing, 
cone , su lphu r i c ac id . A . S c h r o t t e r , a n d Mr. S i ewer t o b t a i n e d i t b y h e a t i n g t h e 
h y d r a t e d sa l t ove r 280° in a c u r r e n t of c a r b o n d iox ide . M. S i ewer t ' s , a n d T. K l o b b ' s 
ana ly se s a g r e e d w i t h t h e fo rmu la C r 2 ( S 0 4 ) 3 ; a n d A. H e c o u r a g a v e t h e fo rmula 
C r 2 ( S 0 4 ) 6 C r 2 in a g r e e m e n t w i t h t h a t for C r 2 ( S O 4 ) 6 F e 2 . T h e p o w d e r is rose-coloured 
in d a y l i g h t , a n d g reen b y gas- l igh t . P . A. F a v r e a n d C A . Va l son g a v e 2*743 for 
t h e s p . g r . a t 17-2° ; A. Sen<£chal, 2-221 a t 30° ; E . Moles a n d M. Crespi , 3-712 a t 
25°/4:0 ; whi le L . F . Ni lson a n d O. P e t t e r s s o n g a v e 3-012 for t h e sp . gr . ; 130-27 
for t h e m o l . vol . ; 0-1718 for t h e s p . h t . ; a n d 67-41 for t h e m o l . h t . K . F r i e d r i c h 
f o u n d t h a t t h e t h e r m a l d e c o m p o s i t i o n c u r v e is s o m e w h a t c o m p l e x ; t h e gases , 
s u l p h u r d iox ide a n d t r i o x i d e a n d o x y g e n , h a v e o n e a t m . press , a t 750°. K . R o b l 
o b s e r v e d b u t a fa in t l uminescence in u l t r a - v i o l e t l igh t . E . K u n h e i m s t u d i e d t h e 
decompos i t i on of m i x t u r e s of c h r o m i c s u l p h a t e a n d c a r b o n in t h e e lec t r ic a r c . 

Acco rd ing t o A. S c h r o t t e r , c ry s t a l s of t h e v io le t hydrate , w h i c h is p rov i s iona l ly 
t a k e n t o b e t h e octodecahydrate, C r 2 (SO 4 J 3 - ISH 2 O, a r e o b t a i n e d b y a l lowing t o s t a n d 
for a few weeks a soln. of h y d r a t e d c h r o m i c ox ide in t h e c a l c u l a t e d q u a n t i t y of cone , 
s u l p h u r i c ac id . T h e soln. in w a t e r is d a r k b l u e b y ref lected l ight , a n d r u b y - r e d b y 
t r a n s m i t t e d l igh t ; a lcohol p r e c i p i t a t e s f rom t h e soln. a pa l e v io le t , c rys ta l l ine 
p o w d e r a n d t h e soln. b e c o m e s co lour less—only w h e n t h e r e is a n excess or a deficiency 
of ac id does t h e soln. r e m a i n g reen . T o o b t a i n good c rys t a l s , h e r e c o m m e n d e d 
d isso lv ing t h e c rys ta l l ine p o w d e r i n a m o d e r a t e q u a n t i t y of w a t e r , a d d i n g dil . 
a lcohol t o t h e s t age a t w h i c h p r e c i p i t a t i o n begins , a n d l eav ing t h e soln. t o e v a p o r a t e 
s p o n t a n e o u s l y i n a vessel c o v e r e d b y a b l a d d e r . H . Lowel d issolved 5O g r m s . of 
d r i e d h y d r a t e d c h r o m i c ox ide in 125 g r m s . of cone , n i t r i c ac id ; a d d e d 125 c.c. of wa te r , 
a n d boi led for 15 m i n . W h e n t h e l i qu id was cold, h e a d d e d a cold soln. of 75 g r m s . of 
cone , s u l p h u r i c ac id in 150 g r m s . of w a t e r , followed b y 1200 g r m s . of a lcohol . T h e 
p r e c i p i t a t e d c rys ta l l ine p o w d e r w a s w a s h e d w i t h a lcohol , a n d d r i ed b e t w e e n b ibu lous 
p a p e r . H . B a u b i g n y u s e d a s imi la r p rocess . M. T r a u b e a l lowed alcohol t o d r o p 
i n t o a soln. of c h r o m i u m t r i ox ide , cone , su lphur i c acid , a n d w a t e r ( 1 : 1 - 5 : 3 ) ; a t 
t h e end of t h e r educ t i on , t h e c h r o m i c s u l p h a t e is p r e c i p i t a t e d b y a lcohol . If t h e 
t e m p , r ises d u r i n g t h e r e d u c t i o n , t h e g reen s u l p h a t e is fo rmed . T h i s c a n be con­
v e r t e d t o t h e v io le t fo rm b y boi l ing t h e l iqu id w i t h n i t r i c ac id . T . W . R i c h a r d s 
a n d F . B o n n e t , a n d M. A. G r a h a m used t h i s p rocess . M. T r a u b e also ob t a ined 
t h e v io le t s u l p h a t e b y pas s ing a m i x t u r e of c h r o m i c acid, cone , su lphur i c acid, a n d 
w a t e r ( 1 : 1 - 5 : 2-25) i n t o a wide b a s i n in w h i c h a porce la in crucible con ta in ing 
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ether is placed. Crystals of the sulphate are formed in a few hours. T o complete 
the reduction, a few drops of alcohol m a y be added. G. O. Hig l ey prepared this 
salt b y adding 100 grms. of chrome-alum t o a cold soln. of 100 c.c. of cone, sulphuric 
acid, and 330 c.c. of water ; and pouring 260 c.c. of cone, sulphuric acid, w i th con­
s tant stirring, into the filtered soln. a t 15° t o 20°. Hydrochloric acid can be used as 
solvent for the alum. R. F . Wein land a n d R. Krebs obtained good crystals from 
a soln. of a mol of a lum in 6O t o 80 mols of H 2 S O 4 in 95 per cent . soln. b y cooling 
and evaporation in a v a c u u m desiccator ; t h e y also obtained the salt b y adding 
alcohol to a soln. of chromium chlorosulphate ; F . Krauss and co-workers used a 
similar process. A. Werner a n d A. Gubser obtained the salt b y adding sulphuric 
acid t o a v io let soln. of chromic chloride ; and P . M. Strong, b y treat ing t h e mother-
liquor from the preparation of the polychromosulphuric acid wi th the necessary 
quant i ty of green sulphate and sulphuric acid, concentrat ing the mixture on a water -
bath ; and allowing it to s tand in the cold for 3 or 4 days to crystall ize. E . W y d l e i 
also described the preparation of the salt. 

There are differences of opinion about the water of crystall ization. Analyses b y 
G. O. Higley , A. Werner and A. Gubser, A . lStard, and M. Siewert correspond wi th 
the hexadecahydrate, Cr2(SO4J3-IGH2O, for the air-dried s a l t ; and b y A. S&nechal, 
with the letradecahydrate, 14H 2 O. A. Schrotter said t h a t the pentadecahydrate , 
C r 2 ( S 0 4 ) 3 . 1 5 H 2 0 , is formed when the salt is dried at 35°. R. F . Wein land and 
R. Krebs obtained wi th all modes of preparation tried, needles a n d plates of the 
heptadecahydrate, C r 2 ( S 0 4 ) 3 . 1 7 H 2 0 . A. Senechal obtained wi th the preparations 
wi th precipitated alcohol, Cr2(SO4)3 .16-0 to 17-5H 2O, and after exposure t o dry air, 
Cr2(SO4^3 .14H2O ; he also gave for the vap . press., p m m . of differently hydrated 
salts , Cr 2 (S0 4 ) 3 .™H 2 0 : 

„ , 

25-6° 
29-3° 
34-0° 
38-5° 
40-4° 

17-25 
20-1 
24-4 
31-5 
3 9 1 
43-4 

16-55 

17-4 
24-2 
31-9 

15-77 
H O 
1 4 0 
19*1 
24*9 
27*7 

1 5 0 5 
1 1 1 
13-8 
18*4 
23-5 
26-2 

14*7 

12*8 
17*3 p a t 

F r o m these results, A. Senechal concluded t h a t hydrates wi th 17H 2 O, 16H 2 O, 
15H 2 O, and 14H 2 O are chemical individuals , and t h a t the te tradecahydrate s lowly 
loses water at room temp, and has, at 29-3°, a v a p . press, of 3 m m . M. Siewert 
said t h a t when the salt was dried for an hour in the sun, i t conta ined 12H 2 O ; 
G. D . v a n Cleeff, t h a t when the octodecahydrate is dried over sulphuric acid, i t 
loses 3-5 to 4-0H 2O, at 75° it changes colour, w i th the loss of more water, and a t 
100°, i t retains 4 H 2 O ; A. Schrotter, t h a t the salt dried at 100° has 5 t o 6 H 2 O ; 
A. Recoura, tha t a t 90°, i t forms the green hydrate w i th 8 H 2 O ; A . Kl ing a n d co­
workers said 5 H 2 O ; and A. IStard, A. Schrotter, and A. Colson added t h a t a t 
100°, the salt melts in its -water of crystal l ization and retains 6 H 2 O and solidifies 
into a green g u m m y mass . G. N . Wyrouboff found t h a t when dried at 110°, the 
salt retains 5 H 2 O , and i t loses no more water even w h e n heated to 150°. M. Siewert 
s ta ted t h a t a t 280°, in a current of carbon dioxide, m o s t of the water is driven off, 
and all is expelled below a red-heat. G. T. Gerlach m a d e some observat ions on 
this subject ; and for those of A. S«Sn£chal—vide infra. According t o W . R. W h i t n e y , 
and A. S6n<Schal, all products wi th less t h a n 12H 2 O are not to be considered as 
hydrates of the violet sulphate. G. N . Wyrouboff represented the v io le t sulphate 
b y t h e formula Cr 2 (OH 2 ) 4 (OH 2 ) 2 (S0 2 ) 3 (OH 2 ) 6 ; and W. R. W h i t n e y represented i t 
b y the formula [ C r 2 ( H 2 0 ) 1 2 ] ( S 0 4 ) 3 6 H 2 0 , or [ C r ( H 2 0 ) 6 ] 2 ( S 0 4 ) 3 . 6 H 2 0 , which is taken 
bes t t o represent the properties of the sal t in aq. soln. and in the solid s tate . 
E . Moles and M. Crespi found t h a t [Cr(H2O ) 6 ] 2 (S0 4 ) 3 . 5H 2 O lost 3 mols . of water 
a t 18° ; and [ C r ( H 2 0 ) 6 ] 2 ( S 0 4 ) 3 . 2 H 2 0 lost 10-7 mols . of water a t 140°. According 
t o F . Krauss and co-workers, the octodecahydrate furnishes t h e enneahydrate, 
C r 2 ( S 0 4 ) 3 . 9 H 2 0 , which is stable be tween 30° and 100°, b u t the trihydrate, 
Cr 2 (SO 4 ) .3H 2O, has only a small range of ex is tence . The three mols . of water are 
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c o m b i n e d a s i n t h e zeoli tes a n d a re therefore g iven u p s lowly. Comple t e de ­
h y d r a t i o n occur s a t a b o u t 325° . 

Acco rd ing t o A. S c h r o t t e r , a n d R . F . W e i n l a n d a n d R . K r e b s , t h e v io le t h y d r a t e 
fo rms o c t a h e d r a l c ry s t a l s be long ing t o t h e cubic s y s t e m . A . S c h r o t t e r gave 
1-696 for t h e sp . g r . a t 22° ; a n d P . A . F a v r e a n d C. A . Valson , 1-867 a t 15°. 
E . Moles a n d M. Crespi found t h e s p . g r . of [ C r ( H 2 0 ) 6 ] 2 ( S 0 4 ) 3 . 5 H 2 0 t o be 1-840 a t 
25°/4° , a n d t h e m o l . vo l . 375 t o 379 ; a n d of [ C r ( H 2 O ) 6 ] 2 ( S 0 4 ) 3 . 2 H 2 O , 1-976 for 
t h e s p . gr . a t 25°/4°, a n d 326 for t h e mo l . vol . A . S c h r o t t e r obse rved t h a t t h e 
v io le t s a l t is freely so luble in w a t e r ; t h e p e r c e n t a g e solubi l i ty is 54-65 p e r cen t . , 
b u t b y a n a l o g y w i t h v io le t h y d r a t e d c h r o m i c chlor ide , t h e solubi l i ty m u s t d e p e n d 
o n t h e equ i l i b r i um : v io le t sulphate^=^green s u l p h a t e . F . K r a u s s a n d co-workers 
o b s e r v e d t h a t t h e d e h y d r a t i o n c u r v e s h o w e d b r e a k s co r respond ing w i t h 18-, 9-, 
3 - , a n d O-hydra tes . E . N . G a p o n d i scussed some re l a t ionsh ips of t h e m . p . 
P . A . F a v r e a n d C. A. V a l s o n g a v e —3-255 CaIs. for t h e h e a t of soln. pe r mo l of 
C r 2 ( S 0 4 ) 3 . 1 5 H 2 0 ; a n d A . R e c o u r a , —6-2 CaIs. for a m o l of C r 2 ( S 0 4 ) 3 . 1 6 H 2 0 . 
T h e difference in t h e r e su l t s m a y b e d u e t o differences i n t h e p r o p o r t i o n s of t h e 
g r e e n a n d v io le t h y d r a t e s f o r m e d in different m e t h o d s of p r e p a r a t i o n , e t c . 
A . Sen^cha l ' s r e su l t s a r e i n a g r e e m e n t w i t h t h o s e of A . R e c o u r a , for h e found for 
t h e h e a t of soln. a t 14° of t h e t e t r a d e c a h y d r a t e , —10-10 CaIs. ; for t h e p e n t a -
d e c a h y d r a t e , 8-3 CaIs. ; for t h e h e x a d e c a h y d r a t e , —7-49 CaIs. ; a n d for t h e h e p t a -
d e c a h y d r a t e , 6-35 CaIs. T . Dre i sch s t u d i e d t h e u l t r a - r e d a b s o r p t i o n s p e c t r u m of 
soln. of c h r o m i c s u l p h a t e . E . F e y t i s sa id t h a t t h e r e is n o difference b e t w e e n t h e 
m a g n e t i c suscept ib i l i t i es of t h e different h y d r a t e s , for t h e coeff. of m a g n e t i z a t i o n 
a re i n al l cases r o u n d a b o u t 140O X 1 0 ~ 6 . Gr. J a g e r a n d S. Meyer g a v e 31 X 1 0 ~ 6 

m a s s u n i t s for t h e m a g n e t i c suscep t ib i l i t y of t h e soln. a t 18° ; a n d O. L i e b k n e c h t 
a n d A. P . Wil l s , 1 5 x l 0 ~ ~ 6 m a s s u n i t s a t t h e s a m e t e m p . V. N . Ipatieff a n d 
B . A . Mouromtseff f o u n d t h a t soln. of c h r o m i c ch lor ide a re r e d u c e d b y h y d r o g e n 
u n d e r a p ress , of 2OO a t m . A . Mai l fer t s t u d i e d t h e a c t i o n of ozone . K . H . B u t l e r 
a n d D . M c i n t o s h f o u n d t h a t t h e s u l p h a t e is inso lub le in l iqu id ch lor ine a n d h a s n o 
effect on t h e b . p . of t h e l iqu id . T h e v io le t c rys t a l s , s a id M. T r a u b e , c a n b e boi led 
w i t h a lcohol a t 80° w i t h o u t p a s s i n g i n t o t h e g reen s a l t ; o n t h e o t h e r h a n d , 
A. S c h r o t t e r sa id t h a t if a l a y e r of a lcohol b e p o u r e d ove r t h e v io le t soln. c o n t a i n e d 
in a n a r r o w glass vessel , so a s n o t t o m i x t h e l iqu ids , t h e a q . soln. a cqu i r e s a g reen 
co lour s t a r t i n g f rom a b o v e a n d w o r k i n g d o w n w a r d s . Th i s is a t t r i b u t e d t o t h e 
a lcohol a t t r a c t i n g or w i t h d r a w i n g w a t e r f rom t h e v io le t sa l t so a s t o fo rm t h e green 
sa l t . A c c o r d i n g t o A . lS tard , co ld m o n o h y d r a t e d n i t r i c ac id , su lphu r i c ac id , a n d 
p h o s p h o r u s t r i ch lo r ide a b s t r a c t w a t e r f rom t h e v io le t solid or soln. fo rming t h e 
g r e e n sa l t . T h e a c t u a l c ause of t h e co lour c h a n g e is n o t ce r t a in . K . S c h o r l e m m e r 
i n v e s t i g a t e d t h e o x i d a t i o n of c h r o m i c sa l t s t o c h r o m a t e s b y h y d r o g e n d iox ide . 
A . Violi f o u n d t h a t m o l t e n s u l p h u r c o n v e r t s t h e s u l p h a t e i n t o ch romic su lph ide 
a n d s u l p h u r d iox ide . A c c o r d i n g t o A . R e c o u r a , complexes in which ace t ic 
a n h y d r i d e rep laces s o m e of t h e w a t e r of h y d r a t e d sa l t s a r e cal led acetylated salts ; 
s u c h a n assoc ia t ion , C r 2 (S04 )3 .4H20 .4 (C 2 H30)20 , is fo rmed b y t h e slow ac t i on of 
finely p o w d e r e d h y d r a t e d c h r o m i c s u l p h a t e o n ace t ic a n h y d r i d e . 

Acco rd ing t o A. R e c o u r a , t h e green hydrate , wh ich h e r e g a r d e d a s t h e Jiena-
hydrate, C r 2 ( S O 4 ) ^ I l H 2 O , is o b t a i n e d b y r e d u c i n g c h r o m i c ac id in t h e p resence of 
s u l p h u r i c acid , s a y , b y p o u r i n g 40 c.c. of cone , s u l p h u r i c ac id , a n d 35 c.c. of 95 per 
cen t , a lcohol i n t o a m u s h of 5 0 g r m s . of c h r o m i u m t r i ox ide a n d 13 g r m s . of wa te r . 
T h e p r o d u c t is d r i ed in v a c u o . A. R e c o u r a o b t a i n e d w h a t h e r e g a r d e d a s t h e 
octohydrate, Cr 2 (SO 4 J 3 . 8H 2 O, b y h e a t i n g t h e v io le t s u l p h a t e t o 100°. A. fitard, 
a n d A. Colson sa id t h a t t h e p r o d u c t is a hexahydrate, a n d GT. N . Wyrouboif , a penta-
hydrate. Accord ing t o A. Senecha l , t h e a i r -dr ied v io le t h y d r a t e , C r 2 ( S 0 4 ) 3 . 1 4 H 2 0 , 
beg ins t o t u r n g reen in v a c u o a t 30° , a n d in a i r a t 55° w i t h t h e s i m u l t a n e o u s loss of 
w a t e r . If t h e p r o d u c t b e d i sso lved in wa t e r , a n d t h e v io le t s u l p h a t e crysta l l ized 
o u t b y cool ing t h e soln . w i t h ice -water , t h e r e r e m a i n s , o n e v a p o r a t i n g t h e soln. t o 
d r y n e s s , h e x a h y d r a t e d C r 2 ( S 0 4 ) 8 . 6 H 2 0 , or [Cr 2 (SO 4 J 3 (H 2 O) 6 ] . Th i s loses wa t e r a t 
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80°, forming the trihydrate, C r 2 ( S 0 4 ) s . 3 H 2 0 , or [Cr2(SO4J3(H2O)8], and at the same 
t i m e its solubility is reduced. The trihydrate loses water at 150°, forming a greyish-
green and then a greyish-red product which is insoluble in water, and loses all i t s 
water a t 400°. The mol . vols." of the sulphates with 3 t o 14 mols . of water are 
addit ive ; but no t so wi th those containing less water. E . Moles and M. Crespi 
gave 2-429 for the sp. gr. of C r 2 ( S 0 4 . H 2 0 ) 3 at 25°/4°, and 145 for the mol. vol . T h e y 
also found that i t lost 3-01 mols . of water at 350°. F . Krauss and co-workers 
showed that the dehydrat ion curve of the green hydrate is the dodecahydrate, 
C r 2 ( S 0 4 ) 3 . 1 2 H 2 0 , and w h e n heated, 2 mols . of water behave like zeolit ic water ; 
then the hexahydrate , C r 2 ( S 0 4 ) 3 . 6 H 2 0 , is formed ; and finally, at about 400°, the 
anhydrous green chromate is formed. All the water in the green, amorphous 
pentadecahydrate9 C r 2 ( S 0 4 ) 3 . 1 5 H 2 0 , is zeolitic, and is all lost a t 400° and 100 m m . 
Barium chloride precipitates all the SO 4 from a cold soln. of the violet sulphate, 
b u t not complete ly from a warm soln. ; the green soln. of the dodecahydrate g ives 
up m o s t of the SO 4 t o barium chloride, and all is g iven up a t 100°. The cold soln. 
of the green, amorphous pentadecahydrate gives no precipitate w i th barium 
chloride, but if the soln. be aged, or boiled for some t ime, sulphate is precipitated. 

According t o A. Recoura, the hygroscopic green sulphate is stable, but the 
green aq. soln. gradually becomes violet. A freshly prepared soln. is precipitated 
neither b y a barium salt nor b y sodium hydrophosphate so t h a t i t behaves neither 
like a sulphate nor like a chromium salt. Alkali hydroxides precipitate from the 
soln. a basic salt wi th only t w o sulphate-radicles, namely , C r 2 0 ( S 0 4 ) 2 ; and the 
heat of formation is Cr 2 0 3 a q . 4 -2H 2 S0 4 ==Cr 2 0 3 . 2S0 3 a q . ; and C r 2 0 ( S 0 4 ) 2 a q . + H 2 S O 4 
= —0-2 CaI. The heat of transformation from the dissolved violet to the green 
salt is —23-15 CaIs., showing tha t the stable form is the v io let salt. The isomerism 
between the green and violet sulphates is analogous to that between the green and 
violet chlorides or bromides. According to H . GL Deriham, the green sulphate has 
twice the mol. wt . of the violet salt, and its formula is taken to be [Cr 4 (S0 4 ) 4 ] (S0 4 ) 2 . 
I t is s trongly hydrolyzed in aq. soln. forming, in cone, soln., [Cr4(SO4J4](SO4)(OH)2 , 
and in dil. soln., [Cr4(SO4J4](OH)4. The transformation from the violet to the green 
sulphate is represented : 2Cr2(SO4X3=[Cr4(SO4J4](SO4J2. 

The basic or modified sulphate is a different case. I t s soln. is obtained from the 
v io le t salt when heated, but i t has no t been obtained in the crystalline s ta te—it 
furnishes a viscid syrup. The modified soln. is obtained b y heat ing the violet soln. 
for a long t ime at 100°, and then cooling i t rapidly. I n the modified sulphate one-
third of the sulphate can be precipitated b y barium chloride. I t is thought to be a 
complex base, [ C r 4 0 ( S 0 4 ) 4 ] ( 0 H ) 2 . A. Colson said t h a t b y heating a soln. of the v io let 
salt, Cr 2 (S0 4 ) 3 , i t is transformed into a pentasulphate , HSO 4 (CrSO 4 J 2 -0 - (CrS0 4 ) 2 .OH, 
in which four of the S0 4 -radic les are masked ; if the boil ing be continued a further 
hydrolysis occurs, a n d S0 4 Cr.O.O.Cr(S0 4 ) 2 .O.CrS0 4 is formed. 

A. Colson said t h a t there are three types of the green sulphate. These differ 
in their behaviour towards soln. of barium chloride, in their heats of formation, and 
in their sp. gr. The first t y p e has all three SO^-radicles completely vnasked, meaning 
t h a t a soln. of a salt g ives no precipitate w i th barium chloride. I t is formed b y the 
act ion of sulphur dioxide o n a 5 per cent . soln. of chromic acid cooled b y a freezing 
mixture ; and also b y evaporat ing a soln. of the green salt in sulphuric acid, 
extract ing the unchanged vio let salt b y alcohol a t 75°, and evaporat ing the l iquid 
in vacuo . The green, hygroscopic, transparent plates, C r 2 ( S 0 4 ) 3 . 6 H 2 0 , are soluble 
in alcohol a t 75° but insoluble a t 92° ; t h e heat of formation is 33 cals. ; and 
w h e n the soln. has s tood for about 3 days , i t passes into a soln. of t h e second t y p e 
in which t w o of the three SO^-radicles are masked, meaning t h a t barium chloride 
precipitates from the aq. soln. only one-third of the contained sulphate . B . Cabrera 
and S. P . de Rubies found tha t the electrical conduct iv i ty a n d unmasking of the 
S0 4 -radic les of a soln. of the salt increase i n a parallel w a y o n keeping ; no appreci­
able change in magnet ic susceptibi l i ty occurs. The evaporat ion of the aged soln. 
in vacuo g ives a salt, Cr(S0 4 )g .8H 2 0 , resembling t h a t with three masked SO 4 -
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radicles. I t loses water over phosphorus pentoxide in vacuo, and then consists of 
Cr2(SO4J3 .7JH2O. Its hea t of formation is 36-6 CaIs. A n isomeric form with t w o 
masked S0 4 -radic les is said t o be obtained b y heating the v io let sulphate t o 90° 
and keeping the residue in water for 3 or 4 days below 5°. The t w o forms are said 
to differ in their heats of reaction wi th barium chloride, and in the electrical con­
duct iv i ty of their soln. In the third type one only of the three SO^-radicles is masked, 
for, when the aq. soln. is treated wi th barium chloride, two-thirds of the contained 
sulphate is precipitated. This salt, Cr2(SO4J3-TJH2O, is prepared b y the long-
cont inued act ion of water on either of the t w o former types ; or b y precipitating 
hydra t ed chromic oxide from either soln. , dissolving the product in sulphuric acid, 
and evaporat ing the soln. in vacuo . The heat of formation is 43-5 CaIs. 

I t will be observed that the second and third types are formed b y the pro­
gressive hydrolysis of the first type , and that there is s imultaneously a change in 
the sp. gr., f.p., conduct iv i ty , and other properties of the soln. I t is therefore 
assumed tha t the first t ype is to be regarded as Cr 2 (S0 4 ) 3 .^H 2 O, or [Cr2(SO4J3).??H2O ; 
the second, as Cr2(SO4J3(H2O).r*H20, or [ C r 2 ( H 2 0 ) ( S 0 4 ) 2 ] S 0 4 . n H 2 0 ; and the third, 
as Cr2(SO4J3(H2O)2 .^H2O, or [Cr 2 (H 2 O) 2 SO 4 | ( S 0 4 ) 2 . ^ H 2 0 ; while the violet sulphate 
which has no masked SO^-radicles is considered to be Cr2(SO4J3(H2O)3.WH2O5 or 
[Cr 2(H 2O) 3](SO 4J 3 .wH 20. Each mol. of constitutional water is said to unmask one 
S0 4 -radic le . According to the co-ordination theory, these four sulphates can be 
represented : 

[Cr2(H2O)12](SO4J3 [Cr2(H2O)10(SO4J](SO4J2 [Cr2(H2O)8(SO4J2]SO4 [Cr2(H2OJ6(SO4J3] 
J S 0 4 - m a s k e d . 5S0 4 -musked . All S04-niawkcd. 

s '" v 
Violet su lpha te . Green sulpl ia te . 

I t is of course possible tha t intermediate products are formed. A. Colson 
supposed t h a t a cold soln. of chromic sulphate is an equil ibrium mixture of the 
violet sulphate and three green sulphates : Cr2(SO4J3 .6H2O, Cr2(SO4J2(OH)(HSO4), 
and Cr 2 (SO 4 ) (OH) 2 (HS0 4 ) 2 . Whatever be the nature of the complex salts exist ing 
in soln., a s tate of equilibrium is u l t imate ly attained and this is dependent on the 
concentrat ion and t e m p , of the l iquid. T. W. Hichards and F. Bonnet showed 
tha t the reactions which occur are reversible, for if 0252V-SoIn. of t h e green and 
violet salts are kept for a month at 30°, the amount of acid present, as indicated 
b y the effect of the soln. on the inversion of cane-sugar, is the same in both cases, 
and approximates O0432V. A t 50°, the acid so produced approximates to about 
0102V, and at KX)0, t o 0132V. This shows that the hydrolyt ic equilibrium varies 
wi th the t e m p . The kinetics of the reactions have not been closely invest igated, 
but some observations b y A. Colson showed tha t the reactions are very slow at 
ordinary t e m p . ; t h e y are faster wi th warmer soln., and at 100°, the transformation 
into the modified salt occupies a few minutes . A. Kl ing and co-workers measured 
the variat ion with t ime of the amount of sulphuric acid in the soln. precipitable by 
benzidine hydrochloride, the lowering of the f.p. and the electrical conduct iv i ty 
of 0-52V-green Cr 2 (S0 4 ) 4 . I t was found that during the first twenty-four hours 
after the preparation of the soln. no sulphate precipitate is obtainable, but after 
tha t t ime the amount increases a t first i^pidly, and then gradually with passage 
of t ime. The mo\. lowering of the f.p. and the electrical conduct iv i ty at first increase 
rapidly, even before the presence of the S0 4 "-ion can be detected, and then attain a 
value which remains a lmost constant during the rest of the experiment. The 
green soln. of chromium sulphate tend towards a s tate of equilibrium, which is a 
funct ion of the t emp, and c o n e , and is the state towards which the violet soln. of 
the same cone, gradually pass. The properties of the chromium sulphate liquors 
wi th respect to their masked sulphate groups were studied b y W. Schindler and 
K. Klanfer, E . St iasny and co-workers, R. Keinicke, H . B . Merrill and co-workers, 
and G. Grasser. 

B y cooling cone. soln. of the violet salt crystals of that salt can be readily 
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o b t a i n e d , b u t w i t h soln. of t h e g reen sa l t , o r of t h e so-cal led modif ied sa l t , on ly 
g u m m y or g lassy masses a r e o b t a i n e d . A . W . F . S p r u n g found t h e s p . gr . of a 24 p e r 
c e n t . soln. of t h e v io le t s a l t t o b e 1*1619, w h e n t h a t of t h e modif ied s a l t i s 1-1486 ; 
a n d P . A . F a v r e a n d C. A . V a l s o n g a v e 1*0600 for a iV-soln. of t h e v io le t sa l t a t 15° ; 
a n d 1-0556 w i t h t h e modif ied s a l t a t 14-9°. G. T. Ger lach f o u n d t h e s p . g r . of 
g reen soln. t o b e g r e a t e r t h a n t h o s e of v io le t soln. ; a n d h e g a v e for t h e s p . gr . a t 
15°/15° of v io le t soln . w i t h t h e following p e r c e n t a g e p r o p o r t i o n s of C r 2 ( S 0 4 ) 3 : 

Cr2(SO4J3 

&P- gr- { v i o l e t 
Green 

2-74 
10275 

5-48 
1'05GO 
10510 

10-96 
1 H 5 0 
11070 

16-44 
11785 
11680 

21-92 
1-2480 
1-234O 

27-40 
1-3250 
1-3055 

38*36 43*84 

1-4650 1-5530 

Accord ing t o A. Colson, a n e x p a n s i o n occurs w h e n a soln. of t h e v io le t sa l t pas ses 
i n t o a soln. of t h e modif ied sa l t , a n d converse ly t h e s p . gr . of a soln. of t h e g r een 
s a l t is i n t e r m e d i a t e b e t w e e n those of a soln. of t h e v io le t a n d of t h e modif ied sa l t . 
M. A . G r a h a m found for t h e sp . gr . of soln. con t a in ing t h e following p r o p o r t i o n s 
of Cr 2(SO^) 3 pe r l i t re : 

Cr a(S0 4) a 
40-14 . 
63-39 . 
83*77 . 

126-30 . 

0° 
. 10394 

10617 
— 
-—-

10° 
10391 
1-0602 
— 
— 

20° 
10369 
10585 
10763 
11160 

30° 
10342 
10585 
1*0763 
1*1160 

40° 
10292 
10612 
1-0680 
1-1062 

50° 
10242 
10462 
1-0628 
11002 

T h e soln. deve lop a green colour a t 40° a n d 50° so t h a t t h e so lu te is d o u b t l e s s a 
m i x t u r e of t h e green a n d v io le t sa l t s . A . W . F . S p r u n g found t h a t t h e v iscos i ty 
of t h e v io le t soln. is m u c h g r e a t e r t h a n is t h e case w i t h eq . soln. of t h e modified 
s a l t ; M. A. G r a h a m o b t a i n e d t h e following va lues for t h e viscosi t ies of soln . con­
t a i n i n g t h e i nd i ca t ed n u m b e r of g r a m s of Cr 2(SO 4J 3 pe r l i t re : 

Cr 2(SOJ 3 

19-64 . 
4O-14 . 
63-39 . 
83-77 . 
126-3O . 

10° 
. 001577 

. 001815 
0-02028 

. 0-02705 

20° 
001198 
0-012OO 
001355 
001539 
002072 

25° 
001062 
0-01065 
0-01202 
001396 
001827 

30° 
000955 
0*00953 
0-01076 
001206 
001621 

40° 
0-00776 
000774 
0-00874 
0-06975 
001301 

50° 
O-0064O 
000643 
0-00787 
0-00795 
001041 

T h e s a m e r e m a r k s a p p l y t o these re su l t s a s t o t h o s e g iven w i t h r e spec t t o t h e sp . gr . 
a t 40° a n d 50°. G. D . v a n Cleeff obse rved t h a t in t h e dia lys is of soln. of t h e s a l t 
t h e d ia lyzed p a r t con ta ins m o r e acid t h a n t h e p a r t which r e m a i n s ; t h i s w a s con­
f i rmed b y M. D . Douga l , a n d T . W . R i c h a r d s a n d F . B o n n e t found t h a t w h e n a 
v io le t soln. of c h r o m i u m s u l p h a t e is sub jec t ed t o dialysis , t h e r a t i o C r / S 0 4 of t h e 
sa l t t h a t h a s diffused a n d t h e sa l t t h a t h a s r e m a i n e d in t h e d ia lyze r is t h e 
s a m e in b o t h . W h e n , however , a g reen soln. of c h r o m i u m is s imi la r ly t r e a t e d , 
t h e r a t i o C r / S 0 4 d imin i shes in t h e diffused p o r t i o n a n d increases i n t h e d i a l y z e r — 
a n o b s e r v a t i o n in f avour of t h e v iew t h a t t h e c h a n g e f rom v io le t t o g reen invo lves 
a hydro lys i s w i t h f o r m a t i o n of free ac id a n d a soluble bas ic sa l t . 

T h e lower ings of t h e f .p. of v io le t soln. of t h e s u l p h a t e h a v e b e e n m e a s u r e d b y 
A. Colson, H . G. D e n h a m , a n d H . C. J o n e s a n d E . M a c k a y . T h e l a s t - n a m e d f o u n d 
t h a t for soln. w i t h 0-025, 0-050, 0-10, a n d 0-250 m o l p e r l i t re , t h e f .p. w a s —0-121°, 
- 0-230°, —0-417°, a n d —1*029°. T h e resu l t s i nd ica te t h a t for t h e m o s t di l . soln. , 
five ions p e r mo l . a re fo rmed . F o r 0-0832V-soln. of t h e modified s u l p h a t e , H . G. D e n ­
h a m g a v e —0-420° for t h e f .p. of t h e modif ied soln. , a n d A. Colson, for v e r y r a p i d l y 
cooled modif ied 0'1N- a n d 0-22V-soln., r e spec t ive ly —0*45° a n d —0*85°. H . G. D e n ­
h a m also m e a s u r e d t h e f .p. of su lphu r i c ac id soln. T h e resu l t s s h o w t h a t t h e f .p. 
of t h e modif ied soln. is less t h a n t h a t of t h e v io le t soln. , a n d if t h e h y d r o l y s i s of 
t h e s a l t is h i n d e r e d b y t h e p resence of su lphu r i c acid, t h e a p p a r e n t m o l . w t . of t h e 
modif ied s u l p h a t e is g r e a t e r t h a n t h a t of t h e v io le t sa l t . T . W . R i c h a r d s a n d 
J*. B o n n e t , a n d M. A . G r a h a m e x a m i n e d t h e f .p. of m i x e d soln. of c h r o m i u m s u l p h a t e 
a n d cane - suga r . H . G. D e n h a m obse rved t h a t t h e f.p. of soln. of j^-ZV-soln. of 
v io le t a n d modif ied s u l p h a t e s a t . w i t h h y d r a t e d c h r o m i c ox ide a r e r e spec t ive ly 
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—0-335° and —0*268°. The results are taken to show the existence of a complex 
Cr4-cation is formed, b u t migrat ion experiments do not agree wi th the v i ew t h a t the 
complex i ty is due t o t h e presence of such a complex. A. Colson found tha t soln. 
freshly prepared in the cold from the solid green sulphate show a small depression 
of t h e f .p. which rapidly rises unti l a va lue corresponding wi th that required for the 
v io le t soln. is at ta ined. K. Fl ick studied the thermal decomposi t ion of solid 
chromic sulphate . 

According t o A. Kecoura, the hea t of transformation of a mol of the dissolved 
green sulphate into the modified sulphate is 4-2 CaIs., and into the violet sulphate, 
23*15 CaIs., so t h a t the heat of transformation of a mol of the modified to the 
v io let sulphate in soln., is 18*95 CaIs. per mol. W h e n a mol of dissolved sodium 
hydroxide is added to a mol of chromic sulphate in 12 litres of a modified soln., 15'61 
CaIs. are developed, while the addit ion of more sodium hydroxide develops only a little 
more heat ; a mol of sodium hydroxide neutralizes only one-sixth of the sulphuric 
acid, and J H 2 S O 4 in 12 litres of soln. w i th a mol of N a O H in 2 litres develops 15*63 
CaIs., i t follows t h a t about one-s ixth the sulphuric acid was present in the soln. 
as free acid. A , Colson came to the same conclusion because he found that a mol 
of Cr 2 (S0 4 ) 3 in modified soln. wi th ^ B a ( O H ) 2 develops 18*7 CaIs., while J H 2 S O 4 
+ J B a ( O H ) 2 develops 18*5 CaIs. A mol of chromic sulphate in a green soln. wi th 
n o precipitable SO4 , wi th 6 mols of potass ium hydroxide develops 61*05 CaIs., so 
t h a t the heat of neutralization of the precipitated hydroxide wi th 3 H 2 S O 4 is 33*12 
CaIs. ; a similar soln. w i th one-third precipitable SO 4 develops wi th 6 K O H , 57-6 
CaIs., and the heat of neutral ization of the precipitated hydroxide wi th sulphuric 
acid is 36*6 CaIs. Likewise wi th a mol of chromic sulphate wi th two-thirds pre­
cipitable SO 4 and 6 K O H develops 43*5 CaIs. W i t h the v io let soln. where all the 
SO 4 is precipitable, each SO 4 develops 6*65 CaIs., for H 2 S O 4 H - B a C l 2 = B a S O 4 
+ 2 H C l + 9 5 CaIs. Otherwise expressed, wi th a mol of Cr 2 (S0 4 ) 3 in modified soln., 
the addit ion of J a mol of BaCl 2 develops 7-20 CaIs. per mol of BaCl^, and with another 
J mol of BaCl2 , 7*06 CaIs. per mol of BaCl 2 ; and wi th y e t another J mol of BaCl2 , 
O-15 CaL Accordingly, on ly one-third of the total sulphate reacts wi th barium 
chloride. Us ing a mol of Cr2(SO4J3 in an aged green soln., the addit ion of one mol 
of BaC] 2 develops 7*1 CaIs. ; 2 mols , 14-1 CaIs. ; and 3 mols , 14*7 CaIs. This shows 
t h a t two-thirds of the tota l SO 4 is precipitated. According to A. KIing and co­
workers, a fresh soln. of a mol of chromic sulphate, in ice-cold water, exhibits no 
thermal change. 

Li. R. Ingersoll found for Verdet's constant for the electro-magnetic rotatory 
power for l ight of wave- length 0-8, 1-0, and 1-25^, respectively 0-0067, 0-0045, 
and 0-0028 for soln. of chromic sulphate of sp. gr. 1-140. The absorption spectra 
of v io le t and green soln. of chromic sulphate were examined b y D . Brewster, 
H . F . Talbot, W. N . Hart ley , J. M. Hiebendaal , O. Knoblauch, W. Bohlendorfr, 
A. fitard, Gr. Massol and A. Faucon , Y . Shibata and H. M. Vernon. H . C. Jones , 
and W. W. Strong found t h a t w i th soln. of the violet sulphate at 5°, the three 
characteristic chromium bands appear—viz. , the ultra-violet band extending to 
A = 2 8 0 0 ; the bluish-violet band from A = 4 1 0 0 to 445O ; and the yellowish-green 
band from A—5500 to A = 6 2 0 0 . The bands at A=-680O are very faint. The absorp­
t ion in the visible spectrum is very strong. A t 82°, the ultra-violet band extends 
t o A = 2 9 0 0 , the bluish-violet band from A = 4 1 0 0 to 4550, and the yellowish-green 
band from A = 5 5 0 0 to 6300. The effect of a rise of temp, is therefore very small, 
usual ly involv ing a shifting of the long wave- length edges of all three bands towards 
the red. M. A. Graham found that the ultra-violet absorption spectra of green and 
v io le t soln. indicate t h a t the change in colour which occurs is not due to simple 
hydrolysis , b u t is t h e result of a process involv ing b o t h hydrolysis and a change 
in structure. T. Svensson found that the electrical conduct iv i ty of soln. of chromic 
sulphate s lowly decreases in l ight. 

The mol. electrical conduct iv i ty of the violet soln. has been determined by 
P . Walden , W. R. Whi tney , A. Gubser, M. A. Graham, A. Colson, and H. C. Jones 
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and E . Mackay. Li. G. Winston and H . C. Jones observed for v io le t soln. , the mol . 
conduct iv i ty , /x mhos, for soln. of a mol of the salt in v litres, and a, the percentage 
ionization, 

v . 4 8 3 2 1 2 8 5 1 2 1 0 2 4 4 0 9 6 

12*5° 

3 5 ° 

Gl -8 
8 3 - 5 

1 0 0 - 0 
123*9 

18 -4 
16-6 
14*4 

82 -7 
H O l 
1 3 8 - 6 
1 6 0 - 9 

2 4 - 7 
2 1 - 7 
18-7 

1 2 8 - 2 
1 6 8 - 8 
2 1 O O 
2 4 5 - 3 

3 8 - 2 
3 3 0 
2 8 - 5 

18OO 
240-O 
3 0 1 - 5 
3 6 0 - 5 

5 3 - 6 
4 7 - 4 
4 1 - 9 

2 2 9 - 1 
3 1 1 - 6 
40O-5 
5 0 2 0 

6 8 - 3 
6 2 - 8 
5 8 - 5 

2 5 6 
3 5 1 - 2 
4 8 9 
5 9 8 

7 6 - 2 
7 6 - 8 
6 9 - 5 

3 3 5 - 5 
4 7 4 
6 3 6 
8 5 9 
IOOO 
lOO-O 
lOO-O 

E . J. Schaefer and H . C Jones made observations at higher t emp. , but the results 
are affected by the change from the v io let to the green sulphate be tween 40° and 
50°. Jl . H . Hosford and I t . C Jones gave for a modified green soln. : 

v . 4 8 3 2 1 2 8 5 1 2 2 0 4 8 
( 1 2 8 - 2 1 8 3 - 5 3 0 2 - 0 4 3 3 - 9 6 7 3 - 3 9 6 1 - 1 

/x { 1 6 0 O 2 2 7 - 8 3 5 4 - 4 5 2 2 - 7 8 1 1 1 1 2 0 7 - 8 
I 1 8 9 - 0 2 6 2 - 9 4 1 7 - 4 COG-O 9 7 7 - 3 1 5 3 4 - 7 

M. A. Graham gave for violet and the modified green soln. : 
v . . 16 3 2 6 4 1 2 8 2 5 6 5 1 2 1 0 2 4 

v i o l e t 0 ° 8 5 - 3 7 lOO-O 117-7 1 3 9 - 2 1 6 6 - 6 1 9 4 - 2 2 3 2 * 2 
2 5 ° 1 5 1 - 5 1 7 7 1 2 1 1 - 8 255-O 3 1 0 - 2 3 7 9 - 5 4 7 6 - 9 

g r e e n 0 ° 1 6 8 - 1 187-7 2 1 1 - 2 233*2 2 5 5 - 2 2 7 0 - 8 2 8 2 - 1 
2 5 ° 2 4 5 - 7 2 8 5 - 2 3 3 6 - 5 3 9 0 - 4 4 5 0 - 7 5 1 5 0 5 6 8 - 5 

W. R. W h i t n e y observed that the modified green soln. has a higher conduct iv i ty 
than the violet, thus , ^0JV-Cr2(SO4J3 has a sp. conduct iv i ty 0-0(31489 in the v io le t 
state at 25° and 0*001927 in the modified green state. H e also found that the con­
duct iv i ty wi th the addition of increasing proportions of sodium or barium hydroxide 
decreases to a min imum and thereafter increases. W i t h a ^,I^-soln., a t 25°, t h e 
min imum is reached when the added sodium hydroxide is eq. t o ^th of the tota l 
su lphate present, or when the added barium hydroxide is eq. to one-third the tota l 
sulphuric acid. Hence , it is assumed that one-s ixth of the sulphate in the green 
soln. is present as free sulphuric acid, and one-third as S0 4 "- ions . This is in agree­
m e n t wi th A. Recoura's assumption that the formation of the green soln. is a t tended 
by the formation of the salt [ C r 4 0 ( S 0 4 ) 4 ] S 0 4 . A. W. Thomas and M. E . Baldwin 
studied the H*-ion cone, of soln. of chromic sulphate. During the passage of an 
electric current through a soln. of the violet sulphate, chromium passes t o the 
cathode ; but in a soln. of the modified salt, the hydrogen ions migrate t o the 
cathode much more quickly. T. W. Richards and F . Bonnet , and H. G. D e n h a m 
found that no chromium goes to the anode i n a modified green soln. so tha t no 
complex acid-ions are formed. The basic complex in the modified soln. seems to 
carry only one posit ive charge and has a transport number of 41 when that of SO 4 " 
is 70. F . C. Thompson and W. R. Atkin suggested that the active agent in tanning 
with chromic sulphate soln. is a negat ive ly charged chromium complex , but 
F . JL. S. Jones found that electrophoresis experiments on normal and basic soln. 
of chromic chloride and sulphate and of chrome-alum showed t h a t anodic migration 
of chromium occurs only in basic sulphate soln., and therefore no such negat ive 
complex can exist in soln. of the chloride or of chrome alum. The subject was 
studied b y H. B . Merrill and J. G. Niedercorn. P . Phil ipp found the magnet ic 
susceptibi l i ty ranged from 31-93 X 10~~6 mass units for soln. of sp. gr. 1-3453 to 
3 3 * 0 4 x 1 0 - 0 mass units for soln. of sp. gr. 1-03086. T. Ishiwara, and K. H o n d a 
and T. Ishiwara gave for the anhydrous salt 13-3 X 10~<* at 15-7°, and 9 - 7 X 1 0 - 6 

mass units a t 300° ; and for the enneahydrate , 4 - 5 x 1 0 " « mass units a t 16-9°, and 
7 - 4 x 1 0 - 6 at 434-8°. 

According t o F . P . Venable and F , W . Miller both t h e v io le t and the green, 
modified soln. are acid towards indicators owing t o the hydrolysis . A. Recoura 
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observed t h a t distilling the aq. soln. furnishes an acidic distil late, while the dried 
salt does no t lose acid a t 100°. M. Kriiger also found t h a t alcohol poured over the 
green soln. takes u p acid. F . P. Venable and F . W. Miller observed that eq. 
v io le t and green soln. required nearly the same amount of ^0JV-NH4OH to produce 
the first appearance of a permanent precipitate. Their conclusion was tha t the t w o 
soln. m u s t therefore contain nearly the same proportion of acid, but as W. H. Whi t ­
n e y pointed out , the conclusion is wrong because alkali and ammonium hydroxides 
or carbonate turn the v io let soln. green, and this change in colour precedes the 
formation of the permanent precipitate. C. R. C. Tichborne observed t h a t if a 
soln. of chromic sulphate be heated t o 177° under press, for 2 to 3 hrs., a precipitate 
of a basic sulphate is formed. G. Powarnin found tha t in dil. soln., chromium 
sulphate is more strongly hydrolyzed than aluminium sulphate ; and tha t the 
hydrolysis is decreased in the presence of S 0 4 " - i o n s or Cl'-ions, and also by alcohol 
and formaldehyde. Many others h a v e observed the hydrolysis of soln. of 
chromic sulphate . H . G. D e n h a m measured the e.m.f., E9 (H zero) of the cell 
^ 2 I Cr2(SO4 )3vioiet,NH4N03 J calomel electrode, and calculated the H'-ion c o n e , [H"], 
and the percentage hydrolysis , ac, as well as the ionization constant, K9 where 
A ^ 1 - [ C r ( S 0 4 ) ( O H ) ] [ H ] / [ C r ( S 0 4 V ] , obtained from the hydrolyt ic reactions : 
C r 2 ( S 0 4 ) 3 - ) - 2 H 2 0 ^ 2 C r ( S 0 4 ) O H + H 2 S 0 4 , or Cr(SO4)* + H 2 O ^ C r ( S O 4 ) ( O H ) + H - , 
for soln. of a mol of Cr 2 (S0 4 ) 3 in v litres, a t 25°, 

V . 

JB7 . 
[H-] X l O 2 . 
x 
.KT1XlO4 

6 
— 0 1 4 1 7 

0-396 
1-19 
0-24 

8 
— 0 1 4 4 4 

0-357 
1-42 
0*26 

1 6 
— O-1533 

0-252 
2 0 2 
0-26 

3 2 
— 0-1604 

0-191 
3-05 

0-30 

6 4 
— 0-1713 

0 1 2 5 
4 0 0 

0-26 

1 2 8 
— 0 1 6 5 3 

O I 58 
IO-IO 
O-88 

The great increase in the ionizat ion cons tant wi th high di lution is taken to mean 
that another stage in the progressive hydrolysis occurs, namely , Cr2(SO4) + 4 H 2 O 
^ 0 r 2 ( S O 4 ) ( O H ) 4 + 4 H * , for which he found tha t A 2 = [ H ^ [ C r 2 ( S O 4 ) ( O H ) 4 ] -
[Cr2(SO4)*"**], or A T 2 = 0 1 2 9 X 1 0 " ^ . H. M. Vernon es t imated the degree of 
ionization from the colour. M. A. Graham calculated from the conduct iv i ty of 
the violet soln. t h a t the percentage hydrolysis is : 

v 
SC 

3 2 
L-78 

6 4 
3 1 9 

1 2 8 
4-76 

2 5 6 
8-08 

5 1 2 
16-24 

1024 
33-98 

A t 0°, the v io let soln. is only sl ightly hydrolyzed. The hydrolysis calculated from 
the effect on the ve loc i ty of inversion of cane sugar shows t h a t the change from 
vio let to green is m u c h more rapid t h a n the reverse process. A. Kecoura found 
from the thermal data t h a t in the modified green ^iV-soln. , about one-sixth of the 
total sulphuric acid is free ; and W. R. W h i t n e y observed the effect of soln. of chro­
mic sulphate on the hydrolys is of m e t h y l acetate , and concluded that the green 
soln. possesses a hydrolyz ing power equal t o t h a t of a mixture of one-sixth the 
eq. of free acid, wi th the corresponding a m o u n t s of the violet salt. The effects 
on the rate of inversion of cane sugar were too complex to enable a calculation to 
be made of the degree of hydrolys is of the soln. H. G. D e n h a m calculated data 
for green modified soln. as in the case above cited for violet soln. and found 

V . 
E 
£H-j 
x . 
K1 

. 

. 
. 
. 

6 
— 0-0528 

O-1236 
37-1 

0 1 8 

8 
— 0-0589 

0 1 0 0 5 
40-2 

0-21 

16 
— 0-0740 

0 0 5 5 7 2 
44-6 

0-23 

3 2 
— 0 0 8 7 1 

0 0 3 3 4 2 
53-4 

6 4 
— 0-0968 

0-02286 
72-9 

1 2 8 
— 0-1095 

O-01393 
88-8 

The value of x is calculated on the assumption t h a t the reaction is [Cr 4 (S0 4 ) 4 ] (S0 4 ) 2 
+ 4 H 2 0 ^ 2 H 2 S 0 4 + [ C r 4 ( S O 4 ) J ( O H ) 4 ; and K1 is calculated for the formation 
o f [Cr4(SO4J4](SO4)(OH)2 . A s in the case of the. v io le t soln., M. A. Graham calcu­
lated for the hydrolysis of the green modified soln., by the conduct iv i ty method, 

V 
SH . 

. 16 
17-02 

3 2 
22-04 

6 4 
27-68 

1 2 8 
33-42 

2 5 6 
40-74 

5 1 2 
5 1 1 0 

1024 
60-49 
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Fia. 79. The Electrometric Ti­
tration Curves of Cliromic Sul­
phate Solutions. 

I n b o t h cases M. A. G r a h a m ' s r e su l t s a r e lower t h a n t h o s e of H . G. D e n h a m . T h e 
hydro lyse s ca lcu la ted from t h e effect o n t h e inve r s ion of c a n e s u g a r for soln. w i t h 
v=5 a n d 10, a re respec t ive ly 8-39 a n d 6-84 p e r cen t . , b u t t h e resu l t s a r e n o t so 

t r u s t w o r t h y . H . T. S. B r i t t o n ca l cu la t ed t h a t 
a v io le t 0-0050ifef-soln. of c h r o m i c s u l p h a t e w a s 
h y d r o l y z e d t o t h e e x t e n t of 2*16 p e r cen t . , a n d 
a g reen 0-0067il/-soln. , 28-7 p e r cen t . T h e 
e l ec t rome t r i c t i t r a t i o n c u r v e is s h o w n i n F i g . 79 . 
W . J . C h a t e r a n d J . S. M u d d found a c h a n g e in 
t h e 2?H v a l u e a t 2-3 a n d bas ic i ty 124. T. Svensson 
obse rved t h a t a cell of c h r o m i c s u l p h a t e soln. 
g ives a n increased e.m.f. w h e n i l l u m i n a t e d . T h e 
c h a n g e owing t o t h e presence of n e u t r a l sa l t is 
d e p e n d e n t on t h e bas ic i ty . T h e difference in 
a c i d i t y caused b y t h e n e u t r a l sa l t is a m i n i m u m 
a t bas i c i t y 124. N . D e m a s s i e u x a n d J. ' H e y -
r o v s k y o b t a i n e d ana logous po la r i za t ion c u r v e s 
w i t h ch romic s u l p h a t e s a s were o b t a i n e d wi th 
t h e chlor ides (q.v.). 

T h e p e n e t r a t i o n of ge la t in je l ly b y c h r o m i u m s u l p h a t e soln. is g r e a t e r t h e g r e a t e r 
t h e ac id i t y . F r o m his obse rva t i ons of t h e phys ica l p rope r t i e s of t h e soln., a n d on 
t h o s e of T. W . R i c h a r d s a n d F . B o n n e t , H . G. D e n h a m infer red t h a t w h e n t h e 
vio le t soln. is h e a t e d , t h e sa l t unde rgoes hydro lys i s in t h e o r d i n a r y w a y ; i t is 
a s s u m e d t h a t t w o mols . of t h e sa l t u n i t e t o fo rm a c o m p l e x : 2 C r 2 ( S 0 4 ) 3 
-—[Cr 4(S0 4) 4](S0 4) 2 , a n d t h a t t h e c o m p l e x t h e n h y d r o l y z e s : L ^ 4 ( ^ 0 4 ) 4 ] ( S 0 4 ) 2 
+ 2 H 2 0 ^ [ C r 4 ( S 0 4 ) 4 ] S 0 4 ( O H ) 2 + H 2 S 0 4 w i t h u p t o ^0M-SoIn. , a n d on fu r the r di lu­
t ion : [ 0 r 4 ( S O 4 ) 4 ] ( S O 4 ) 2 + 4 H 2 O = 2 H 2 S O 4 + [ C r 4 ( S O 4 ) 4 ( O H ) 4 ] . D . M. Y o s t s t u d i e d 
t h e r a t e of o x i d a t i o n of soln. of ch romic s u l p h a t e b y p o t a s s i u m p e r s u l p h a t e (q.v.). 
F . H a n s found t han ch romic sa l t s a n d silver sa l t s (if soluble enough) r e a c t i n accord 
w i t h C r 2 0 3 - f - 3 A g 2 0 = 2 C r 0 3 - f - 6 A g . J . P o i z a t s t u d i e d t h e a c t i o n of c h r o m i c s u l p h a t e 
on t h e decompos i t i on of h y d r o g e n d iox ide . W . R . H o d g k i n s o n a n d C. C. T r e n c h 
obse rved t h a t c h r o m i u m s u l p h a t e is r e d u c e d t o a m i x t u r e of ox ide a n d su lph ide 
w h e n h e a t e d in a m m o n i a . F . Fe ig l found t h a t a boi l ing soln. of c h r o m i c s u l p h a t e 
in a lkal i - lye is oxidized t o c h r o m a t e b y cha rcoa l (w i th o x y g e n i n t h e pores) ; a n d 
G. F u s e y a a n d co-workers d i scussed t h e f o r m a t i o n of c o m p l e x c a t i o n s w i t h c h r o m i c 
s u l p h a t e a n d glycine . W . M a n c h o t a n d co-workers s h o w e d t h a t soln. w i t h 22-356 
a n d 44-712 g r m s . Cr 2(SO 4J 3 p e r 100 c.c. dissolve r e spec t ive ly 31-8 a n d 18-2 c.c. of 
n i t r o u s oxide pe r 100 c.c. of soln. , a n d respec t ive ly 56-7 a n d 32-4 c.c. of a c e t y l e n e . 

Li. N . Vauque l in , J . J . Berze l ius , A. Sch ro t t e r , M. Siewer t , H . Schiff, R . B u n s e n , 
a n d C. R . C. T i c h b o r n e o b t a i n e d p r ec ip i t a t e s of basic sa l t s b y t h e a c t i o n of w a t e r 
on soln. of ch romic h y d r o x i d e i n su lphu r i c ac id . I n s o m e cases t h e compos i t i on 
of t h e p r o d u c t a p p r o x i m a t e d t o 3 C r 2 0 3 . 2 S 0 3 ; H . Schiff o b t a i n e d one a p p r o x i m a t i n g 
3Cr 2 O 3 . 4SO 3 . 12H 2 O ; a n d M. S iewer t , p r e c i p i t a t e s a p p r o x i m a t i n g t o 5 C r 2 0 3 . 8 S 0 3 , 
a n d t o 5Cr 2 O 3 .12SO 3 . T h e r e is n o t h i n g t o show t h a t t h e s e p r o d u c t s a re a n y t h i n g 
m o r e t h a n a r b i t r a r y s t ages i n t h e progress ive hydro lys i s of ch romic s u l p h a t e . 
H . Schiff also o b t a i n e d c h r o m i c d ioxysulphate , C r 2 O 2 S O 4 - ^ H 2 O , b y dissolving a 
p r e c i p i t a t e d basic sa l t in dil . hyd roch lo r i c ac id , a n d af ter d i lu t ing t h e soln., boi l ing 
i t for some h o u r s . A. W e r n e r r e g a r d e d i t a s c h r o m i c dihydroxytetraquosulphate , 
[Cr (OH) 2 (H 2 O) 4 J 2 SO 4 , a n d o b t a i n e d i t b y a d d i n g 10 g r m s . of p y r i d i n e t o a soln . 
of 20 g r m s . of c h r o m e - a l u m a n d 30 g r m s . of s o d i u m s u l p h a t e in 300 g r m s . of w a t e r . 
T h e pa l e green , s i lky needles a r e b u t s l igh t ly soluble in w a t e r , a n d w i t h o rgan ic 
a n d m i n e r a l ac ids fo rm h e x a q u o - s a l t s of t h e t y p e [ C r ( H 2 O ) 6 ] X 3 . O. G r i m m ' s 
o b s e r v a t i o n s on t h e chlor ides a re also app l i cab le he re . 

A . S c h r o t t e r f o u n d t h a t w h e n di l . s u l p h u r i c ac id s a t . w i t h h y d r a t e d ch romic 
ox ide is boi led for a long t i m e a n d c o n c e n t r a t e d i t furnishes a g reen soln . w h i c h is 
ac id ic t o t e s t - p a p e r , a n d leaves on d r y i n g a green , a m o r p h o u s m a s s f rom which 
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t h e whole of t h e s u l p h a t e is expe l led b y ign i t ion . H . Schiff a d d e d t h a t a t 100°, 
four mols . of w a t e r a re g iven off a n d a t a h ighe r t e m p . , one m o l . A . S c h r o t t e r g a v e 
t h e f o r m u l a of t h e c o m p o u n d d r i ed a t 50° t o 60°, 2 C r ( O H ) S O 4 . 4 H 2 O , b u t H . Schiff, 
in a g r e e m e n t w i th H . L o w e l , g a v e C r 2 ( O H ) 4 S 0 4 . 4 H 2 0 , chromic te tranydroxysulphate 
A . S c h r o t t e r f o u n d t h a t a soln . of t h e sa l t a p p e a r s r u b y - r e d v i ewed b y t r a n s m i t t e d 
sun l igh t , o r cand le - l igh t ; a n d H . F . T a l b o t a d d e d t h a t if t h e soln . w h i c h a p p e a r s 
g r een b y day - l igh t , a n d r e d b y cand le - l igh t b e i n t r o d u c e d i n t o a p r i s m w i t h a 
r e f rac t ing ang le of 5° or 10°, a n d t h e n p l aced b e t w e e n t h e eye a n d t h e candle- f lame, 
r e d a n d b lue i m a g e s of t h e c a n d l e a p p e a r , a n d t h e r e s t of t h e vis ible s p e c t r u m is 
a b s o r b e d so t h a t a k i n d of d o u b l e re f rac t ion is p r o d u c e d . If t h e soln. be p laced 
in a b o t t l e a n d v i ewed b y t r a n s m i t t e d l igh t , t h e t w o i m a g e s ove r l ap , t h e g reen 
p r e d o m i n a t e s b y d a y l i g h t , a n d t h e r ed , b y candle - l igh t . A cone. soln. of t h e 
s u l p h a t e is r e n d e r e d t u r b i d b y t h e a d d i t i o n of w a t e r , depos i t ing t h e m o r e bas ic 
3 : 2 - su lpha t e , a n d b e c o m i n g pa l e r in p r o p o r t i o n t o t h e a m o u n t of w a t e r a d d e d . 
O n e v a p o r a t i o n , howeve r , t h e p r e c i p i t a t e r ed i s so lve s—when t h e di l . soln. f i l tered 
f rom t h e p r e c i p i t a t e is h e a t e d , i t depos i t s m o r e of t h e 3 : 2 - su lpha te , wh ich aga in 
d i s a p p e a r s on boi l ing. A soln. of s p . gr . 1-219 a n d u p w a r d s depos i t s n o t h i n g when 
h e a t e d ; a so ln . of s p . g r . 1-166 b e c o m e s t u r b i d a t 57° ; a soln. of sp . gr . 1-037—1-031, 
a t 64° ; one of sp . gr . 1-002, a t 45° ; a n d one of s p . gr . 1-001, a t 55° ; while stil l 
m o r e di l . soln . r e m a i n c lear w h e n boi led . A c c o r d i n g t o H . Lowel , if t h e green 
soln. b e t r e a t e d w i t h a s m u c h ac id a s i t a l r e a d y c o n t a i n s , a m m o n i a t h e n p r o d u c e s a 
d a r k g r e e n p r e c i p i t a t e w h i c h is on ly s l igh t ly so lub le i n a m m o n i a . M. S iewer t 
f o u n d t h a t w h e n soln. of t h e v io le t s a l t is bo i led w i t h a n excess of h y d r a t e d ch romic 
ox ide , a n d t h e g reen soln. e v a p o r a t e d a l m o s t t o t h e p o i n t of solidif icat ion, i t becomes 
t u r b i d w h e n w a t e r is a d d e d , b u t clarifies a g a i n on e v a p o r a t i o n . A b s o l u t e a lcohol 
p r e c i p i t a t e s f rom t h e soln. a g r e e n s y r u p of t h e 1 : 2 - su lpha t e , a n d i t fo rms a c lear 
soln . w i t h w a t e r . T h e soln. does n o t b e c o m e t u r b i d w h e n boi led, b u t gives t h e 
1 : 2 - s u l p h a t e a s a p r e c i p i t a t e w h e n a lcohol is a d d e d . B . C a b r e r a a n d S. P . de H u b i e s 
s t u d i e d t h e m a g n e t i c qua l i t i e s of g r een a n d v io le t c h r o m i c oxydisulpl iate , 
C r 2 O ( S O 4 J 2 . ^ H 2 O , a n d f o u n d t h a t t h e y c h a n g e w h e n t h e soln. is k e p t for some 
t i m e . I t is sugges t ed t h a t t h i s is d u e t o t h e c h a n g e s : [Cr 2 (S0 4 ) 2 0]—>[Cr 2 (S0 4 )O]SO 4 
- ^ [ C r 2 0 ] ( S 0 4 ) 2 ^ Acco rd ing t o L . a n d P . W o h l e r a n d W . P l u d d e m a n n , t h e oxyd i -
s u l p h a t e , o b t a i n e d b y h e a t i n g t h e bas ic s u l p h a t e t o 280° in a c u r r e n t of c a r b o n 
d iox ide , h a s a d i ssoc ia t ion press , of 91 m m . a t 340°, a n d 191 m m . a t 372° ; a n d 
t h e h e a t of d i ssoc ia t ion is 21-97 CaIs. L ikewise , c h r o m i c trioxytrisulphate, 
Cr 4O 3(SO 4J 3 , o b t a i n e d b y h e a t i n g t h e bas ic s u l p h a t e t o 450° or 460° in a c u r r e n t 
of c a r b o n d iox ide , h a s a d i ssoc ia t ion press , of 146 m m . a t 640°, a n d 400 m m . a t 660° ; 
t h e h e a t of d i ssoc ia t ion is 61-62 CaIs. 

Acco rd ing t o A . Colson, c h r o m i c oxypentasu lphate , C r 4 0 ( S 0 4 ) 5 . n H 2 0 , w i t h 
two masked SOA-radicles is o b t a i n e d b y t r e a t i n g a cold soln. of 1OO gr ins , of c h r o m e -
a l u m in 4 l i t res of w a t e r of a m m o n i a ; d iges t ing a n excess of t h e w a s h e d p r e c i p i t a t e 
in s u l p h u r i c ac id ; a n d e v a p o r a t i n g t h e soln. in v a c u o . On ly -three of t h e five s u l p h a t e 
rad ic les a r e p r e c i p i t a t e d f rom a soln. of t h e s a l t b y b a r i u m chlor ide . T h e sa l t in 
a lcohol ic soln. h a s t h e s a m e compos i t i on as t h e solid. If t h e soln. of th i s sa l t is 
s lowly c rys ta l l ized , b y e v a p o r a t i o n in d r y air , i t y ie lds t h e o x y p e n t a s u l p h a t e , 
C r 4 O(SO 4 J 5 . 12H 2 O, w i t h three masked S O4-radicles. A . Colson sa id t h a t w h e n a 
soln . of t h e v io le t s u l p h a t e is h e a t e d , i t fo rms t h e o x y p e n t a s u l p h a t e , 
H S O 4 ( C r S O 4 J 2 . 0 . ( C r S 0 4 ) 2 . O . C r S 0 4 , in wh ich t h e r e a r e four masked SO^radicles. 
If t h e soln. is boi led a n d s u d d e n l y cooled, i t y ie lds t h e s u l p h a t e w i t h all i t s s u l p h a t e 
rad ic les m a s k e d . 

Acco rd ing t o P . N i c o l a r d o t , w h e n a v iole t so ln . is boi led, a n d t h e resu l t ing green 
l i quo r is h e a t e d w i t h b a r i u m s u l p h a t e , p a r t of t h e s u l p h u r i c ac id is p r ec ip i t a t ed , 
a n d w h e n t h e f i l t ra te is a l lowed t o e v a p o r a t e s p o n t a n e o u s l y , t h e r e r e m a i n s ch romic 
o x y p e n t a s u l p h a t e , Cr 2 O 3 .2 -5SO 3 .7 -5H 2 O, t h a t is, C r 4 O ( S 0 4 ) 5 . 1 5 H 2 O , w i t h all five 
SO^-radicles masked. Th i s s a l t a p p e a r s a s a non-c rys t a l l i ne solid, read i ly soluble 
in w a t e r t o fo rm a g reen soln. , b u t insoluble in a lcohol or ace tone , a n d p r e c i p i t a t e d 
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f rom a q . soln. b y t he se l iqu ids . SoIn. of t h e sa l t d o n o t y ie ld p r ec ip i t a t e s w i t h 
b a r i u m chlor ide or w i t h s o d i u m p h o s p h a t e ; i t differs in t h i s r e spec t f rom t h e 
s u l p h a t e of s u l p h o c h r o m y l h y d r o x i d e descr ibed , b u t n o t i so la ted , b y A. R e c o u r a . 
Accord ing t o A. Colson, t h e e q u i l i b r i u m ind i ca t ed in t h e following e q u a t i o n , 
2 C r 2 ( S 0 4 ) 3 4 - H 2 O ^ H 2 S 0 4 + C r 4 0 ( S 0 4 ) 5 , is on ly re la t ive ly s t ab le , a n d t h e p e n t a -
su lpha t e , Cr4O(SO4J6 , is a c t e d on b y boi l ing w a t e r w i t h m o m e n t a r y p r o d u c t i o n of 
a fresh q u a n t i t y of acid, t h u s : C r 4 0 ( S 0 4 ) 5 + H 2 O ^ C r 4 0 2 ( S 0 4 ) 4 + H 2 S 0 4 . T h i s 
is p r o v e d b y t h e r e p e a t e d boi l ing of a 0 -1^-so ln . of t h e n o r m a l g reen s u l p h a t e , 
Cr 2 (SO 4 ) 3 . 10H 2 O, cool ing v e r y r ap id ly , a n d t h e n a d d i n g b a r y t a - s o l n . T h e a m o u n t 
of h e a t deve loped in t h e r eac t ion shows t h a t each successive boi l ing af ter t h e first 
l i be ra tes su lphur i c ac id accord ing t o t h e second e q u a t i o n . 

C. F . Cross a n d A. F . Higg in o b t a i n e d a n ac id sa l t a p p r o x i m a t i n g 
4Cr 2 O 3 . 6SO 3 . 7H 2 SO 4 , b y h e a t i n g chromic ox ide w i t h cone, su lphur i c ac id . T h e 
g rey p o w d e r is insoluble in wa te r , a n d is a t t a c k e d w i t h difficulty b y a lkal i - lye . 
Accord ing t o M. T r a u b e , a n d A. Schro t t e r , a pa l e p u c e or g r ey p o w d e r is f o rmed 
w h e n a green m u s h of cone, su lphur ic acid a n d a basic ch romic s u l p h a t e or h y d r a t e d 
ox ide is h e a t e d un t i l su lphur ic ac id begins t o volat i l ize : if a l a rge p r o p o r t i o n of 
su lphur i c ac id is employed , a green soln. is ob ta ined , which w h e n h e a t e d becomes 
colourless, a n d depos i t s t h e p u c e or g r ey p o w d e r . T h e p r o d u c t is w a s h e d w i t h w a t e r 
a n d dr ied . A . S c h r o t t e r r e g a r d e d i t a s t h e n o r m a l s u l p h a t e , b u t M. T r a u b e , 
a n d M. S iewer t showed t h a t i t is r a t h e r c h r o m i c dihydroheptasulphate , 
2Cr^(SO4J3 .HoSO4 . A. lS tard supposed t h e c o m p o u n d t o b e c o n s t i t u t e d 
C r 2 ( S 0 4 ) 6 C r 2 . H 2 S 0 4 , or HSO 4 .C r 2 (SO 4 ) 5 Cr 2 .HSO 4 ; a n d G. N . Wyrouboff , 
[ C r 2 0 3 ( S 0 2 ) 4 0 4 C r 2 0 3 ( S 0 2 ) 3 0 2 ( O H ) 2 ] 3 . M. T r a u b e also o b t a i n e d t h e s a m e sa l t 
c o n t a m i n a t e d w i t h some p o t a s s i u m sa l t b y t h e ac t i on of cone, su lphur ic ac id 
on po t a s s ium d i e h r o m a t e a n d c h r o m e - a l u m ; a n d T . K l o b b , b y t h e ac t ion of 
t h e acid on t h e a m m o n i u m ch romic s u l p h a t e . M. T r a u b e sa id t h a t t h e p o w d e r 
is some t imes so fine t h a t i t will pass t h r o u g h f i l ter-paper ; a n d will r e m a i n 
suspended in w a t e r a cons iderable t i m e , b u t can be r a p i d l y p r ec ip i t a t ed b y t h e 
a d d i t i o n of va r ious sal ts—e.g. a m m o n i u m c a r b o n a t e , p o t a s s i u m s u l p h a t e , e t c . 
T h e p o w d e r a p p e a r s g r ey b y day l igh t , a n d green b y candle- l igh t ; a n d A. S c h r o t t e r 
sa id t h a t t h e p o w d e r m a y a p p e a r a v e r y l igh t r ed b y diffused d a y l i g h t ; pa le 
g reen b y sun l igh t ; a n d verdigr is -green b y candle- l ight . E v e r y t i m e i t is h e a t e d , 
i t a p p e a r s puce-co loured . W h e n h e a t e d t o redness , i t gives off al l i ts su lphur ic 
ac id ; a n d , accord ing t o M. T r a u b e , a p y r o p h o r i c m i x t u r e of ch romic su lph ide and 
oxide m a y be fo rmed . W h e n h e a t e d in h y d r o g e n i t y ie lds w a t e r , h y d r o g e n su lphide , 
su lphu r , a n d ch romic oxide ; while a c u r r e n t of h y d r o g e n su lph ide c o n v e r t s t h e 
h e a t e d sa l t i n t o b lack chromic su lph ide , w i t h t h e f o r m a t i o n of w a t e r , su lphu r , 
a n d s u l p h u r d ioxide . I t is insoluble in cold wa te r , b u t w h e n boi led for a long t i m e 
w i t h w a t e r , or w h e n al lowed to s t a n d for a long t i m e in c o n t a c t w i t h w a t e r , some of 
i t passes i n to soln. I t is insoluble in aq . a m m o n i a a n d in s t r o n g m i n e r a l acids—e.g. 
hydroch lo r i c , su lphur ic , a n d n i t r i c ac ids , or in a q u a regia . T h e sa l t is r ead i ly 
d e c o m p o s e d b y fused alkal i h y d r o x i d e , or b y a boil ing soln. of t h e h y d r o x i d e or 
c a r b o n a t e . 

R . F . W e i n l a n d a n d R . K r e b s p r e p a r e d c h r o m i c dihydrotetrasulphate , 
Cr 2 (SO 4 J 3 .H 2 SO 4 .wH 2 0 , b y t h e ac t ion of a n excess of cone, su lphur i c ac id on a 
soln. of c h r o m e - a l u m . The Jiexadecahydrate s e p a r a t e s in t h e violet form if t h e m i x t u r e 
is m a d e w i t h well-cooled l iquids ; c o l u m n a r c rys t a l s s e p a r a t e f rom a soln. of 100 
mol s of su lphur i c acid a n d one of c h r o m e - a l u m w h e n e v a p o r a t e d in v a c u o , whi le 
if t h e m i x t u r e is m a d e wi th w a r m soln. , t h e green for?n is p r o d u c e d in ac icu la r 
c ry s t a l s . O n l y w i t h t n e v iole t soln. i s al l t h e su lphur i c ac id p r e c i p i t a t e d b y b a r i u m 
chlor ide . T h e sa l t loses n o w a t e r if t h e s a l t b e k e p t over su lphur i c ac id in v a c u o . 
A soln. of a m o l of t h e v iole t s u l p h a t e in 124-7 l i t res of w a t e r h a s a c o n d u c t i v i t y 
of 116, a n d t h i s v a l u e does n o t c h a n g e w i t h t i m e ; on t h e o t h e r h a n d , a soln. of 
t h e g reen sa l t of n e a r l y t h e s a m e cone , h a s a c o n d u c t i v i t y of 76-5 wh ich in 2 h r s . 
r ises t o 80-8, in 5 h r s . t o 93*2, a n d in 24 h r s . t o 101-8. I t is the re fore infer red t h a t t h e 
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vio le t s a l t is t o be f o r m u l a t e d [Or 2 (H 2 O) 1 6 ] ( S 0 4 ) 3 ( H 2 S 0 4 ) , a n d t h a t w i t h t h e green 
sa l t , s o m e s u l p h a t e is c o n t a i n e d w i th in t h e co -o rd ina t ed g r o u p . If t h e original 
c o m p o n e n t s i n t e r a c t a t —15° , long, t a b u l a r , v io le t c rys t a l s of t h e tetracosihydrate 
a r e fo rmed , [ C r 2 ^ H 2 0 ) i 6 ] ( 8 0 4 ) 3 ( H 2 S 0 4 ) . 8 H 2 0 , or L0r (H 2 O) 8 ] (SO 4 (HSO 4 ) . 4H 2 O. 
T h i s s a l t c a n b e r e g a r d e d a s be ing r e l a t ed t o c h r o m e - a l u m since b o t h c o n t a i n t h e 
s a m e n u m b e r of w a t e r mols . , a n d in b o t h t h e su lpha te - rad ic le is all p r e c i p i t a t e d b y 
b a r i u m s u l p h a t e : H C r ( S 0 4 ) 2 . 1 2 H 2 0 , a n d K C r ( S 0 4 ) 2 . 1 2 H 2 0 . C h r o m e - a l u m loses 
6 mols . of w a t e r ove r s u l p h u r i c ac id in v a c u o , while h y d r o c h r o m o d i s u l p h u r i c acid 
loses 4 mols . , y ie ld ing t h e h e x a d e c a h y d r a t e . Sti l l fur ther , if 140 mols of su lphu r i c 
ac id be e m p l o y e d t o one mo l of s u l p h a t e , chromic tetrahydropentasulphate , 
C r 2 ( S 0 4 ) 3 . 2 H 2 S 0 4 . 1 8 H 2 0 , or [ C r 2 ( H 2 0 ) 1 8 ] ( S 0 4 ) 3 ( H 2 S 0 4 ) 2 , is fo rmed in r e c t a n g u l a r 
p l a t e s . Th i s violet form of t h e sa l t becomes g rey i sh -green w h e n h e a t e d t o 100°, 
w i t h t h e loss of some w a t e r . B a r i u m chlor ide does n o t p r e c i p i t a t e all t h e s u l p h a t e 
f rom t h e g reen a q . soln. , b u t i t does so f rom t h e v io le t soln. Consequen t ly , some 
s u l p h a t e rad ic le is c o n t a i n e d w i t h i n t h e c o - o r d i n a t i o n g r o u p of t h e g reen sa l t . 

Acco rd ing t o A. R e c o u r a , g reen c h r o m i c s u l p h a t e c a n u n i t e w i t h one , t w o , a n d 
t h r e e mols . of s u l p h u r i c ac id , or m e t a l s u l p h a t e s t o fo rm c o m p l e x ehromisulphuric 
a d d s , o r t h e i r sa l t s . T h e ac ids a re p r e p a r e d b y e v a p o r a t i n g t o d r y n e s s on a wa te r -
b a t h a soln. of a m o l of g reen c h r o m i c s u l p h a t e w i t h one , t w o , or t h r e e mols of sul­
p h u r i c ac id , a n d h e a t i n g t h e g reen p r o d u c t for a long t i m e t o 110° t o 120°. N o 
s u l p h a t e is p r e c i p i t a t e d w h e n b a r i u m chlor ide is first a d d e d t o a q . soln. of t h e 
ac ids . T h e r e a r e t h u s o b t a i n e d chromitetrasulphurie acid, Cr2(SO4J3 .H2SO4 .wH«>0, 
or H 2 [ C r 2 ( S O J 4 ] ^ H 2 O , or, a cco rd ing t o W . R . W h i t n e y , [Cr 2 (H 2 O) 4 (SO 4 ) JH 2 ; 
chromipentasu lphur ic ac id , C r 2 ( S 0 4 ) 3 . 2 H 2 S 0 4 . n H 2 0 , or H 4 [ C r 2 ( S 0 4 ) 5 ] . w H 2 0 , 
or, acco rd ing t o W . K . W h i t n e y , [ C r 2 ( H 2 O ) 2 ( S O 4 V J H 4 ; a n d cbrominexasulphuric 
ac id , C r 2 ( S 0 4 ) 3 . 3 H 2 S 0 4 . ™ H 2 0 , or H 6 [ C r ( S O 4 ) 6 J . n H 2 0 , or, accord ing t o W . R . W h i t n e y , 
[ C r ( S 0 4 ) 6 ] H 6 . G. N . Wyroubo i f r e g a r d e d t h e s e ac ids a s es te rs of t h e green sul­
p h a t e in which t w o h y d r o x y l rad ic les a r e r ep l aced b y c h r o m o s u l p h u r i c acid . These 
ac ids a re accord ing ly r e p r e s e n t e d r e spec t ive ly b y [Cr 2 O(OH) 4 (SO 2 J 4 ]O(OH) 6 ; by 
[ G Y 2 O ( O H ) 4 ( S O ^ 5 ] O 2 ( O H ) 6 ; a n d b y [Cr 2 O(OH) 4 (SOo) 6 ]O 3 (OH) 6 . Accord ing t o 
A . R e c o u r a , t h e p r o p o r t i o n of c o n t a i n e d w a t e r is d e p e n d e n t on t h e d u r a t i o n of 
t h e h e a t i n g a t l l O ° t o 120°, a n d t h e y lose n o s u l p h u r i c ac id be low 170°. E : Moles 
a n d M. Crespi g a v e for t h e sp . g r . of t h e ac id H C r ( S 0 4 ) 2 , 2-724 a t 25 0 /4° , a n d 90-5 
for t h e mo l . vo l . ; for t h e ac id H C r ( S O 4 - H 2 O ) 2 , t h e y f o u n d t h e s p . gr . 2*516, a n d 
t h e m o l . vo l . 111-5 ; a n d for H [ C r ( H 2 O ) 6 ] ( S O 4 - H 2 O ) 2 , r e spec t ive ly 2-009 a n d 195. 
T h e y also obse rved t h a t t h e ac id H [ C r ( H 2 O ) 6 ] ( S O 4 - H 2 O ) 2 loses 6-03 mols . of w a t e r 
a t 120°, a n d H C r ( S O 4 - H 2 O ) 2 , 1-91 mols . a t 350° . Accord ing t o A. R e c o u r a , t h e 
ac ids a r e s t a b l e w h e n d r y , a n d t h e y a r e freely soluble in w a t e r fo rming g reen soln. 
T h e bas ic i ty of t h e ac ids j u s t i n d i c a t e d acco rds w i t h t h e t h e r m a l va lues of t h e 
n e u t r a l i z a t i o n of soln. of t h e r e spec t ive ac ids w i th 2, 4, a n d 6 mols . of a soln. of 
s o d i u m h y d r o x i d e — o n e m o l p e r 20 l i t res : ( H 2 [ C r 2 ( S 0 4 ) 4 ] , 2 N a O H ) — 3 3 - 3 CaIs. ; 
( H 4 [ C r ( S 0 4 ) 5 ] , 4 N a O H ) = 2 x 3 3 CaIs. ; a n d (H 6 [Cr(SO 4 J 6 LGNaOH) = 3 X 32 CaLs. 
W h e n ( H 2 S O 4 , 2 N a O H ) = 3 0 - 8 CaIs. u n d e r s imilar cond i t ions . T h e formulae a re 
a lso in accord w i t h t h e fac t t h a t freshly p r e p a r e d soln. d o n o t show t h e r eac t ions 
of c h r o m i u m or s u l p h a t e s w i t h mi ld r e a g e n t s l ike s o d i u m p h o s p h a t e a n d b a r i u m 
ch lor ide . I n course of t i m e , p a r t i c u l a r l y w h e n h e a t e d , or w h e n t r e a t e d w i th s t ronger 
r e a g e n t s l ike s o d i u m h y d r o x i d e , t h e soln. do g ive t h e r eac t ions of c h r o m i u m a n d 
of su lphu r i c ac id . W . K . W h i t n e y found t h e e lect r ica l c o n d u c t i v i t y , A m h o s , of soln. 
a g r a m - e q u i v a l e n t in v l i t res a t 0° t o be close t o t h e v a l u e s for su lphur i c ac id of t he 
s a m e c o n e , 

V r ( H x S p 4 

( 

4H2[Cr8(SOJ3(H8SO1)] 
lH4LCr2(SO4)3(H:2S04)2l 
J H e C C r ^ S C W I ^ S O ^ ] 

202 
210-7 
210-« 
210-9 
210-7 

404 
223-7 
2231 
222-9 
222-3 

808 
2360 
232-5 
231-5 
236-O 

1616 
245-5 
241 -O 
240-6 
2440 

3232 
249-2 
250-9 
2GO-5 
250-8 

C o n s e q u e n t l y , W . B . W h i t n e y infer red t h a t t h e ioniza t ion , t h e veloci t ies of t r a n s p o r t 
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of t h e an ions , a n d t h e s t r e n g t h s of t h e four ac ids a r e a p p r o x i m a t e l y t h e s a m e ; 
s imi la r conclus ions were d r a w n f rom t h e a c t i o n of t h e four ac ids o n t h e hyd ro lys i s 
of m e t h y l a c e t a t e . D e t e r m i n a t i o n s of t h e f .p . show t h a t t h e n u m b e r of molecules 
in soln. of t hese ac ids is c o n d i t i o n e d b y t h e free su lphu r i c ac id p r e s e n t i n t h e soln . 
T h e f .p. of su lphur i c ac id is t h e s a m e as t h a t of one of t h e s e ac ids w i t h t h e s a m e 
c o n t e n t of free su lphur i c ac id— i . e . a c id n o t b o u n d t o t h e c h r o m i u m . H e n c e , c h r o m i c 
s u l p h a t e does n o t a c t as i n d i v i d u a l c o m p o u n d , b u t i t fo rms complexes i n a g r e e m e n t 
w i th t h e r e su l t s d e d u c e d f rom t h e chemica l b e h a v i o u r of t h e complexes . W h e n 
t h e soln. a r e k e p t for s o m e t i m e , t h e f .p. d a t a show t h a t t h e r e is a n increase in *the 
n u m b e r of molecules . F o r a n i somer ic fo rm of ch romic t e t r a s u l p h u r i c ac id , vide 
infra. 

A. R e c o u r a a t t e m p t e d t o p r e p a r e chromisu.lpliu.ric ac ids with, m o r e than , t h r e e m o l s 
of s u l p h u r i c a c i d p e r m o l . of c h r o m i c s u l p h a t e , b u t f o u n d t h a t t h e p r o d u c t s h a v e q u i t e a 
d i f ferent c h a r a c t e r . T h u s , -when a so ln . of a m o l of t h e g r een s u l p h a t e w i t h 4, 5, o r 6 m o l s . 
of s u l p h u r i c a c i d is e v a p o r a t e d o n a w a t e r - b a t h , a n d t h e r e s u l t i n g d a r k g r e e n s y r u p is h e a t e d 
for s o m e d a y s a t 115°, chromipolysulphuric ac ids—respec t ive ly chromlheptasulphurie 
acid, C r a ( S 0 4 ) 8 . 4 H a S 0 4 ; chromloctosulphurlc acid, C r 2 ( S O J 3 . 5 H 2 S O 4 ; a n d chromiennea-
SUlphurlc add , C r 2 ( S O 4 J 3 . 6 H 2 S O 4 — a r e o b t a i n e d i n t h e f o r m of t r a n s p a r e n t , g r e e n g lasses 
w h i c h f o r m ye l lowish -g reen sob i . w i t h w a t e r . T h e s e so ln . f o rm t r a n s p a r e n t , g e l a t i n o u s 
m a s s e s a f t e r s t a n d i n g a few d a y s ; t h e y a r e c o a g u l a t e d a t 100° ; o n t h e a d d i t i o n of s t r o n g 
a c i d s t h e y fu rn i sh g r e e n flecks ; a n d t h e y g ive g r een , inso lub le , n o c c u l e n t p r e c i p i t a t e s -when 
t r e a t e d w i t h so ln . of t h e s a l t s of t h e m e t a l s . I n t h i s r e a c t i o n t h e c o m p l e x is r e d u c e d t o 
a c h r o m i t e t r a s u l p h a t e , M S 0 4 . C r a ( S 0 4 ) 3 o r C r ( S O 3 J 4 O 2 ( O H ) 2 a n d t h e excess s u l p h a t e is s e t 
free a s s u l p h u r i c ac id ; t h u s , c h r o m x h e p t a s u l p h u r i c a c i d r e a c t s w i t h c u p r i c ch lo r ide : 
L C r a ( S 0 4 ) 3 ( H a S 0 4 ) 4 ] - f CuCl 2 = 3 H 2 S O 4 + 2 H C l + [Cr 2 (SO 4 J 4 ]Cu. A . R e c o u r a a lso p r e p a r e d 
t h e c h r o m i t e t r a s u l p h u r i c ac id b y h e a t i n g c h r o m l h e p t a s u l p h u r i e a c i d t o 140°—150° u n t i l 
i t n o l o n g e r loses w e i g h t , a n d h a s los t 3 m o l s . of s u l p h u r i c ac id . T h e g r e y p o w d e r is a n 
i somer i c f o r m of t h e c h r o m i t e t r a s u l p h u r i c a c i d i n d i c a t e d a b o v e . I t f o rms a g reen i sh -ye l low, 
o p a l e s c e n t or col lo idal so ln . w i t h w a t e r , a n d w i t h so ln . of t h e m e t a l s a l t s , i n so lub le c h r o m i -
t e t r a s u l p h a t e s . C l i r o m i t e t r a s u l p h u r i c ac id , C r 2 O 2 ( S O 3 J 4 ( O H ) 2 , or [Cr 2 (SO 4 J 4 ]H 2 , i s d iba s i c , 
a n d i t i s a s t r o n g e r ac id t h a n s u l p h u r i c a c id . S t r o n g a c i d s p r e c i p i t a t e i t a s a g e l a t i n o u s 
m a s s f r o m so ln . of i t s s a l t s . T h e ac id c a n b e t r a n s f o r m e d i n t o i t s i somer ic f o r m b y bo i l i ng 
w i t h w a t e r ; a n d w i t h bo i l ing a lka l i - lye , c h r o m i t e s a r e f o r m e d . G. N . WyroubofE be l i eved 
t h a t t h e s e c h r o m i p o l y s u l p h u r i c ac ids a r e n o t c h e m i c a l i n d i v i d u a l s , b u t m i x t u r e s of s u l p h u r i c 
a c i d w i t h t h e c h r o m i t e t r a s u l p h u r i c a c id . 

A / R e c o u r a showed t h a t t h e g reen c h r o m i c s u l p h a t e can u n i t e w i t h one , t w o , 
or t h r e e mol s . of ch romic ac id t o form chromitr i su lphatochromic ac ids . These 
a r e a n a l o g o u s t o t h e c h r o m i s u l p h u r i c ac ids . T h u s , t h e r e is chromi tr i su lphato ­
c h r o m i c ac id , C r 2 ( S 0 4 ) 3 . H 2 C r O 4 , or H 2 [Cr 2 (SO 4 )S(CrO 4 ) ] ; cnromitr i su lphatodi -
c h r o m i c acid, C r 2 ( S 0 4 ) 3 . 2 H 2 C r O 4 , or H 4 [ C r 2 ( S 0 4 ) 3 ( C r 0 4 ) 2 ] ; a n d chromi tr i su lphato -
tr ichromic ac id , C r 2 ( S 0 4 ) 3 . 3 H 2 C r 0 4 , or H 6 [ C r 2 ( S O 4 ) 3 ( 0 r O 4 ) 3 ] . T h e c o n s t i t u t i o n s 
m a y a lso b e r e p r e s e n t e d respec t ive ly b y t h e formulae : 

^X8O4 -H sc^cr^jii-i H5S:>r^ss::S 
S O 4 ^ XCrO 4 -H 4 \ - C r O 4 - H q o

4 / \ r v o Pr 
\ CrO 4 -H H - S O 4 ^ ^CrO 4 -H 

These ac ids fo rm d a r k b r o w n a m o r p h o u s masses which , in freshly p r e p a r e d , 
di l . soln. e x h i b i t t h e c h a r a c t e r i s t i c r e a c t i o n s of n e i t h e r S O 4 " — n o r C r O 4 " — r a d i c l e s , 
s lowly decompose w h e n t h e y d o s h o w t h e r e a c t i o n s of t h e s e rad ic les . A r g u i n g 
b y ana logy , a n d f rom s o m e o b s e r v a t i o n s on t h e h e a t s of n e u t r a l i z a t i o n , i t is 
in fe r red t h a t t h e c o n s t i t u t i o n of t h e c h r o m i s u l p h a t o c h r o m i c ac ids r e sembles 
t h a t of t h e c h r o m i s u l p h u r i c ac ids . If t h e a lka l i c h r o m a t e s a r e e m p l o y e d in p l ace 
of c h r o m i c ac id i n t h e p r e p a r a t i o n of t h e s e p r o d u c t s t h e n t h e c o r r e s p o n d i n g 
c h r o m i s u l p h a t o c h r o m a t e s a r e f o r m e d . J . P o i z a t s t u d i e d t h e a c t i o n of chromi- . 
m o n o - , -di- , a n d t r i - su lphur i c ac ids on h y d r o g e n d iox ide . 

According to O. N . Wyrouboff, when an aq. soln. of chromisulphuric 
acid is heated, a coagulum is formed which he called chromium siilphochrornate, 
[Cr8O2(OH)4(SOa)4O8(OH)2]Cr8(OH)6 , and which is identical with t h a t obtained by precipi­
ta t ing a violet salt of chromium in the cold wi th sulphochromic acid. If this is maintained for 

chromisu.lpliu.ric
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s o m e t i m e i n c o n t a c t w i t l i b o i l i n g w a t e r , i t b e c o m e s h y d r a t e d , d i s s o l v e s s l o w l y , a n d f i n a l l y 
p a s s e s e n t i r e l y i n t o a s o l n . of t h e g r e e n s u l p h a t e . C h r o m i u m s u l p h o c h r o m a t e , w h e n 
h e a t e d a t 1 2 0 ° , b e c o m e s s o l u b l e i n w a t e r a n d t h e s o l n . y i e l d s i n s o l u b l e p r e c i p i t a t e s 
w i t h m e t a l l i c s a l t s , chromosttlphoohrorncU^s b e i n g f o r m e d . W h e n c h r o m i u m s u l p h o ­
c h r o m a t e i s t r e a t e d w i t h h y d r o c h l o r i c a c i d , w h a t h e c a l l e d chrornosulphochromic acid, 
[ C r a O a ( O J r I ) 4 ( S O a ) 4 O a . C r a O ( 0 1 i ) 2 ( S 0 2 ) 3 ( O H : 6 ] [ ( O H ) 2 , i s p r e c i p i t a t e d a s a d a r k g r e e n , 
g e l a t i n o u s m a s s w h i c h d i s s o l v e s i n w a t e r , y i e l d i n g a n o p a l e s c e n t s o l n . O n a d d i n g 2 m o l s 
of s u l p h u r i c a c i d a n d a l i t t l e w a t e r t o 1 m o l of c h r o m i u m s u l p h o c h r o m a t e , e v a p o r a t i n g 
o n t h e w a t e r - b a t h , a n d h e a t i n g f o r s o m e h o u r s a t 1 2 0 ° , chromodimdpKochromic acid, 
[ C r 2 O a ( O H ) 4 ( S O ? ) 4 0 3 j a C r 2 0 ( O H ) 2 ( S 0 2 ) 3 ( O H ) 4 { O H ) 4 . H 2 0 , i s o b t a i n e d , w h i c h y i e l d s a n 
i n s o l u b l e s a l t w i t h i r o n . " W i t h s u l p h o c h r o m i c a c i d , c h r o m i u m s u l p h o c h r o m a t e y i e l d s a 
c h r o m o s u l p h o d i c h r o r n a t e . I f c h r o m i u m s u l p h a t e i s h e a t e d w i t h a n e x c e s s of s u l p h u r i c 
a c i d t o a t e m p , n o t e x c e e d i n g 1 5 0 ° , a c l e a r g r e e n , g e l a t i n o u s p r e c i p i t a t e of s u l p h o c h r o m i c 
a c i d i s f o r m e d ; o n c o n t i n u i n g t h e h e a t i n g a n d a t t h e s a m e t i m e a l l o w i n g t h e t e m p , t o r i s e , 
t h e g r e e n p r e c i p i t a t e g r a d u a l l y c h a n g e s i n t o a h e a v y , g r e y i s h - y e l l o w p o w d e r , s o l u b l e i n 
w a t e r , y i e l d i n g a m i l k y , s t r o n g l y a c i d s o l n . T h e s a m e s u b s t a n c e i s o b t a i n e d b y h e a t i n g 
s u l p h o c h r o m i c ; a c i d f o r s o m e t i m e a t 2 5 0 ° , a n d i s t h e f i r s t a n h y d r i d e of a p o l y m e r i d e of 
c h r o m o s u l p h o c h r o m i c a c i d . A l t h o u g h s u l p h o c h r o m i c a c i d f o r m s i n s o l u b l e c o m p o u n d s 
w i t h t h e m e t a l s , i t d o e s n o t g i v e p r e c i p i t a t e s -wi th a l l t h e s a l t s of t h e m e t a l s . T h u s , i t 
g i v e s a p r e c i p i t a t e w i t h a s o l n . of m e r c u r i c n i t r a t e o r a c e t a t e , b u t n o t w i t h m e r c u r i c b r o m i d e . 
T h i s i s e x p l a i n e d b y s a y i n g t h a t t h e l a s t - n a m e d s a l t i s a n a n h y d r i d e a n d n o t a n o r m a l s a l t . 

T h e p r o d u c t s o b t a i n e d by J . L . G a y Liussac 3 b y t h e ac t ion of su lphur ic ac id 
on ch romic a n h y d r i d e , were shown b y J . F r i t z s che , a n d P . P l a n t a m o u r t o b e 
mechan i ca l m i x t u r e s . J . Meyer a n d V. S t a t e c z n y found t h e f.p. of m i x t u r e s of 
ch romic ac id a n d water - f ree H 2 S O 4 t o b e : 

C r O 3 . 0 0 1 6 1-2 2 0 2 3 1 3 4 1 7 5-37 8-66 p e r c e n t . 
F . p . - 1 0 - 4 5 ° 1 0 - 2 ° 8-6° 5-8° 7*0° 8-8° 9-0° 9-8° 

T h e eu t ec t i c a t 5-5° co r r e sponds w i t h 2-2 p e r c e n t . CrO 3 . A. W . K a k o w s k y and 
D . 1ST. TarassenkofE found t h a t t h e c o m p o u n d decomposes a t o r d i n a r y t e m p , wi th 
a m a r k e d c h a n g e of colour w h e n t h e 
h u m i d i t y exceeds 1-7 p e r cen t . W. Ipat iefr /J^'^3 
a n d A. KisselefE o b t a i n e d p o t a s s i u m tr isul -
phatodichromate, 2KCr04 .Cr2(S04)3 .H20, 
b y t h e ac t ion of h y d r o g e n u n d e r press , on 
a soln. of p o t a s s i u m d ichr o rna te (q-v.). 
P . A. Bol ley a d d e d c h r o m i u m t r iox ide t o 
cone , su lphu r i c acid, u n t i l n o m o r e dis­
solved, t h e r e su l t i ng d a r k b r o w n oil fo rms 
a pa le b r o w n , g r a n u l a r m a s s in a few 
d a y s . A . S c h r o t t e r o b t a i n e d a yel lowish-
b r o w n s u b s t a n c e t o wh ich he g a v e t h e 
fo rmu la CrO 3 . 3SO 3 ; a n d A. P i c t e t a n d . -
Gr. K a r l h e a t e d a m i x t u r e of s u l p h u r a n d * 3 

c h r o m i u m t r iox ides in a sea led t u b e F i a - ^ / T " ^ ^ ? r ^ a r y f^f t ex r i : 

a n d o b t a i n e d a ye l lowish-brown m a s s of CrO 3 -^o 3 -H 2 O at 25 . 
CrO 3-SO 3 , s o m e t i m e s r e g a r d e d a s chromyl sulphate , CrO 2 (SO 4 ) . T h e p r o d u c t s 
a r e u n s t a b l e in air , a n d l i be r a t e c h r o m i u m t r iox ide b y t h e ac t ion of mo i s tu re . 
T h e o b s e r v a t i o n s of Li. F . G i lbe r t a n d co-workers , a n d A. W . I l a k o w s k y a n d 
D . N . TarassenkofE on t h e so lubi l i ty of c h r o m i u m t r iox ide in soln. of su lphu r 
t r i o x i d e a t 25° a n d 45° were d iscussed in connec t ion w i t h c h r o m i u m t r iox ide . 
T h e resu l t s of L . F . G i lbe r t a n d co-workers a re shown g raph ica l ly in F ig . 80, for 
t h e t e r n a r y s y s t e m : C r O 3 - S O 3 - H 2 O a t 25°. The re a r e t h r e e solid phases CrO 3 ; 
CrO 3 -SO 3 ; a n d w h a t is t h o u g h t t o be t h e monohydrate, C rO 3 .SO 3 .H 2 O. Chromyl 
s u l p h a t e is u sua l ly b r o w n a n d m i n u t e l y crys ta l l ine , a n d some t imes a m o r p h o u s ; 
t h e h y d r a t e is a lso a m o r p h o u s . JBoth c o m p o u n d s a r e v e r y hygroscopic , a n d 
l i be r a t e sca r l e t c h r o m i u m t r i ox ide o n exposure t o air . 

J . Meyer a n d V. S t a t e c z n y sa id t h a t t h e o r ange p rec ip i t a t e which g radua l ly 
fo rms f rom soln. of c h r o m i u m t r iox ide in 95 t o 1OO p e r cen t . H 2 S O 4 is chromato -
SUlphuric a d d , H 2 C r S O 7 , or H2[CrO3(SO4)"J, a n d t h a t i t a p p e a r s as a d a r k orange 

V O L . X I . 2 G 
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p o w d e r "which r eac t s v e r y energe t ica l ly w i t h w a t e r t o fo rm a b r i ck - r ed soln. of 
ch romic a n d su lphur ic ac ids . T h e ac id c a n b e p re se rved over p h o s p h o r u s p e n t o x i d e , 
or in a sealed t u b e . I t is d e c o m p o s e d in l igh t . I t is insoluble in c a r b o n d i su lph ide 
a n d s imilar l iquids ; i t is g r a d u a l l y r e d u c e d b y e the r , l igroin, a n d benzene* I t 
d a r k e n s in colour w h e n h e a t e d , i t s in t e r s a t 168°—170°, a n d a t 190° fo rms a b lood- red 
l iqu id a n d t h e n decomposes w i t h t h e evo lu t ion of oxygen . I t is a powerful 
oxidizing agent-—a d r o p of a lcohol is inf lamed b y t h e ac id ; a n d i t fo rms c h r o m i c 
oxide w i t h t h e evo lu t i on of s u l p h u r d ioxide w h e n t r e a t e d w i t h a l d e h y d e . 
N a p h t h a l e n e , a n d p h e n o l a r e ca rbon ized ; a n t h r a c e n e y ie lds ace t ic ac id ; a n d a 
m i x t u r e of suga r a n d p o t a s s i u m ch lo ra t e is exploded b y t h e ac id . I t does n o t form-
sa l t s by d i rec t n e u t r a l i z a t i o n . H . Schifr p r e p a r e d po tas s ium chromatosu lphate , 
K 2 C r S O 7 , or K 2 [CrO 3 (SO 4 ) ] , b y me l t i ng p o t a s s i u m s u l p h a t e or h y d r o s u l p h a t e w i t h 
p o t a s s i u m c h l o r o c h r o m a t e ; a n d J . Meyer a n d V. S t a t e c z n y , b y t h e r e a c t i o n 
K 2 C r 2 O 7 + 2 K H S O 4 = H 2 O + 2 K 2 C r S O 7 . T h e y also p r e p a r e d a m m o n i u m c h r o m a t o ­
sulphate , ( N H 4 ) 2 [ C r 0 3 ( S 0 4 ) ] , a n d s o d i u m chromatosu lphate , Na 2 [CrO 3 (SO 4 ) ] , i n 
a s imilar m a n n e r . B y h e a t i n g a m i x t u r e of b a r i u m c h r o m a t e a n d s u l p h u r 
t r iox ide in a sea led t u b e for 3 h r s . a t 120°, bar ium chromatosu lphate , Ba[CrO 3 (SO 4 ) ] , 
was o b t a i n e d ; a n d s tront ium chromatosu lphate , Sr[CrO 3 (SO 4 ) ] , b y h e a t i n g t o 
160° for 3 h r s . a m i x t u r e of s t r o n t i u m s u l p h a t e a n d c h r o m i u m t r i o x i d e ; a n d 
s imi lar ly w i t h c a l c i u m chromatosulphate , Ca[CrO 3 (SO 4 ) ] . B . Cabre ra a n d S. P . de 
B u b i e s s t u d i e d t h e magne t i c p rope r t i e s of t h e p r o d u c t s fo rmed b y t h e a d d i t i o n 
of su lphur i c ac id t o t h e oxychromic sa l t s . 
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§ 30. The Complex Salts of Chromic Sulphates 
T h e m o s t i m p o r t a n t c o m p l e x s u l p h a t e s a r e t h e c h r o m e - a l u m s in w h i c h t e r v a l e n t 

c h r o m i u m rep laces a l u m i n i u m in t h e o r d i n a r y a l u m s , so t h a t t h e gene ra l f o r m u l a 
for t h e series is R ,

2 S 0 4 . C r 2 ( S 0 4 ) 3 . 2 4 : H 2 0 , or R ' C r ( S 0 4 ) 2 . 1 2 H 2 0 . A . Mi t scher l i ch * 
prepared ammonium chromium sulphate, or ammonium disulphatochromiate, 
( N H 4 ) 2 S 0 4 . C r 2 ( S 0 4 ) 3 . 2 4 H 2 0 , or ( N H 4 ) C r < S 0 4 ) 2 . 1 2 H 2 0 , b y m i x i n g a s u l p h u r i c a c i d 
soln. of v io le t c h r o m i c s u l p h a t e w i t h a m m o n i a ; A. S c h r o t t e r , b y a d d i n g a m m o n i u m 
s u l p h a t e t o a c o n e . so ln . of v io l e t c h r o m i c s u l p h a t e w h e n c r y s t a l s of t h e a m m o n i u m 
c h r o m e - a l u m a r e p r e c i p i t a t e d , a n d J . I J . H o w e a n d E . A . O 'Nea l , b y t h e e lec t ro lys is 
of a so ln . of a m m o n i u m c h r o m a t e in su lphur i c a c i d — t h i s sa l t col lects a t t h e n e g a t i v e 
po le . J . H e r t k o r n p r e p a r e d i t a s in t h e case of t h e p o t a s s i u m salt-—vide infra. 
A. Mi t scher l i ch f o u n d t h a t t h e c ry s t a l s a re r egu l a r o c t a h e d r a , w i t h sur faces of 
cubes a n d d o d e c a h e d r a . T h e c leavage on t h e o c t a h e d r a l face is i n d i s t i n c t . 
T. K l o b b p r e p a r e d sol id soln. of a m m o n i u m c h r o m i c a l u m w i t h a m m o n i u m ferr ic 
a n d w i t h a m m o n i u m a l u m i n i u m a l u m s . W . H a i d i n g e r f o u n d t h e c ry s t a l s t o b e 
v io l e t -b lue pas s ing i n t o co lumbine - red ; a n d , a d d e d A. S c h r o t t e r , t h e y a r e r u b y - r e d 
b y t r a n s m i t t e d l igh t . T h e y a r e m o d e r a t e l y t r a n s p a r e n t , a n d h a v e a swee t i sh 
sa l ine t a s t e . A. S c h r o t t e r g a v e 1-736 for t h e sp . gr . a t 21° ; O. P e t t e r s s o n , 1-728 
a t 2 0 ° ; a n d J . H . G lads tone , 1-719. G. T. Ger l ach f o u n d t h e sp . gr . of v io le t 
soln. c o n t a i n i n g 2-195, 4-390, a n d 6-585 p e r c e n t . ( N H 4 ) C r ( S 0 4 ) 2 a r e r e spec t i ve ly 
1-0200, 1-0405, a n d 1-0610 a t 15°/15° ; a n d w i t h g reen soln. a t 15°/15°, 

(ISrH4)Cr(SO4), 5-487 10-974 10-461 27-435 38-409 49-383 per cent-
Sp . gr. . . 1-044 l-OOl 1-142 1-255 1-384 1-532 

T h e s p . gr . of t h e s a t . v io le t soln. is 1-070 a t 15 0 /15° . P . A. F a v r e a n d C. A. Va l son 
s t u d i e d t h e change in vol . which occurs w h e n t h i s a l u m passes i n t o soln. H . C. J o n e s 
a n d E . M a c k a y found t h e lower ings of t h e f.p. p r o d u c e d b y a m m o n i u m c h r o m e 
a l u m for 0-097, 0-0484, a n d 0-0291 p e r cen t . soln . a r e , r e spec t ive ly , 7-92, 8-26, a n d 
9*14, a n d the se va lues a re a b o u t 0-8 less t h a n t h e s u m of t h e v a l u e s of t h e con­
s t i t u e n t s . Th i s m e a n s t h a t t h e f .p. of t h e soln . conf i rm t h e ev idence f r o m t h e 
c o n d u c t i v i t y d a t a , t h a t a l u m molecules ex i s t t o some e x t e n t in t h e m o r e cone , 
soln. Accord ing t o A. S c h r o t t e r , t h e sa l t effloresces superficial ly in air , a n d b e c o m e s 
c o v e r e d w i t h a pea r l -g rey p o w d e r . T h e m . p . is 100°. J . L o c k e g a v e 94° for t h e 
m . p . A . S c h r o t t e r obse rved t h a t t h r e e - f o u r t h s of t h e w a t e r of c rys t a l l i za t ion is 
evo lved w h e n t h e sa l t me l t s , a n d t h e l iquid shows n o s igns of d i ch ro i sm ; i t 
solidifies t o a pa l e g reen m a s s which gives off i t s r e m a i n i n g w a t e r a b o v e 300° . 
G. D . v a n Cleeff said t h a t half i t s c o m b i n e d w a t e r is los t ove r s u l p h u r i c ac id , a n d 
a t 100°, five-sixths is g iven off. F . E p h r a i m a n d P . W a g n e r f o u n d t h a t t h e 
v a p . press . , p m m . , of t h e sa l t is : 

60° 60-5° 72° 80° 80-5° 86° 
p . . 40 80 162 244 260 326 m m . 

H . C. J o n e s a n d E . M a c k a y found t h a t t h e f .p. of soln. w i t h 92-740, 27-822, a n d 
5-564 g r m s . of (NH 4 )Cr ( S 0 4 ) 2 . 1 2 H 2 O p e r l i t r e a r e , r e spec t ive ly , 0-768°, —0-266°. 
a n d —0-064°. P . A. F a v r e a n d C. A . Va l son g a v e for t h e h e a t of soln. of a m o l 
of t h e s u l p h a t e —9-628 CaIs. a t 8° t o 10° ; a n d —9-889 CaIs. a t 19° t o 21° . T h e y 
a lso found for t h e h e a t of p r e c i p i t a t i o n of a fresh v io le t soln. of a m o l of a m m o n i u m 
c h r o m e - a l u m , 14-636 CaIs., a n d a f t e r t h e l apse of 14 d a y s , 13-9 CaIs. T h e cor re ­
s p o n d i n g v a l u e for a g reen soln. is 7-641 CaIs. C. So re t g a v e for t h e i n d e x of 
re f rac t ion , /u,, b e t w e e n 7° a n d 14°, for l i g h t of different w a v e - l e n g t h s , A, 

A . O-line F-line J3-line jEMine Z>-line <7-line J9-line A -line 
p . 1-49594 1-49040 1-48794 1-48744 1-48418 1-48125 1-48014 1-47911 

J . H . G l a d s t o n e g a v e (/j,—1)/Z>=0-2781 for t h e s p . r e f rac t ion for t h e A-l ine ; a n d 
(fJ-ji—/Ltc/)/-D—0-0104 for t h e s p . d i spers ion . J . M. H i e b e n d a a l , a n d H . S a u e r 
s t u d i e d t h e a b s o r p t i o n s p e c t r u m of a m m o n i u m c h r o m e - a l u m . 
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H . C. J o n e s a n d E . M a c k a y m e a s u r e d t h e mol . e lect r ical c o n d u c t i v i t y , fM m h o s , 
of t h e v io le t soln. ; a n d H . H . Hosford a n d H . C. J o n e s g a v e for soln. w i t h a m o l 
of t h e v io le t s a l t in v l i t res b e t w e e n 0° a n d 35°, a n d S. F . H o w a r d a n d H . C. J o n e s , 
b e t w e e n 35° a n d 65°, 

. 
0° 

12-5° 
25" 
35" 
65" 
35" 
Q5° 

8 
82-4 
113-1 
145-9 
169-8 
245-O 
25-3 
23-3 

16 
94-6 
181-0 
169-6 
197-9 
288-8 
29-5 
27-5 

32 
107-1 
149-1 
193-8 
228-6 
333-5 
34-1 
31-7 

128 
137-6 
194-5 
255-7 
302-7 
459-1 
45-1 
43-7 

512 
176O 
253-O 
341-2 
410-2 
649-O 
61-1 
61-8 

1024 
198-8 
289-3 
395-3 
483-1 
754-8 
72-0 
71-9 

2048 

577-4 
897-3 
80-0 
85-4 

4096 
259-O 
378-O 
523-5 
671-2 
1050-3 
IOOO 
lOO-O 

T h e v a l u e s a t t h e h ighe r t e m p , a r e of course affected b y t h e presence of x pe r cen t , 
of t h e g reen sa l t , a refers t o t h e ca l cu l a t ed p e r c e n t a g e ion iza t ion . T h e corre­
s p o n d i n g va lues for g reen soln. were : 

„ 

0° 
12-5° 
25° 
35° 
G5a 

35° 
65° 

8 
103-6 
133-2 
162-9 
194-O 
25O-7 
32-9 
23-6 

16 
119-7 
155-4 
190-6 
229-8 
299-6 
3 9 O 
28-3 

32 
136-4 
178-2 
220-8 
268-O 
352-2 
45-4 
33-2 

128 
172-3 
228-4 
288-1 
355-6 
489-8 
6O-3 
46-1 

512 
202-6 
274-4 
355-7 
446*1 
673-8 
75-6 
63-5 

1024 
215-6 
294-2 
386-2 
492-2 
789-6 
83-4 
74-4 

2048 
2220 
313-5 
414-0 
537-1 
924-3 
911 
871 

4096 
234-4 
328-4 
458 1 
589-8 
1061-7 
10OO 
1000 

H-

Accord ing t o A. S c h r o t t e r , a m m o n i u m c h r o m e - a l u m dissolves in cold w a t e r 
fo rming a b lu ish-v io le t soln. Alcohol p r ec ip i t a t e s t h e a l u m from i t s v iole t soln. 
A t a b o u t 75° or 80°, t h e b lu ish-v io le t a q . soln. a s sumes a grass-green colour owing 
t o s o m e molecu la r change , so t h a t t h e soln. on e v a p o r a t i o n does n o t yie ld c rys ta ls , 
b u t d r ies t o a g reen m a s s ; n o r does t h e green soln. g ive a p r ec ip i t a t e w i t h alcohol, 
b u t i t e i t he r m i x e s w i t h i t , or forms a s u b s t r a t u m w i t h t h e alcohol floating on t h e 
sur face . If t h e g reen soln. is d i l u t ed w i t h w a t e r , a n d left t o s t a n d for t e n d a y s , 
t h e v io le t a l u m is g r a d u a l l y r e p r o d u c e d . W h e n a soln. of t h e v iole t a l u m is m i x e d 
w i t h a n excess of su lphu r i c ac id , t h e n t r e a t e d w i t h alcohol , t h e green soln. decan ted 
f rom t h e p r e c i p i t a t e d b lue sal t , a n d m i x e d w i t h so m u c h a m m o n i a t h a t i t still 
r e m a i n s s l ight ly acid, a d a r k green , h igh ly ac id soln. se t t les t o t h e b o t t o m . W h e n 
t h i s soln. is a l lowed t o s t a n d for a long t i m e , i t decolorizes, a n d a l igh t g reen sa l t 
is depos i t ed . I t h a s t h e compos i t ion 1 4 ( N H 4 ) 2 S 0 4 . C r 2 ( S 0 4 ) 3 . 3 H 2 S 0 4 . 3 3 H 2 0 . 
J . L o c k e found t h a t a t 25° a l i t re of w a t e r dissolves 212-1 g r m s . of 
( N H 4 ) C r ( S 0 4 ) 2 . 1 2 H 2 0 , or 107-8 g rms . , i.e. 9-75 pe r cen t , of (NH 4 )Cr(SO 4J 2 . As 
in t h e case of t h e c h r o m i u m sa l t s p rev ious ly discussed, t h e soln. of t h e viole t sa l t 
in w a t e r invo lves a s t a t e of equ i l ib r ium b e t w e e n t h e green a n d t h e v iole t forms, 
a n d t h i s is d e p e n d e n t on t h e t e m p . T h e t i m e r equ i r ed for equ i l ib r ium is r ep r e sen t ed 
b y t h e following o b s e r v a t i o n s of I . K o p p e l on t h e solubil i t ies, 3 g r a m s of 
(NH 4 )Cr (SO 4 J 2 p e r 100 g r m s . of soln., af ter t h e lapse of t h e s t a t e d in t e rva l s of 
t i m e : 

Time 

# 
C o° 
1 30° 
(.40° 

2-5 
3-82 
10-6 
15-5 

20 
3-68 
11-9 
19-3 

50 
3-73 

13-12 
21-6 

100 

16-25 
22-8 

200 
— 
15-2 
24-5 

30O 

15-7 

4OO 
—. 
16-O 
24-8 

QO lirs 

3-77 
16 OO 
24*70 

H e inferred f rom c o n d u c t i v i t y a n d f.p. d e t e r m i n a t i o n s t h a t a t 0° a sa t . soln. 
of t h e v iole t a l u m h a s 3-8 pe r cen t , of (NH 4 )Cr(SO 4 J 2 ; a n d a t 40°, after t h e elapse 
of 2O d a y s t h e s a m e soln. is in equ i l ib r ium when a b o u t 52 p e r cent , of t he solute 
is i n t h e v io le t fo rm a n d 48 p e r cent , in t h e green form ; while a t 55°, equi l ibr ium 
occurs w h e n 39 per cent , of v io le t a l u m a n d 61 per cen t , of g reen a l u m are presen t . 
S imi la r d a t a were o b t a i n e d w i t h cone. soln. T h e ca lcula t ions a s sume t h a t ouly 
one v a r i e t y of t h e green sa l t is p roduced . 

A n h y d r o u s or d e h y d r a t e d a m m o n i u m c h r o m e - a l u m was ob t a ined b y M. T r a u b e 
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b y m e l t i n g c h r o m i c ox ide o r a c h r o m i c sa l t w i t h a n excess of a m m o n i u m s u l p h a t e . 
I t w a s also p r e p a r e d b y T. K l o b b — v i d e infra, t h e a m m o n i u m t r i s u l p h a t o c h r o m i a t e . 
T h e sa l t a p p e a r s i n h e x a g o n a l p l a t e s , o r a s a pa l e g reen p o w d e r wh ich , a c c o r d i n g 
t o P . A. F a v r e a n d C. A. Valson, h a d a s p . g r . of 2-472 a t 21-9°. M. T r a u b e f o u n d 
t h a t t h e sa l t does n o t m e l t n o r y e t d e c o m p o s e a t 350°. I t r e d d e n s w h e n h e a t e d . 
I t is insoluble i n cold w a t e r ; a n d i t is n o t a t t a c k e d b y boi l ing w a t e r , di l . bo i l ing 
a lkal i - lye , or ac ids , o r b y cone , hyd roch lo r i c ac id . T. K l o b b sa id t h a t i t 
is i s o m o r p h o u s w i t h t h e d e h y d r a t e d p o t a s h - a l u m a n d s o d a - a l u m s a n d w i t h t h e 
c o r r e s p o n d i n g a l u m i n i u m a n d ferr ic sa l t s . A. R e c o u r a o b t a i n e d w h a t h e r e g a r d e d 
as a p e n t a h y d r a t e , b y d e h y d r a t i n g a m m o n i u m c h r o m e - a l u m . 

W. Meyeringh obtained hydroxylamine chromium sulphate, or hydroxylamine 
^ulphatochromiate,(NH 3OH) 2S0 4 .Cr 2(S0 4) 3 .24H 20, or (NH 3 OH)Cr(S0 4 ) 2 .12H 2 0, 
in c u b i c c ry s t a l s , f rom a soln. of t h e c o m p o n e n t sa l t s . H . Saue r s t u d i e d t h e 
a b s o r p t i o n s p e c t r u m of t h i s sa l t a n d of t h e m e t h y l a m i n e . F . S o m m e r a n d 
K . Wei se p r e p a r e d hydraz ine c h r o m i u m su lphate , or h y d r a z i n i u m d i su lphato -
c h r o m i a t e , (N 2 H 5 )Cr (SO^) 2 . 12H 2 O, -which furn ishes d a r k v io le t o c t a h e d r a l c rys t a l s , 
freely soluble i n w a t e r . G. Canner i p r e p a r e d gu an id in e d i su lphatochromiate , 
(C 6 H 5 Ng) 2 .H 2 SO 4 -Cr 2 (SO 4 J 3 . 12H 2 O ; i t is i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g 
s u l p h a t o d i a l u m i n a t e . 

A . S c h r o t t e r p r e p a r e d s o d i u m c h r o m i u m sulphate , or s o d i u m d i su lphato ­
c h r o m i a t e , Na 2 SO 4 -Cr 2 (SO 4 J 3 . 24H 2 O, o r N a C r ( S 0 4 ) 2 . 1 2 H 2 0 , b y g r a d u a l l y m i x i n g 
a m o l of s o d i u m d i c h r o m a t e w i t h 3 mol s of cone , s u l p h u r i c ac id so as t o a v o i d 
m u c h h e a t i n g ; a d d i n g a lcohol , a n d t h e n a l lowing t h e soln . t o s t a n d . Def in i te 
c ry s t a l s we re n o t o b t a i n e d . E . I . Orloff p r e p a r e d t h e sa l t i n c rys t a l s b y t h e 
fol lowing p rocess : 

A d d 100 grms . of xy l ene , in small port ions a t a t i m e a n d with, cons tant stirring, t o a 
sealed flask conta in ing 300 grms. of sulphuric acid of sp . gr. l -§4 ; w h e n t h e x y l e n e has 
dissolved, a d d 295 grms. more of the acid, a n d pour t h e m i x t u r e in to a large porcelain 
dish conta in ing a l itre of water , an d add 375 grms . of finely powdered sod ium dichromate 
in smal l port ions a t a t i m e . The reduct ion t a k e s p lace in t h e cold, a n d i t is comple ted b y 
warming t h e l iquid w h i c h t h e n turns green. T h e so ln . i s t h e n evaporated t o 1339 grms . , 
an d t h e product poured in to flat porcelain dishes , covered, a n d left t o crystall ize at room 
t e m p . T h e smal l crysta ls can be recrystal l ized from water b y s lowly evaporat ing sat . so ln . 

A. S c h r o t t e r f o u n d t h a t t h e sa l t loses 16 mo l s . of w a t e r a t 100° ; a n d i t w e a t h e r s 
m o r e r a p i d l y i n a i r t h a n t h e a m m o n i u m or p o t a s s i u m sa l t . F . E p h r a i m a n d 
P . W a g n e r found t h e v a p . press . , p m m . , of t h e h y d r a t e t o b e : 

51° 63° 71° 76° 80° 82-5° 90° 
p . 4 3 83 122 162 241 25O 382 m m . 

T. K l o b b o b t a i n e d m i x e d c ry s t a l s of t h e a n h y d r o u s s o d i u m a n d a m m o n i u m 
c h r o m i u m s u l p h a t e s , ( N H 4 , N a ) S 0 4 . C r 2 ( S 0 4 ) 3 , b y m e l t i n g t o g e t h e r c h r o m i c s u l p h a t e 
or c h r o m e - a l u m -with a m m o n i u m a n d s o d i u m s u l p h a t e s . T h e h e x a g o n a l c r y s t a l s 
a re i s o m o r p h o u s w i t h t h e a n h y d r o u s a l u m s . A . N . B a c h f o u n d t h e t r a n s i t i o n 
t e m p , t o b e b e t w e e n 60° a n d 70°. 

Crys ta l s of p o t a s s i u m c h r o m e - a l u m , p o t a s s i u m c h r o m i u m su lphate , or p o t a s s i u m 
d i su lphatochromiate , K 2 S 0 4 . C r 2 ( S 0 4 ) 3 . 2 4 H 2 0 , or K C r ( S O 4 J 2 . 1 2 H 2 O , were first 
o b t a i n e d b y A. M u s s i n - P u s c h k i n ; a n d J . J . Berze l ius o b t a i n e d t h e v io le t c ry s t a l s 
b y t h e s p o n t a n e o u s e v a p o r a t i o n of a soln . of a m i x t u r e of t h e c o m p o n e n t sa l t s . 
A . S c h r o t t e r , a n d F . A. K o h r m a n a n d N . W . T a y l o r o b t a i n e d i t b y sa t . w i t h 
s u l p h u r d iox ide a sa t . soln . of p o t a s s i u m d i c h r o m a t e a n d cone , s u l p h u r i c ac id 
p r e p a r e d in t h e cold ; N . W . F i s che r , M. T r a u b e , a n d H . L o w e l u s e d a modi f ica t ion 
of t h e p rocess w i t h a lcohol a s r e d u c i n g a g e n t ; A . Lie legg u s e d oxa l ic ac id a s 
r e d u c i n g a g e n t , a n d , a d d e d E . A . W e r n e r , if t o o l i t t l e w a t e r b e p r e s e n t , a c o m p l e x 
o x a l a t e is fo rmed . G. S t ade l e r o b t a i n e d c h r o m e - a l u m as a b y - p r o d u c t in t h e 
p r e p a r a t i o n of a c e t a l d e h y d e . T h e m a n u f a c t u r e of c h r o m e - a l u m w a s desc r ibed 
b y P . H a s e n c l e v e r , e t c .—v ide supra, t h e e x t r a c t i o n of c h r o m i u m . J . H e r t k o r n 
o b t a i n e d i t b y t r e a t i n g a soln. of c h r o m i c s u l p h a t e in w a t e r or s u l p h u r i c ac id w i t h 
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p o t a s s i u m su lph i t e or h y d r o s u l p h i t e — w i t h or w i t h o u t t h e a d d i t i o n of a l i t t le 
n i t r a t e or n i t r i t e , a n d t h e n sub j ec t i ng i t t o t h e ac t ion of s u l p h u r d iox ide u n d e r 
o r d i n a r y a n d a n i nc reased p ress . H . C. S t a r c k descr ibed t h e p r e p a r a t i o n of a 
soln. f rom f e r roch romium, w h e r e t h e su lphur ic acid soln. of t h e a l loy is t r e a t e d 
wi th p o t a s s i u m d i c h r o m a t e , h e a t e d t o t h e b . p . a t a t m . press . , p r e fe rab ly w i t h t h e 
a d d i t i o n of s o d i u m c a r b o n a t e , or a t a h igher press . T h e i ron c o m p o u n d s a r e t h u s 
p rec ip i t a t ed , a n d t h e filtered soln . is t r e a t e d w i th p o t a s s i u m su lpha t e for c h r o m e a l u m . 
Processes were also desc r ibed b y A. W . Gregory , a n d O. Nydegger . H . C h a u m a t 
p r e p a r e d t h e sa l t b y t h e e lect rolysis of a soln. of p o t a s s i u m d i c h r o m a t e m i x e d 
w i t h su lphur i c ac id . T h e l iquor is c i r cu la t ed in t h e c a t h o d e c o m p a r t m e n t , wh ich 
is s e p a r a t e d f rom t h e a n o d e b y a p o r o u s vessel , t h e c a t h o d e pre fe rab ly cons is t ing 
of g r a p h i t e p o w d e r p a c k e d r o u n d a c a r b o n core . DiI . su lphur ic ac id is c i rcu la ted 
in t h e a n o d e c o m p a r t m e n t , a n d t o u t i l ize t h e S 0 3 - i on , wh ich is d i sengaged a t t h e 
a n o d e , t h e l a t t e r m a y t a k e t h e fo rm of a coppe r e lec t rode s u r r o u n d e d b y copper 
s h a v i n g s , w h e r e b y coppe r s u l p h a t e is f o rmed in t h e course of e lectrolysis . 
A. S t i a s sny , H . N . W a r r e n , F . A. R o h r m a n a n d N . W . Tay lo r , a n d A. Pol i s discussed 
t h e f o r m a t i o n of la rge c ry s t a l s of t h e sa l t . E . S. H e d g e s a n d J . E . Myers s t u d i e d 
t h e per iod ic c rys t a l l i z a t i on of t h i s sa l t . Ana lyses were m a d e b y N . W . F ischer , 
a n d P . de Boiss ieu. E . J . M a u m e n e found t h a t t h e ana lyse s i n d i c a t e d b e t w e e n 
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O ZO 40 6O 80 /OO 
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F1TG. 8 1 . C o m p o s i t i o n of S o l u t i o n a n d S o l i d 
JVt ix tu re s of P o t a s s i u m C R r o r r i i u m an<i 
P o t a s s i u m A l u m i n i u m A l u m s . 

O 2O 4O 60 80 /OO 
AfoLar per cent. Cr-aium 

.K.IG. 8 2 . — - V a p o u r * P r e s s u r e s of M i x t u r e s of 
P o t a s s i u m C h r o m i u m in P o t a s s i u m A l u ­
m i n i u m A l u m s . 

23-9 a n d 24*1 mols . of wa t e r , a n d V. A. J a c q u e l a i n , 22 m o l s . — b u t th i s n u m b e r 
p r o b a b l y refers t o t h e p a r t l y effloresced sal t . T. I s h i k a w a s tud ied t h e rec iprocal 
s a l t p a i r ( K 2 , ( N H 4 ) J - { ( 8 O 4 ) , ( C r O 4 ) ) a t 25° ; a n d A. Fock , a n d O. T a m m a n n and 
A. S w o r y k i n , i s o m o r p h o u s m i x t u r e s w i t h p o t a s h - a l u m . H. H o l l m a n n ' s observa­
t i o n s on t h e compos i t ion of t h e solid soln. a n d mothe r - l i quor for po t a s s ium c h r o m i u m 
a n d p o t a s s i u m a l u m i n i u m a l u m s a re s u m m a r i z e d in F ig . 81 , and his obse rva t ions 
on t h e v a p . press , of t h e solid soln. in F ig . 82. There a re t w o m i n i m a , a n d one 
m a x i m u m in t h e c u r v e . 

T h e o c t a h e d r a l , cub ic c ry s t a l s a r e v io le t t o b l ack in colour, a n d a p p e a r r u b y - r e d 
in t h i n l a y e r s ; a n d J . H . K a s t l e found t h a t t h e i n t e n s i t y of t h e colour is very 
m u c h r e d u c e d a t l i qu id a i r t e m p . F . K locke , C. F . R a m m e l s b e r g , C. v o n H a u e r , 
a n d J . W . R e t g e r s s h o w e d t h a t t h e c rys ta l s a re i s o m o r p h o u s w i t h o t h e r a lums , for 
t h e y s h o w s imi lar cor ros ion figures. E . D i t t l e r o b t a i n e d ove rg rowth wi th 
p o t a s s i u m a l u m i n i u m , su lpha t e . T. V. B a r k e r found a close connec t ion be tween 
pa ra l l e l o v e r g r o w t h s in c h r o m e - a l u m , p o t a s h - a l u m , a n d a m m o n i a - a l u m a n d t h e 
m o l . vo l s wh ich a r e r e spec t ive ly 542-2, 541-6, a n d 552-2. C. v o n H a u e r found t h a t 
w i t h t h e i n t r o d u c t i o n of a c rys t a l of i ron -a lum in a s a t . soln. of c h r o m e - a l u m near ly 
all t h e l a t t e r s e p a r a t e s o u t ; whi le Li. d e B o i s b a u d r a n found t h a t a sa t . soln. of 
bas ic a m m o n i u m a l u m i n i u m a l u m does n o t affect t h e o c t a h e d r a l faces of t h e 
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c r y s t a l , b u t t h e cubic faces a r e slowly a t t a c k e d . K . G r i n a k o w s k y f o u n d t h a t 
different faces of t h e c r y s t a l d o n o t al l possess t h e s a m e solubi l i t ies , a n d t h a t 
t h e degree of supe r s a t u r a t i o n h a s different v a l u e s for t h e different faces of t h e 
p o l y h e d r o n , a n d is d e p e n d e n t o n t h e t e m p . A t low t e m p . , t h e edges a n d ang les 
a re t h e less soluble ; a n d a t h i g h t e m p . , t h e faces ; t h e edges of o b t u s e ang les 
a re more s t ab l e t h a n t h e s u m m i t s of four-faced angles a t low t e m p . , wh i l s t a t 
h igh t e m p , t h e reverse app l ies . P . N . PawlofFs s t a t e m e n t , t h a t t h e surface l aye r 
of a c rys ta l l ine s u b s t a n c e is vec to r i a l i n c h a r a c t e r a n d influences t h e d i rec t ion 
a n d genera l course of t h e de fo rma t ion , appl ies t o some e x t e n t , especia l ly i n t h e 
case of t w i n n i n g d e f o r m a t i o n . T h e l a t t e r i nd i ca t e s t h e ex is tence of a t e m p e r a t u r e -
l im i t for a poss ible e q u i l i b r i u m of t h e r.ystem c r y s t a l - m o t h e r l iquor , t h e surface 
ene rgy be ing , for a g iven c rys ta l lograph ic form, a m a x i m u m . T h e d i rec t ion a n d 
course of t h e d e f o r m a t i o n of c rys t a l s of c h r o m e - a l u m s h o w t h a t t h e o c t a h e d r o n 
is t h e m o s t s t ab l e form, a n d is followed in o rde r b y t h e r h o m b i c d o d e c a h e d r o n , 
cube , a n d t r a p e z o h e d r o n . T h e c rys t a l s were s t u d i e d b y E . S. v o n Fedoroff. 

IJ. V e g a r d a n d H . Schje lderup o b t a i n e d X - r a d i o g r a m s of t h e a l u m s , a n d d e d u c e d 
p r o b a b l e a r r a n g e m e n t s for t h e m e t a l , su lphur , a n d oxygen a t o m s in t h e space-
l a t t i ce . T h e y a d d e d t h a t t h e c rys t a l m o d e l d iv ides t h e 24 mols . of w a t e r i n t o s ix 
g roups , which g roups a re cubica l ly d isposed w i t h reference t o t h e four t e t r a h e d r a l l y 
a r r a n g e d a t o m s of su lphur . T h e m o d e l m a k e s n o d i s t i n c t i o n b e t w e e n t h e w a t e r 
of c rys ta l l i za t ion a n d t h e o t h e r c o n s t i t u e n t s of t h e a l u m . A n y h y p o t h e s i s wh ich 
wou ld d i s t ingu i sh t h e w a t e r of c rys ta l l i za t ion f rom w a t e r of c o n s t i t u t i o n could n o t 
be reconci led w i t h t h e obse rved re la t ions b e t w e e n t h e h igh- f requency reflection 
spec t r a . T h e r e m o v a l of t h e w a t e r of c rys ta l l i za t ion is necessar i ly a c c o m p a n i e d 
b y t h e d e s t r u c t i o n of t h a t s t r u c t u r e which is cha rac t e r i s t i c of t h e h y d r a t e d sa l t . 
T h e u n i t h e x a g o n a l cells of t h e a n h y d r o u s sa l t furn ished «==4-737 A. , a n d 
c—8-030 A., a n d each u n i t cell c o n t a i n s one mo l . of rvCr (S0 4 ) 2 . J . M. Cork f o u n d 
t h a t t h e u n i t cubic cell h a s a —12-20 A., a n d t h a t t h e r e a r e four mols . p e r cell. 
T h e e igh t m e t a l a t o m s t a k e pos i t ions a t t h e corners , c en t r e , c e n t r e of faces, a n d 
m i d - p o i n t s of t h e edges of t h e cell m a k i n g a rock sa l t a r r a n g e m e n t of t h e u n i v a l e n t 
a n d t e r v a l e n t m e t a l s . C. Schaefer a n d M. S c h u b e r t , L . V e g a r d a n d E . E s p , 
L*. Vega rd a n d A. M a u r s t a d , a n d L . V e g a r d d iscussed t h i s sub jec t . 

H . Schiff found t h e s p . gr. t o be 1-845 ; Li. P layfa i r a n d J . P . J o u l e , 1-856 ; 
H . K o p p , 1-848 ; J . D e w a r , 1-834 a t —188°, a n d 1-82 a t 17° ; O. P e t t e r s s o n , 1-842 
a t 20-8° ; J . H . Glads tone , 1-817 ; while W . Sp r ing g a v e 

0° 1()° 20° 30° 40° 50° 60° 
Sp. gr. . 1-8308 1-8282 1-8278 1-8274 1-8269 1-8259 1-8202 

Accord ing t o E . Moles a n d M. Crespi, t h e sp . gr. a n d mol . vol . , a t 25°/4°, of 
KCr(SO4) , , a r e 2-548 a n d 111 r e s p e c t i v e l y ; of K C r ( 8 O 4 ) 2 . H 2 O , r e spec t ive ly 2 '482 
a n d 12O ; of K[Cr (H 2 O) 6 ] (SO 4 J 2 , r espec t ive ly 2-17 a n d 180 ; a n d of 
KJCr (H 2 O) 6 ] (SO 4 J 2 . 6H 2 O, 1-834 a n d 272. B . F r a n z found t h e sp . gr . of soln . 
wi th t h e following n u m b e r of g r a m s of K C r ( S O 4 J 2 . 1 2 H 2 O p e r 100 g r m s . of soln. , 
t o be a t 17-5°, 

S a l t . 5 IO 2 0 3O 4 0 5 0 OO 7O per cent. 
Sp. pr. . 10174 10342 10746 1-1274 1-1896 1-2894 1-4566 1-6362 

while Gr. T . Ger lach g a v e for v io le t soln. w i t h 2-84, 5-68, a n d 8-52 p e r cen t , of t h e 
a n h y d r o u s sal t , r espec t ive ly 1-0275, 1-055, a n d 1-0835 a t 15°/15° ; a n d for t h e g reen 
soln. : 

KLCr(SOJ2 5-68 11-36 17-03 22-71 28-39 3407 39-74 45-42 5110 
Sp. gr. . 1-050 1-103 1161 1-225 1-295 1-371 1-453 1-451 1*635 

so t h a t t h e sp . gr . of t h e viole t soln. is g r e a t e r t h a n is t h e case w i t h t h e g reen soln . 
M. A. H a k u z i n a n d co-workers found t h a t a sa t . soln. of t h e g reen a l u m h a s 114-19 
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p a r t s of sa l t p e r 100 p a r t s of w a t e r a t 20°, a n d t h e sp . gr. of t h e s a t . soln. is 1-6683-
F o r a c o n c e n t r a t i o n O p e r cent . , 

C . 5 10 2 0 4 0 6O 8 0 1 0 0 11419 per cent. 
Sp .g r . 1-0378 10641 11076 11623 1-2531 1-3524 1-4404 1-6683 

T h e sp . gr . of t h e soln. does n o t inc rease p ropo r t i ona l ly w i t h c o n c e n t r a t i o n , a n d 
soln . of t h e s a m e cone , m a d e w i t h different samples of a l u m h a v e different sp . g r . 
T h i s is a t t r i b u t e d t o differences in t h e r e l a t ive p ropo r t i ons of t h e green a n d v io le t 
sa l t s i n t h e different soln. K . G r i n a k o w s k y found a t r a n s i t i o n t e m p , a t 78° ; 
a n d C. M o n t e m a r t i n i a n d Li. L o s a n a , a t 77°. P . A. F a v r e a n d C. A. Valson, a n d 
G. B e c k s t u d i e d t h e vo l . c h a n g e s wh ich occur w h e n t h e a l u m dissolves. J . Becken-
k a m p f o u n d t h e e las t ic m o d u l u s of t h e c rys t a l s p e r p e n d i c u l a r t o t h e cubic surface 
t o b e 1608 k g r m s . p e r sq . m m . ; p e r p e n d i c u l a r t o t h e dodecahed ra l surface, 1771 
k g r m s . p e r sq . m m . ; a n d p e r p e n d i c u l a r t o t h e o c t a h e d r a l surface, 1832 k g r m s . 
p e r sq . m m . A. F e r r e r o o b s e r v e d t h a t for a 13*75 pe r cen t , soln., a t 2 0 5 ° , t h e 
v i scos i ty is 0-01261 G.G-.S. u n i t s for t h e v io le t soln. , a n d 0-1185 for t h e green soln. 
p r e p a r e d a t 8 0 ° ; s imi la r ly fo r a 20-5 p e r c e n t . soln . a t 20-5°, 0-01417 for t h e v iole t soln. 
a n d 0-01294 for t h e green soln. p r e p a r e d a t 80°. T h e difference b e t w e e n t h e green 
a n d v io le t soln. decreases w i t h inc reas ing d i lu t i on . H . F . d ' A r c y m a d e obse rva t ions 
o n t h i s sub jec t . Y. Rudorff f o u n d t h a t in di l . soln. , t h e p o t a s s i u m s u l p h a t e 
diffuses m o r e r a p i d l y t h a n t h e c h r o m i u m s u l p h a t e ; a n d D . M. T o r r a n c e a n d 
N . K n i g h t , G. D . v a n Cleeff, a n d M. E . D o u g a l obse rved t h a t i n t h e dialysis of t h e 
g r een soln. , m o r e su lphu r i c ac id passes t h r o u g h t h e m e m b r a n e t h a n is t h e case 
w i t h t h e v io le t soln . C. M o n t e m a r t i n i a n d L*. L o s a n a s t u d i e d t h e viscos i ty of 
t h e soln. P . W . B r i d g m a n g a v e for t h e compres s ib i l i t y of c h r o m e - a l u m a t 30°, 
—oV/t>0=64-86 X 1 0 - 7 ^ — 112-5 X lO^^pK 

W . S p r i n g g a v e for t h e t h e r m a l e x p a n s i o n t h e l inear coeff. 0-04246 b e t w e e n 
0° a n d 60°. H . K o p p found t h e sp . h t . t o b e 0-324. A . E u c k e n a n d G. K u I m 
f o u n d t h e sp . h t . a t —190° t o b e 0-00242, a n d t h e va lue a t 0°, 0-00426. Accord ing 
t o C. P a p e , t h e c ry s t a l s a r e s t ab l e in air ; b u t u n i n j u r e d c rys t a l s effloresce a t 29°. 
N . W . F i sche r a d d e d t h a t w h e n t h e sa l t is i m p u r e i t will effloresce on t h e surface 
w h e n exposed t o air , a n d , if c h r o m i c s u l p h a t e be in excess , i t will a s s u m e a green 
colour , a n d a v io le t colour if t h e p o t a s s i u m s u l p h a t e p r e d o m i n a t e s . G. D . v a n 
Cleeff, a n d J . J u t t k e obse rved t h a t t h e sa l t loses 12 t o 13 mols . of w a t e r 
w h e n confined ove r s u l p h u r i c acid , in v a c u o ; a n d H . Lowel a d d e d t h a t a s imi lar 
a m o u n t is los t o v e r qu i ck l ime , o r cone , su lphu r i c ac id , a t 25° t o 30°, a n d no more 
is los t b y t h e g r a n u l a r m a s s a t 80° t o 90° ; a t 100° or over , i t loses m o r e w a t e r a n d 
b e c o m e s green . J . J u t t k e obse rved t h a t al l t h e w a t e r c an be expel led a t 100° 
w i t h o u t t h e a l u m b e c o m i n g inso luble or d e c o m p o s i n g ; a n d G. D . v a n Cleeff obse rved 
a loss of 21 mo l s . of w a t e r a t 110°. W . Mul l e r -Erzbach found t h a t a t 0*49 m m . press . 
a n d 27-8°, half t h e w a t e r of c rys ta l l i za t ion is g iven off, a n d t h e res idue w h e n k e p t 
7 d a y s a t 30° loses v e r y l i t t l e m o r e wa te r . F o r t h e dissocia t ion press . , p mm. 
in t h e r e a c t i o n : K C r ( S 0 4 ) 2 . 1 2 H 2 O ^ K C r ( S 0 4 ) 2 . 6 H 2 0 + 6 H 2 0 , H . Lesca-ur a n d 
D . M a t h u r i n obse rved ^ — 3-7 a t 10° ; 6-0 a t 15° ; 9-1 a t 20° ; 12-3 a t 25° ; 10-7 
a t 30° ; a n d 23-8 a t 35° ; whi le F . E p h r a i m a n d P . W a g n e r g a v e 

31° 40° 50° 55° 00° 70° 73° 77-5° 7?»° 
p . 15 31 03 86 119 202 224 25O 2(>G 

K. H o l l m a n n g a v e p^-13-2 m m . a t 17 to 19° ; a n d he also o b t a i n e d values 
for solid soln. of t h e c h r o m i u m a n d a l u m i n i u m a l u m s . H . Ijescarur a n d 
D . M a t h u r i n found t h a t o v e r cone, su lphu r i c ac id t h e a l u m loses half i t s w a t e r 
of c rys ta l l i za t ion a n d passes i n t o a l i lac-coloured p o w d e r which does n o t lose i t s 
co lour a t 75°. A t 20°, t h e dissocia t ion press . , p m m . of t h e mois t a lum, 
KCr(SO^) 2 : WH2O, is 15-25 m m . for w = 13-05, a n d 15-O for w = 1 2 - 3 ; for n^=121y 
j p = 9 . 8 , a n d t h e v io le t p o w d e r p r o d u c e d w h e n w ^ l l - 8 , h a s ^ = 9-1. This va lue 

Sp.gr
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of p r e m a i n s a p p r o x i m a t e l y c o n s t a n t u p t o n==6-01. W h e n n = 5 - 7 2 , a l i lac p o w d e r 
is fo rmed wi th p=3-29 a n d for w = 5 - 4 , ^ = 3 - 2 . W h e n n = 3 - 9 2 , p is less t h a n 1*5 ; 
a n d when n=2-3b, p is less t h a n 1-0. T h e w = 6 - h y d r a t e w a s found b y A, Recoura 
t o lose no w a t e r b e t w e e n 80° a n d 90°, b u t a t 110° i t gives off 4 mols . and b ecomes 
green . A. Beu te l found t h a t t h e ve loc i ty w i t h wh ich w a t e r is expel led is acce le ra ted 

b y expos ing t h e c rys t a l s t o vis ible 
a n d u l t ra -v io le t l igh t . Obse rva t i ons 
on t h e dissocia t ion of the a lums 
were also m a d e b y E . J . M a u m e n e , 
a n d P . d e Boissieu. W h e n t h e sa l t 
is h e a t e d t o 200°, N . W . F ischer , and 
C. H e r t w i g found t h a t 22 mol s . of 
w a t e r a r e g iven off, a n d t h e re­
m a i n d e r b e t w e e n 300° a n d 400°. 
E . Moles a n d M. Crespi found t h a t 
t h e sa l t K [ C r ( H 2 O ) 6 ] ( S 0 4 ) 2 . 6 H 2 0 
loses a b o u t 5*9 mols . of w a t e r a t 

whi le K[Cr (H 2 O) 6 ] (SO 4 ) 2 loses 5-30 mols . of w a t e r a t 1 4 0 ° ; a n d 
Accord ing t o H . Lidwel, w h e n t h e sa l t 

i t furnishes t h e a n h y d r o u s soluble 
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Fict. 8 3 . — T h e A c t i o n of H e a t on P o t a s s i u m 

C h r o m e - a l u m . 

18°, a n d a t 60 
K C r ( S 0 4 ) 2 . H 2 0 loses 0-9 mol . a t 350°. 
is g r a d u a l l y h e a t e d b e t w e e n 300° a n d 350' 
s a l t ; b u t ove r 350°, w i t h o u t losing m u c h weigh t , i t fo rms t h e yel lowish-green 
inso luble sa l t . IT. KLrauss a n d co-workers ' obse rva t ions on t h e effect of h e a t o n 
p o t a s h - c h r o m e - a l u m can b e r ep re sen t ed b y F ig . 8 3 . T h e a n h y d r o u s sa l t begins 
t o lose s u l p h u r t r i ox ide a t 612°. 

T h e sa l t m e l t s in i t s w a t e r of c rys ta l l i za t ion a t 80° t o 90°. W . A . Ti lden, a n d 
J . L o c k e g a v e 89° for t h e m . p . H . C. J o n e s a n d E . M a c k a y found for t h e f .p. 
of soln. of 117-44, 29-36, a n d 5-872 g rms . of K C r ( S 0 4 ) 2 . 1 2 H 2 0 i n a l i t r e of w a t e r , 
t h e r e spec t ive va lue s —0-888°, —0-267°, a n d —0-065°. 

J . T h o m s e n found t h e h e a t of soln. for a mol of K C r ( S 0 4 ) 2 . 1 2 H 2 0 t o be —9-564 
CaIs. a t 8° t o 11° ; a n d P . A. F a v r e a n d C. A. Valson, —9-651 CaIs. a t 8° t o 11° ; 
a n d —9-499 CaIs. a t 19° t o 21°. Cone. soln. were found t o g ive a l m o s t t h e s a m e 
n u m b e r s , b u t t h e p a r t i a l l y d e h y d r a t e d sa l t gave 3-825 CaIs. H . I iowel, a n d 
W. R . W h i t n e y f o u n d t h a t b a r i u m chlor ide p r e c i p i t a t e s all t h e s u l p h a t e f rom t h e 
v io le t soln. in t h e cold ; a n d P . A. F a v r e a n d C. A. Va lson obse rved t h a t for a 
mol of K C r ( S 0 4 ) 2 , t h e h e a t of p rec ip i t a t ion is 14-767 CaIs. T h e h e a t r equ i r ed 
for p r e c i p i t a t i o n of t h e first half of t h e S O 4 is 7-514 CaIs., a n d for t h e second half, 
7*388 CaIs. ; s imi lar ly , for successive q u a r t e r s , t h e h e a t s of p r e c i p i t a t i o n a re 
respec t ive ly 3-68O, 3-702, 3-665, a n d 3-699 Gals. P . A. F a v r e a n d C. A . Valson , 
a n d W . H . W h i t n e y found t h a t on ly half t h e s u l p h a t e is p r e c i p i t a t e d a t once f rom 
t h e green, modif ied soln . T h e t o t a l h e a t of p rec ip i t a t ion w a s found b y P . A. F a v r e 
a n d C. A . Valson t o b e 8-251 CaIs. p e r m o l of K C r ( S 0 4 ) 2 , a n d for t h e first a n d 
second ha lve s 8-142 CaIs a n d 0-204 CaIs. respec t ive ly ; whi le for t h e first, second, 
a n d t h i r d q u a r t e r s , t h e v a l u e s were 4-104 CaIs., 4-102 CaIs., a n d 0-146 CaI. 
respec t ive ly . T h e h e a t of p r e c i p i t a t i o n for J K 2 S O 4 is 3-3 CaIs. ; for £Cr 2 (S0 4 ) 3 , 
4-9 CaIs. ; a n d for J H 2 S O 4 , 5-053 CaIs. Th i s shows t h a t on ly half t h e c o n t a i n e d 
s u l p h a t e is p r ec ip i t ab l e a t once b y b a r i u m chlor ide f rom a freshly p r e p a r e d soln. 
of t h e sa l t . 

C. So re t obse rved t h a t t h e i n d e x of ref rac t ion , JJ,, a t 0° t o 17°, for l i gh t of different 
wave - l eng ths , A, is : 

A 
/* 

#- l ine 
1-49309 

^ - l ino 
1*48753 

h -line 
1*48513 

.fiMine 
1-48459 

Z>-line 
1-48137 

C'-line 
1-47805 

j&-line 
1-47738 

A. -line 
1-47642 

C. Soret and co-workers found that refractive indices of the green soln. t o be less 
th an those of v io let soln. J". H . Gladstone gave for the sp. refraction for the -4-line, 
(fx- 1)/Z>=0-2616 ; a n d for t h e sp . dispersion (/L^ —/x<y)/Z>=0-0098. J . F o r m a n e k 
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o b s e r v e d t h a t t h e a b s o r p t i o n s p e c t r u m of t h e v io le t soln. , F i g . 84 , h a s a w e a k 
b a n d a t 671-8, a n d a s t r o n g e r one b e t w e e n 610 a n d 540 w i t h a m a x i m u m a t 578 ; 
a t 470, t h e a b s o r p t i o n of s h o r t w a v e s begins ; J . M. H i e b e n d a a l o b s e r v e d a w e a k 
b a n d a t 658, a n d a s t r o n g e r one b e t w e e n 590 a n d 535 ; A. JStard found b a n d s 
b e t w e e n 678 a n d 670, a n d b e t w e e n 654 a n d 633 . O. K n o b l a u c h o b s e r v e d a b a n d 
b e t w e e n 610 a n d 558 ; a n d W . Bohlendorff, s t r ips a t 672, a n d 640, a n d a b a n d 
b e t w e e n 609 a n d 568 . O b s e r v a t i o n s were also m a d e b y W . N . H a r t l e y , H . Sauer , 
G. D . L i v e i n g a n d J . D e w a r , a n d K . V ie ro rd t . H . W . Vogel found w i t h a v io le t 
soln . , a s t r o n g l ine a t 665, a feebler one a t 656, a n d a b r o a d b a n d w i t h a m a x i m u m 
a t 589 , a n d a n a b s o r p t i o n in t h e v io le t beg ins a t 489. T h e solid sa l t does n o t s h o w 
t h e first l ine , a n d t h e b a n d is m o r e t o w a r d s t h e red . J . F o r m a n e k found t h a t t h e 
g r e e n so ln . h a s a s t r i p a t 6 8 1 , a n d a second one a t 640 which is connec t ed w i t h a 
b a n d e x t e n d i n g as far as 540 w i t h a m a x i m u m a t 5 9 1 . T h e a b s o r p t i o n in t h e 
v io le t beg in s a t 480, F i g . 8 5 . J . M. H i e b a n d a a l found w i t h t h i c k l ayers of soln. 
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a b a n d b e t w e e n 66O a n d 523 , a n d a n a b s o r p t i o n b e g i n n i n g a t 469 ; w i t h t h i n n e r 
l a y e r s of soln. , t h e r e a r e b a n d s b e t w e e n 673 a n d 667, a n d b e t w e e n 632 a n d 544 ; 
wh i l e w i t h st i l l t h i n n e r l aye r s , t h e r e is a b a n d b e t w e e n 613 a n d 535 . Obse rva t ions 
were also m a d e b y W . N . H a r t l e y , a n d W . Bohlendorff . H . W . Vogel found a smal l 
s t r i p a t 686, a n d a b a n d b e t w e e n 656 a n d 530, whi le a b s o r p t i o n beg ins a t 486. 
T h e solid sa l t , a n d t h e a lcohol ic soln. h a v e different spec t r a . H . C. J o n e s a n d 
W . W . S t r o n g , K . G r i n a k o w s k y , a n d A. B y k a n d H . Jaffe s t u d i e d t h e v io le t a n d 
u l t r a - v i o l e t s p e c t r a of t h e soln . ; H . Sauer , t h e a b s o r p t i o n s p e c t r u m . S. H iguch i , 
t h e u l t r a - r e d s p e c t r u m ; a n d U . d u Bois a n d G. J. "EIias, t h e influence of m a g n e t i z a ­
t i o n a n d t e m p , on t h e s p e c t r a of t h e solid sa l t s . H . M. V e r n o n e s t i m a t e d t h e 
i on i za t i on f rom t h e co lour of a q . soln. M. B a m b e r g e r a n d K. Grengg found t h a t t h e 
co lour f ades a s t h e t e m p , a p p r o a c h e s —190° . C. D o e l t e r obse rved t h a t r a d i u m 
r a d i a t i o n s c h a n g e t h e c r y s t a l s i n t o a pa l e v io le t p o w d e r . 

H . C. J o n e s a n d E . M a c k a y , K . G r i n a k o w s k y , F . S c h m i d t , a n d F . S. Svenson 
m e a s u r e d t h e e lec t r ica l c o n d u c t i v i t y , /x m h o s , of soln. of t h e s a l t ; U . H . Hosford 
a n d H . C. J o n e s o b t a i n e d t h e a c c o m p a n y i n g va lue s b e t w e e n 0° a n d 35°, a n d 
S. F . H o w a r d a n d H . C. J o n e s b e t w e e n 35° a n d 65°, for v io le t soln. c o n t a i n i n g a 
m o l of K C r ( S 0 4 ) 2 . 1 2 H 2 0 in v l i t res . T h e c o m p u t e d va lues for t h e pe r cen t age 
deg ree of ion iza t ion , a , a r e affected b y t h e fo rma t ion of x pe r cent , of t h e green 
sa l t . 

o° 
12-5° 
25° 
35° 
05° 
35° 
65° 

S 16 32 128 512 1024 2048 4096 
75-8 87-3 9 9 0 1 2 7 0 161-1 186-6 212*3 245-8 

1 0 5 0 121-2 138-1 179-5 2 3 2 O 271-6 314-2 364-8 
135-3 157-3 179-6 236-7 311*5 369-6 428*8 500-1 
167-0 183-3 225-8 288-1 404-1 465-4 546-9 637-4 
242-O 276-7 339-9 467*3 658-9 785-4 928-4 1 0 8 3 0 

26-20 28-75 35-42 46-77 63*40 73-02 85-80 lOO-O 
22-35 25-55 31-39 43-15 60-84 72-52 85-73 100*0 

V . M o n t i found t h a t t h e c o n d u c t i v i t y of t h e green soln . is g r e a t e r t h a n t h a t of t h e 
v i o l e t so ln . H . C. J o n e s a n d B . M a c k a y f o u n d t h a t t h e c h a n g e from viole t t o 
g r een c o r r e s p o n d s w i t h t h e c h a n g e in t h e c o n d u c t i v i t y of t h e soln. H . H . Hosford 
a n d H . C. J o n e s , a n d S. F . H o w a r d a n d H . C. J o n e s , o b t a i n e d t h e following 
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results for green soln. for the te inp. indicated in connection wi th the violet 
soln. : 

8 
107-4 
138-2 
168-4 
194-O 
248-1 

33-2O 
24-39 

16 
126-8 
163-7 
199-9 
219-2 
279-3 

37*51 
27-47 

32 
146-5 
190-5 
233-3 
270-4 
352-6 

46-27 
34-67 

128 
188-9 
249-1 
308-9 
358-O 
4 8 6 0 

61-27 
47-78 

512 
224-2 
301-4 
381-6 
474-9 
699-3 

81-28 
68-76 

1024 
244-4 
330-6 
425*2 
487-6 
771-9 

83-45 
75-9O 

2048 

535-9 
903-3 
91*72 
88-81 

4096 
290-2 
402-8 
531-5 
584-3 

1 0 1 7 0 
1 0 0 0 
lOO-O 

H. T. S. Bri t ton found that , at 18°, a 0-005OiNT- and 0-00672NT-SoIn. of t h e 
violet and green salts have respectively an e.m.f. of 0-467 and 0-395 vol t against 
a iV-calomel electrode ; the H"-ion concentrations are 2 > H : = 3 - 1 9 and 1-94 ; and the 
percentage hydrolysis is 2-16 and 28-7. In the electro metric t itration wi th sodium 
hydroxide, precipitation began with the e.m.f. respectively 0-591 and 0-587 vol t , 
when the H*-ion cone, was 2?n=5-30 and 5-27 ; or -when 1-0O and 1-21 eq. of alkali 
per eq. Cr had been added ; and precipitation was complete when 2-75 and 2-71 
eq. of alkali had been added. F. Ii. S. Jones studied the formation of complex 
anions in soln.—vide supra, chromic sulphate. According to N . Demass ieux and 
J. Heyrovsky , the polarization curves obtained in the electrolysis of tervalent 
chromium soln. show inflexions corresponding with either Cr***->Cr"-+-(£> or 
Cr*"->Cr-f-3Q3>. The curves show that the less hydrated chromium ions in the 
green salts are reduced and discharged at potentials which are more posit ive than 
those a t which the more hydrated chromium ions in the violet salts become reduced. 
This is true of the chloride and sulphate soln., a l though with the latter the 
abnormally great displacements of the potentials at which reduction occurs indicate 
that the complex i ty of the ions varies with dilution in passing from the green to 
the v io let form. The potentials at which reduction occurs in potass ium and 
rubidium chrome a lum soln. are coincident, and indicate the progressive dissocia­
t ion of the anion complexes . N o reduction occurs in alkaline chromium hydroxide 
soln., which is regarded as proof of the colloidal nature of the hydroxide, in contrast 
wi th soln. of zincates and plumbites in which reduction has been observed. 

C. Montemartini and Ju. !Losana studied the e.m.f. of soln. of the salt. 
A. Hagenbach made observations on the thermoelectric force of the soln. E . Fey t i s 

found the magnet ic susceptibil ity of the 
powdered salt to be 11-83 X 10~° mass units ; 
J. G. Konigsberger found for the soln., 13 X 10" 6 

mass units at 22° ; and O. Liiebknecht and 
A. P. Wills, 2 2 x 1 0 - 3 mass units at 18°. 
P . Pascal found the mol. magnet ic suscepti­
bi l i ty to be 2 x 6 2 9 x l 0 ~ 5 . L. A. Welo's mea­
surements of the magnetic susceptibi l i ty of 
solid and molten a lum are summarized in Fig. 86. 
The Curie point, O = ^ ( T — 0 ) , for the solid and 
molten potass ium chromic a lum are C8=2-02, 
C1=I-Gl ; 0 * = — 3 7 ° ; and 0 j = ! 7 o . 

N". W. Fischer observed t h a t 100 parts of 
cold water dissolve 16-7 parts of the chrome alum. 

J. Locke found that a litre of water dissolves 243-9 grms. of KCr(SO^)2 .12H2O, 
or 125-1 grms. of KCr(SO4J2. The aq. soln. of the violet salt has an acidic re­
action, and when the salt has been precipitated m a n y t imes b y alcohol from 
its aq. soln. H . Baubigny and E . Pechard found tha t a soln. neutralized 
b y ammonia wi th methyl-orange as indicator, gave crystals which had an 
acidic reaction ; and the soln. also reacts acidic after s tanding a l itt le while. 
F. P . Venable and F. W. Miller also found t h a t the green modified soln. is also 
acidic. A. and Iu. Luxniere and A. Seyewetz found that a considerable q u a n t i t y 
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F i a . 86 .—The Magnetic Suscepti­
bil it ies of H y d r a t e d Chromium 
Sal t s—Sol id and Molten. 
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of a lka l i - lye c a n b e a d d e d t o t h e viole t soln. w i t h o u t g iv ing a p r e c i p i t a t e ; a soln. 
of 100 g r m s . of t h e a l u m will t a k e u p alkal i - lye eq . t o 8-435 g r m s . of H 2 S O 4 , a t 
o r d i n a r y t e m p , or a t 50°, before i t y ie lds a p e r m a n e n t t u r b i d i t y ; a t 100°, a lkal i - lye 
eq . t o 12-8 g r m s . of H 2 S O 4 is s imi la r ly t a k e n u p . F . ULffers o b s e r v e d t h a t a cold, 
c o n e , a q . soln. of t h e a l u m t a k e s u p nea r ly a mol of a lka l i pe r g r a m - a t o m of 
c h r o m i u m , a n d a t t h e s a m e t i m e t h e soln. becomes green. Accord ing t o TQ. J . Mills 
a n d !R. L,. B a r r , a t u r b i d i t y a p p e a r s in a soln. of c h r o m e - a l u m w h e n 2 mols of 
N a 2 C O 3 p e r mo l of Cr2(SO4)S h a v e b e e n a d d e d ; a n d Li. Meunier a n d P . Cas te 
found t h a t c h r o m e a l u m soln . u n d e r g o hydro lys i s a n d t h e bas ic ch romic sa l t s so 
fo rmed po lymer ize u n d e r t h e a c t i o n of h e a t a n d m o r e slowly on keeping . T h e 
n e u t r a l i z a t i o n of t h e su lphu r i c ac id fo rmed b y t h e hydro lys i s b y t h e s o d i u m 
c a r b o n a t e , is a c c o m p a n i e d b y t h e l i b e r a t i o n of c a r b o n dioxide , a n d t h i s is expel led 
f rom t h e soln. b y inc rease of t e m p , o r a g i t a t i o n . T h e p rec ip i t a t i on is d u e t o t h e 
s o d i u m c a r b o n a t e a c t i n g a s a n e u t r a l i z i n g a g e n t a n d also as a coagu la t ing a g e n t 
o n t h e col lo idal soln. of t h e c h r o m i u m h y d r o x i d e or t h e po lymer i zed bas ic c h r o m i u m 
sa l t s . F o r W . J . C h a t e r a n d J . S. M u d d ' s o b s e r v a t i o n s on t h e H*-ion c o n e , 
vide supra, c h r o m i u m s u l p h a t e . T h e e l ec t romet r i c t i t r a t i o n curves of 
H . T . S. B r i t t o n for v io le t a n d g reen soln. of c h r o m e - a l u m a re s h o w n in F ig . 79. 
N . W . F i s che r o b s e r v e d t h a t b y t h e s p o n t a n e o u s e v a p o r a t i o n , of t h e violet soln. , 
t h e sa l t m a y b e r ecove red u n c h a n g e d ; if t h e soln. b e h e a t e d b e t w e e n 50° a n d 
75°, i t b e c o m e s green, a n d furnishes , on e v a p o r a t i o n , a g reen soluble, a m o r p h o u s 
m a s s o r else i t y ie lds c ry s t a l s of p o t a s s i u m s u l p h a t e l eav ing green ch romic s u l p h a t e 
in soln. ; b u t H . Lowel a d d e d t h a t t h e c h r o m i c s u l p h a t e h inde r s t h e c rys ta l l i za t ion 
of t h e p o t a s s i u m s u l p h a t e . H . Lowe l also obse rved t h a t if t h e c h r o m e - a l u m in a 
sea led t u b e b e m e l t e d in i t s w a t e r of c rys ta l l i za t ion , a n d cooled t o —20°, t h e r e 
r e m a i n s a v i sc id l iqu id , which , w h e n e v a p o r a t e d a t 25° t o 30°, loses a b o u t 18 rnols. 
of w a t e r ; if a l lowed t o s t a n d 2 or 3 weeks u n d e r a bel l - jar over wa te r , i t t a k e s 
u p 15—20 p e r cen t , of t h e or ig ina l q u a n t i t y . If a soln. of a l u m be dissolved in 
tw ice or t h r i c e i t s w e i g h t of w a t e r , t h e g reen soln. v e r y s lowly depos i t s c rys ta l s 
of c h r o m e - a l u m . D . Gernez o b s e r v e d t h a t seed ing t h e g reen l iqu id w i t h c rys ta l s 
of a l u m f avou r s t h e f o r m a t i o n of c ry s t a l s of c h r o m e - a l u m . V. A. J a c q u e l a i n said 
t h a t t h e r e - f o r m a t i o n of c ry s t a l s of c h r o m e - a l u m f rom t h e g reen soln. occurs a t 
2° ; a n d H . Lowel , a t 20° t o 30° . H . L o w e l also found t h a t if c h r o m e - a l u m be 
m e l t e d in a sea led t u b e , o r if a soln. of c h r o m e - a l u m i n one or t w o p a r t s of w a t e r 
b e bo i led in a flask wh ich is closed whi le t h e soln. is boi l ing, n o c rys ta l l i za t ion 
occurs e v e n if t h e vessels b e s h a k e n af ter s t a n d i n g for a y e a r ; b u t t h e crys ta l l iza­
t i on of t h e u n d e r c o o l e d o r s u p e r s a t u r a t e d l iqu id s t a r t s i m m e d i a t e l y t h e vessel is 
o p e n e d . 

L . d e B o i s b a u d r a n o b s e r v e d t h a t t h e v io le t soln. p r e p a r e d in t h e cold g r a d u a l l y 
b e c o m e s g reener ; whi le t h e g reen soln. p r e p a r e d b y h e a t , s lowly becomes b lue . 
I n t h e fo rmer case, t h e soln. inc reases hi vol . owing t o t h e sa l t g iv ing u p c o m b i n e d 
w a t e r ; a n d in t h e l a t t e r case t h e soln. decreases in vol . owing to t h e sa l t t a k i n g 
u p w a t e r . K . G r i n a k o w s k y sa id t h a t t h e a b s o r p t i o n spec t ra , a n d t h e electr ical con­
d u c t i v i t i e s of t h e soln. i n d i c a t e d t h a t 78° is t h e t r a n s i t i o n t e m p , for t h e v iole t 
t o t h e g reen soln. T h e t r a n s f o r m a t i o n h a s been d iscussed b y G. D . v a n Cleeff, 
M. F . D o u g a l , W . R . W h i t n e y , A. K ecou r a , F . P . V e n a b l e a n d F . W . Miller, e tc . 
—v ide supra, c h r o m i c ch lor ide . A. Mitscher l ich o b s e r v e d t h a t if t h e soln.—-
w i t h or w i t h o u t a d m i x t u r e w i t h p o t a s s i u m s u l p h a t e — b e h e a t e d t o 200°, a n 
a m o r p h o u s p r e c i p i t a t e is f o r m e d which is s u p p o s e d t o be chromium-ldwigite, or 
t h e enneahydrate, K 2 S 0 4 . C r 2 ( S 0 4 ) 3 . 9 H 2 0 . F . P . V e n a b l e a n d F . W. Miller said 
t h a t t h e s a m e sa l t is p r e c i p i t a t e d b y a d d i n g a lcohol t o a f reshly p r e p a r e d soln. 
of t h e v io le t sa l t . Acco rd ing t o C. R . C. T i c h b o r n e , if a soln. of c h r o m e - a l u m be 
h e a t e d in sea led t u b e s for 2 or 3 h r s . a t 177°, a bas ic s u l p h a t e is p r ec ip i t a t ed ; 
a n d a d i l . soln. of c h r o m e - a l u m is i n s t a n t l y d issoc ia ted , or h y d r o l y z e d when d r o p p e d 
i n t o a £aako of b i l ing w a t e r , for t h e c o n t e n t s of t h e flask b e c o m e t u r b i d a n d o p a q u e . 
T h e p r e c i p i t a t e redisso lves o n cooling, a n d e v e n d u r i n g boi l ing if t h e c h r o m e - a l u m 
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is g r a d u a l l y a d d e d . H e conc luded t h a t (e t h e g reen co lour of c h r o m i c s a l t s is 
d u e t o t h e basy lous cond i t ion "—v ide supra, H . T . S. B r i t t o n ' s o b s e r v a t i o n s . 
H . Lowel found t h a t b a r i u m chlor ide p r e c i p i t a t e s all t h e S O 4 f rom a cold, f reshly 
p r e p a r e d , viole t soln. , b u t on ly p a r t of t h e S O 4 is p r e c i p i t a t e d f rom t h e g reen soln. , 
so t h a t when t h e f i l t rate is h e a t e d , t h e a d d i t i o n of b a r i u m chlor ide p r e c i p i t a t e s 
m o r e SO 4 . C. M o n t e m a r t i n i a n d L . L o s a n a s t u d i e d t h e so lub i l i t y of t h e sa l t 
in su lphur ic ac id . Accord ing t o M. Kri iger , a lcohol p r e c i p i t a t e s f rom t h e v io l e t 
soln. t h e u n c h a n g e d v io le t sa l t—vide supra—but t h e g reen soln. furn ishes a g reen 
oi ly l iqu id which g r a d u a l l y solidifies, a n d wh ich c o n t a i n s t h r e e - f o u r t h s of t h e 
S0 4 - r ad ic l e , t h e r e m a i n i n g q u a r t e r r e m a i n s dissolved in t h e a lcohol ; a n d M. S iewer t 
a d d e d t h a t t h e oi ly p r e c i p i t a t e c o n t a i n s K 2 O : C r 2 O 3 : S O 3 = 6 : 5 : 18, a n d t h e 
soln. 2 : 3 : 14. G. N . W y r o u b o f i obse rved t h a t t h e s a m e a m o u n t of c h r o m i c 
o x a l a t e is p r e c i p i t a t e d b y t h e a d d i t i o n of a lka l i o x a l a t e t o t h e f reshly p r e p a r e d 
v io le t soln. a s t o a soln. w h i c h h a s been k e p t a t 30° for some t i m e . H . Lowe l 
obse rved t h a t z inc a n d i ron r e a c t w i t h a soln. of t h e sa l t a s in t h e case of c h r o m i c 
ch lor ide (q.v.). 

A s i n d i c a t e d a b o v e , H . Lowel found t h a t if c h r o m e - a l u m be h e a t e d g r a d u a l l y 
b e t w e e n 300° a n d 350°, i t is t r a n s f o r m e d i n t o green, a n h y d r o u s , K 2 SO 4 -Cr 2 (SO 4 J 3 , 
wh ich is a p s e u d o m o r p h af ter t h e h y d r a t e , a n d qu i ck ly dissolves in boi l ing w a t e r . 
If c h r o m e - a l u m be h e a t e d a l i t t le a b o v e 350°, or, a cco rd ing t o C. H e r t w i g , b e t w e e n 
300° a n d 400°, u n t i l al l t h e w a t e r is expel led , t h e a n h y d r o u s , g reen , inso luble s a l t 
is fo rmed . Th i s sa l t , sa id N . W . F ischer , is l i lac-coloured w h e n h o t , ye l lowish-green 
w h e n cold . C. H e r t w i g , a n d H . Lowel found t h a t if t h e sa l t b e h e a t e d j u s t be low 
redness i t loses 5-8 p e r cen t , of s u l p h u r t r i ox ide , a n d a t a full r e d - h e a t , t h e c h r o m i c 
s u l p h a t e fo rms ch romic ox ide . T h e p o t a s s i u m s u l p h a t e c a n b e r e m o v e d b y w a s h i n g 
w i t h w a t e r . T h e sa l t is decomposed if boi led for a long t i m e w i t h a lkal i - lye w i t h t h e 
s e p a r a t i o n of c h r o m i c ox ide . T h e sa l t is n o t d e c o m p o s e d b y cold or boi l ing w a t e r , 
hyd roch lo r i c ac id , su lphu r i c acid , n i t r i c acid, or a q . a m m o n i a . M. T r a u b e h e a t e d 
p o t a s s i u m d i ch ro rna t e w i t h a l a rge excess of cone , su lphu r i c ac id , a n d a t 160° t o 
180° o b t a i n e d a m u s h of a g reen , insoluble doub le sa l t , a n d a g reen l iqu id ; a t 240° , 
t h e r e is p r o d u c e d a g rey i sh - red subs t ance . These p r o d u c t s c o n t a i n t h e m o r e 
p o t a s s i u m s u l p h a t e t h e lower t h e t e m p . , a n d t h e s h o r t e r t h e t i m e of c o n t a c t wi t h 
t h e ac id . W . W e r n i c k e o b t a i n e d some ana logous p r o d u c t s . 

Accord ing t o N . W . F i sche r , a n d C. H e r t w i g , a dihydrate, K 2 SO 4 -Cr 2 (SO 4 ) 3 . 2 H 2 O , 
is fo rmed w h e n p o t a s s i u m c h r o m e - a l u m is h e a t e d t o 200° so long as i t c o n t i n u e s 
t o lose w a t e r . T h e d a r k g reen , p o r o u s res idue s lowly dissolves w h e n boi led for a 
long t i m e "with wa te r , a n d m o r e r a p i d l y if hyd roch lo r i c ac id b e p r e s e n t . W a t e r 
a n d dil. su lphur i c or h y d r o c h l o r i c ac id d o n o t a c t on t h e sa l t a t o r d i n a r y t e m p , in 
t h e course of severa l d a y s . T h e s a l t is d e c o m p o s e d b y w a r m , a q . a m m o n i a wh ich 
s e p a r a t e s as da rk -g reen ch romic ox ide , soluble in hydroch lo r i c acid . P . N . PavlofE 
s t u d i e d t h e a c t i o n of soln. of c h r o m e - a l u m on l ea the r . T h e enneahydrate, 
K 2 SO 4 .Cr 2 (SO 4 J 3 . 9H 2 O, a n d t h e tetracosihydrate, o r d i n a r y c h r o m e - a l u m , h a v e been 
d iscussed a b o v e . F . F i c h t e r a n d E . B r u n n e r o b s e r v e d t h a t f luorine is a powerful 
oxidiz ing a g e n t . T h e y showed t h a t a soln. of c h r o m i u m a l u m , acidified w i t h v e r y 
dil . su lphur ic acid, is n o t a l t e r e d b y t h e p a s s a g e of f luorine for severa l h o u r s , b u t 
if t h e cone, of free ac id is a s h igh a s 1-52NT, a r egu l a r o x i d a t i o n t o ch romic ac id se t s 
in , a n d is easi ly recognized b y t h e c h a n g e of co lour f rom vio le t t o orange-ye l low. 
H i g h e r cone , of su lphur ic ac id u p t o l*hN h a v e t h e s a m e effect. T h e o x i d a t i o n is 
c e r t a i n l y ind i rec t , for if t h e a m o u n t of c h r o m i c ac id is d e t e r m i n e d b y t i t r a t i o n , t h e 
fresh soln. , wh ich evolves ozone, h a s a b o u t 1-5 t i m e s t h e poss ible oxid iz ing p o w e r . 
Af te r s t a n d i n g o v e r n i g h t or h e a t i n g on a w a t e r - b a t h , t h e excess of ox id iz ing s u b ­
s t a n c e s i s de s t royed , a n d t h e soln, h a s a n ox id iz ing v a l u e co r r e spond ing e x a c t l y 
t o t h e t heo re t i c a l a m o u n t of c h r o m i c ac id . T h e oxid iz ing s u b s t a n c e m u s t 
b e s u l p h u r i c t e t r o x i d e , for i t is effective a t 0° , w h e r e a s p e r s u l p h a t e oxidizes 
c h r o m i c sa l t s on ly a t h igher t e m p . T h e cone , s u l p h u r i c a c id is a s s u m e d 
t o exert t w o funct ions : (i) t o furnish s u l p h u r t e t r o x i d e a s a n i n t e r m e d i a t e c o m -
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p o u n d ; a n d (LL) t o p r e v e n t t h e fo rma t ion of h y d r o g e n d ioxide a n d hence of per-
c h r o m i c ac id w h i c h wou ld l ead t o r educ t ion . Accord ing to Li. Meunie r a n d P . Caste , 
t h e a m o u n t of s o d i u m c a r b o n a t e necessary t o p roduce a p e r m a n e n t p r ec ip i t a t e 
i n a soln. of c h r o m e - a l u m var ies w i t h t h e age a n d m e t h o d of p r e p a r a t i o n of t h e soln. 
I m m e d i a t e l y af ter t h e soln. h a s been p r e p a r e d , t h e r e is a re la t ive ly s h o r t pe r iod 
d u r i n g w h i c h t h e a m o u n t of s o d i u m c a r b o n a t e r equ i r ed increases w i t h t h e t i m e 
u p t o a m a x i m u m which va r i e s w i t h t h e d i lu t ion a n d t h e t e m p . This pe r iod is 
longer a n d m o r e m a r k e d t h e m o r e cone , is t h e soln. a n d t h e lower t h e t e m p . After 
t h i s m a x i m u m , t h e r e is a r e l a t ive ly long second per iod, which m a y las t severa l 
m o n t h s d u r i n g which t h e a m o u n t of s o d i u m c a r b o n a t e r equ i red decreases slowly 
w i t h t h e t i m e . A t h igh t e m p . , a n d p a r t i c u l a r l y a t 100°, t h e t w o per iods a re of such 
s h o r t d u r a t i o n t h a t t h e e n d of t he i r c o m b i n e d ac t ion is a lmos t i m m e d i a t e . I t is 
supposed t h a t i m m e d i a t e l y on i t s d issolut ion i n w a t e r , c h r o m i u m su lpha te unde r ­
goes a p a r t i a l hydro lys i s . T h e c h r o m i u m h y d r o x i d e a n d c h r o m i u m su lpha t e 
i n t e r a c t t o give a less ionized c o m p l e x m o r e s t ab l e t o w a r d s sod ium c a r b o n a t e . This 
process p r e d o m i n a t e s a t first. Th is i m m e d i a t e hydro lys i s progresses a n d is slowly 
a c c e n t u a t e d a n d t h e ionic cone, is inc reased u n t i l t h e second process g radua l ly 
p r e d o m i n a t e s , w i t h t h e c o n s e q u e n t r e q u i r e m e n t of less s o d i u m c a r b o n a t e for t h e 
p rec ip i t a t i on of t h e c h r o m i u m h y d r o x i d e . F . E . B r o w n a n d J . E . S n y d e r observed 
t h a t a c rys t a l of c h r o m e - a l u m b l ackens w h e n boiled w i t h v a n a d i u m oxyt r ich lor ide . 

T. K l o b b o b t a i n e d h e x a g o n a l c rys ta l s of a m m o n i u m potas s ium c h r o m i u m 
sulphate , (NH 4 5K) 2SO 4 -Cr 2 (SO 4 )S, as solid soln. i s o m o r p h o u s w i t h t h e a n h y d r o u s 
a l u m s , b y fusing a m i x t u r e of p o t a s s i u m c h r o m e - a l u m w i t h a m m o n i u m su lpha te . 
T h e sa l t is n o t a t t a c k e d b y boi l ing w a t e r . !By o p e r a t i n g in a n ana logous m a n n e r , 
a m m o n i u m a l u m i n i u m c h r o m i u m sulphate , (NH 4 J 2 SO 4 . (Cr 9 Al) 2 (S0 4 ) 3 , a n d a m m o ­
n i u m ferric c h r o m i u m sulphate , ( N H 4 ) 2 S 0 4 . ( C r , F e ) 2 ( S 0 4 ) 3 , were ob ta ined as iso­
m o r p h o u s m i x t u r e s . 

J . H . G lads tone , a n d H . E r d m a n n p r e p a r e d rubidium c h r o m i u m sulphate , or 
rubidium disulphatochromiate, Rb2S04 .Cr2(S04)3 .24H20, or KbCr(SO4J2.12H2O, 
f rom a soln. of t h e c o m p o n e n t sa l t s . I t furnishes v io le t o c t a h e d r a which , according 

«, t o O. P e t t e r s s o n , h a v e t h e sp . gr . 1-968 a t 16-8°. J . H . G lads tone gave 1-946 for t h e 
s p . gr . J . L o c k e sa id t h a t t h e sa l t m e l t s a t 107° in i t s -water of c rys ta l l iza t ion . 
F . E p h r a i m a n d P . W a g n e r found t h e v a p . p ress . , p mm- , of t h e h y d r a t e to be : 

40° 51° 61-5° 71° 79-5° 84° 90° 
p . . 25 42 86 166 250 355 414 

C. S o r e t f ound t h e i n d e x of re f rac t ion , JLC, for t h e wave - l eng th , A a t 12° t o 17°, t o be : 
A . C?-line 2^-line 6-line jE7-line Z)-line C'-line Z?-line A. -line 
M . 1-49323 1-48775 1-48522 1-48486 1-48151 1-47868 1-47756 1-47660 

J . H . G l a d s t o n e g a v e for t h e s p . re f rac t ion for t h e .4-line {/x — l ) /Z>=0-2444 ; a n d 
for t h e s p . d ispers ion (JJL^—/XQ)/Z>=0*0090. H . Saue r s t u d i e d t h e abso rp t i on spec­
t r u m . H . E r d m a n n found t h a t t h e s a l t is spa r ing ly soluble i n cold wa te r , a n d t h a t 
t h e soln . becomes g reen w h e n h e a t e d . J. Locke gave for t h e solubi l i ty in a l i t re 
of w a t e r a t 25°, 43*4 g r m s . of t h e h y d r a t e d a n d 25-7 g r m s . of t h e a n h y d r o u s sal t . 
N . D e m a s s i e u x a n d J . H e y r o v s k y s tud i ed t h e po la r iza t ion curves—vide supra. 

J . H . G lads tone , a n d C. Sore t p r e p a r e d caesium c h r o m i u m sulphate , or caesium 
disu lphatochromiate , C s 2 S 0 4 . C r 2 ( S 0 4 ) 3 . 2 4 H 2 0 , or C s C r ( S 0 4 ) 2 . 1 2 H 2 0 , f rom a soln. 
of t h e c o m p o n e n t sa l t s . J . H . G lads tone g a v e 2-043 for t h e sp . gr . J . Locke found 
t h e m . p . t o b e 116°. F . E p h r a i m a n d P . W a g n e r gave for t h e v a p . press . , p m m . , 

44° 71*8° 80° 81-6° 90° 95° 
p . . 1 4 119 224 250 411 512 

C. S o r e t obse rved t h e i n d e x of refract ion, yu,, for l igh t of wave- l eng th , A, a t 6° t o 
12°, t o b e : 

A . G-line i n l i n e 6-line 7£-line Z>-line GMine ,B-lme A-lin& 
PL . 1-49280 1-48723 1-48491 1-48434 1-481OO 1-47836 1-47732 1-47627 
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J . H . G lads tone gave for t h e sp . re f rac t ion for t h e ^ - l i n e (/*, — 1)/Z>=0*2326 ; a n d 
for t h e sjj . d ispers ion, (/ULA—^Q)/D=0-0086. H . Saue r s t u d i e d t h e a b s o r p t i o n 
s p e c t r u m . J . Locke f o u n d for t h e so lub i l i ty in a l i t re of w a t e r a t 25° , 9-4 g r m s . 
for t h e h y d r a t e d , a n d 5-7 g r m s . for t h e a n h y d r o u s sa l t . T h e soln. b e c o m e s green 
a b o v e 95°. 

E . Cars tan jen , J . E . Wi l lm , a n d O. P e t t e r s s o n p r e p a r e d tha l l ium c h r o m i u m 
sulphate , or tha l l ium disu lphatochromiate , T l 2 S O 4 . C r 2 ( S 0 4 ) 3 . 2 4 H 2 O , or TlCr(SO4V2. 
1 2 H 2 O , f rom a soln. of t h e c o m p o n e n t sa l t s . T h e o c t a h e d r a l c rys t a l s a p p e a r a l m o s t 
b lack ; t h e y a p p e a r r ed b y t r a n s m i t t e d l igh t . J . H . G lads tone g a v e 2-388 for t h e 
sp . gr. ; J . Locke , 92° for t h e m . p . ; a n d F . E p h r a i m a n d P . W a g n e r , for t h e v a p . 
press . , p m m . , 

33° 50* 68° 78-5° 87-5° 94° 102° 
p . . 8 44 155 250 394 507 672 

T h e i n d e x of ref rac t ion , JUL, for l igh t of w a v e - l e n g t h A a t 9° t o 25° , w a s found b y 
C. So re t t o be : 

A . G-line) jF'-line 6 - l i n e 7i7-line _E>-line C - l i n e 2?- l ine ^4-l ino 
fji . 1 - 5 3 8 0 8 1 - 5 3 0 8 2 1 - 5 2 7 8 7 1 - 5 2 7 0 4 1 - 5 2 2 8 0 1 - 5 1 9 2 3 1 - 5 1 7 9 8 1 - 5 1 6 9 2 

J . H . Glads tone found t h e sp . ref ract ion for t h e ^4-line t o be (/u, — 1) /Z)=0-2161 ; 
a n d t h e sp . dispersion, (/x.^—JJLQ)/Z>~0*0092. H . S a u e r s t u d i e d t h e a b s o r p t i o n 
s p e c t r u m . J . Locke obse rved t h a t a l i t re of w a t e r a t 25° dissolves 163-8 g r m s . of 
t h e hydratc^d or 104*8 g r m s . of t h e a n h y d r o u s sa l t . 

A series of sa l t s of t h e t y p e 3 R 2 S 0 4 . C r 2 ( S 0 4 ) 3 , or R3Cr(SO4V3, or K3[Cr(SO4)S], 
h a s been p r e p a r e d in t h e d r y w a y , b u t n o t b y w e t processes . T h e sa l t s m a y be 
ident ica l wi th A. R e c o u r a ' s c h r o m o t r i s u l p h u r i c acid. T. K l o b b found t h a t w h e n 
chromic oxide, chlor ide, or s u l p h a t e is fused w i th a m m o n i u m s u l p h a t e , a m m o n i u m 
tr isulphatochromiate , (JNTH4)3Cr(S04)3, is fo rmed in pa le green, ac icu lar c rys ta l s , 
which become rose-coloured w h e n h e a t e d . If t h e fusion is p ro longed , a n h y d r o u s 
a m m o n i u m c h r o m e - a l u m is formed. A m m o n i u m t r i s u l p h a t o c h r o m i a t e is inso luble 
in cold wa te r , a n d i t is s l ight ly a t t a c k e d b y boil ing wa te r , di l . ac ids , a n d di l . a lka l i -
lye . I t is n o t changed a t 350°, b u t i t decomposes a t a r e d - h e a t fo rming c h r o m i c 
oxide . W . Wern i cke p r e p a r e d l i th ium tr isulphatochromiate , L i 3 [Cr (S0 4 ) 8 ] , b y 
fusing chromic oxide w i t h l i t h i u m h y d r o s u l p h a t e , a d d i n g cone , su lphur i c ac id t o 
t h e cold mass , a n d fusing t h e m i x t u r e aga in . T h e p rope r t i e s r e sembled t h o s e of 
t h e p o t a s s i u m sa l t . W . Wern icke o b t a i n e d s o d i u m tr i su lphatochromiate , 
Na 3 [Cr(SO 4 J 3 ] , in a s imi lar m a n n e r ; a n d C. Page l , b y m e l t i n g a m i x t u r e of s o d i u m 
h y d r o s u l p h a t e , a n d a m m o n i u m a n d chromic s u l p h a t e s (5 : 2.5 : 1) as i n t h e case 
of t h e p o t a s s i u m sa l t ; a n d also b y h e a t i n g s o d i u m d i c h r o m a t e a n d chlor ide in t h e 
presence of a n organic r educ ing agen t , a n d t r e a t i n g t h e p r o d u c t w i t h s u l p h u r i c 
acid . T h e sa l t forms p r i s m a t i c or ac icu lar c rys ta l s , a n d b e h a v e s l ike t h e p o t a s s i u m 
salt. W. Wernicke obtained potassium trisulphatochromiate, K3[Cr(S04)3], by 
mel t i ng p o t a s s i u m p y r o s u l p h a t e w i t h a n h y d r o u s ch rome-a lum, or ch romic s u l p h a t e 
or ox ide , a n d e x t r a c t i n g t h e cold m a s s w i t h h o t w a t e r . A. lS tard p r e p a r e d i t b y 
me l t ing ch romic chlor ide a n d p o t a s s i u m h y d r o s u l p h a t e a t a r e d - h e a t ; a n d T. K l o b b , 
b y m e l t i n g a m i x t u r e of c h r o m e - a l u m , a n d a m m o n i u m a n d p o t a s s i u m s u l p h a t e s 
( 1 : 4 : 4 ) . The green p o w d e r w a s f o u n d b y W . W e r n i c k e t o a p p e a r v io le t - red w h e n 
h o t ; i t consis ts of s ix-sided r h o m b i c or h e x a g o n a l needles . C. P a g e l sa id t h a t t h e 
c rys ta l s a re hexagona l ; a n d T. K l o b b a d d e d t h a t t h e y a re p r o b a b l y i s o m o r p h o u s 
w i t h t h e co r respond ing a m m o n i u m sa l t . T h e c o m p o u n d loses S O 3 w h e n h e a t e d 
t o redness , and , accord ing t o W . W e r n i c k e , i t is insoluble in w a t e r , ac ids , a n d dil . 
a lkal i - lye, b u t i t is decomposed b y boi l ing w i t h cone , po ta sh - lye . 

A . R e c o u r a o b t a i n e d po tass ium chromitetrasulphate , K 2 [Cr 2 (SO 4 J 4 ] , b y e v a p o ­
r a t i n g on t h e w a t e r - b a t h a mo l of g reen ch romic s u l p h a t e w i t h a m o l of p o t a s s i u m 
s u l p h a t e ; a n d t h e tetrahydrate, K 2 [Cr 2( SO4) 4 ] . 4 H 2 O , b y d e h y d r a t i n g c h r o m e - a l u m 
slowly a t 110°. T h e fo rmer c o m p o u n d is d a r k green , a n d i t is soluble in w a t e r . 
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The soln. gives no immediate precipitation with barium chloride, showing that all 
the S04-radicles are masked. The isomeric (KO)2Cr202(S03)4., or K2[Cr(S04)4], 
was obtained from the chromipolysulphuric acid (q.v.) ; and similarly also with 
sodiumchromitetrasulphate. A. Recoura obtained potassium chromipentasulphate, 
K4[Cr2(SO4)^], by evaporating on a water-bath a mol of green chromic sulphate 
with 2 mols of potassium sulphate ; if 3 mols of potassium sulphate are employed, 
potassium chxomihexasulphate, K6[Cr2(SO4J6], is formed. Both these green com­
pounds are soluble in water ; and all the S04-radicles are masked. Gr. N. Wyrouboff 
discussed the composition of these salts—vide supra, the corresponding acids. 

The mixed crystals of potassium sulphate and chromate were discussed in 
connection with potassium chromate. A. Recoura obtained potassium chromi-
trisulphatochromate, K2[Cr2(S04)3(Cr04)], by evaporating on a water-bath a soln. 
of a mol of the green sulphate with a mol of potassium chromate. The dark brown, 
amorphous product forms a green or brown soln. with water ; the aq. soln. readily 
decomposes into chromic sulphate and potassium chromate. A. Recoura also 
prepared potassium chromitrisulphatodichromate, K4[Cr2(S04)3(Cr04)2], by using 
a mol of green chromic sulphate and 2 mols of potassium chromate ; with three 
mols of potassium chromate, potassium chromitrisulphatotrichr ornate, 
K6[Cr2(S04)3(Cr04)3], is formed. The properties of these salts are similar. According 
to A. Etard, a soln. of a mol of potassium chromate and 2 mols of magnesium sulphate 
furnishes monoclinic prisms of potassium magnesium disulphatochromate, 
K2CrO4.2MgSO4.9H2O, which lose 5 mols. of water at 100°, and all the water at 
250°. C. von Hauer said that a third of the S04-radicles in K2SO4-MgSO4.6H2O 
can be replaced by the Cr04-radicle without change of form. A. Duflour showed 
that A. iStard's salt is an arbitrary stage in a series of isomorphous mixtures of 
™K2Cr(S04)2.6H20.(l— n)K2Mg(Cr04)2.6H20. 

S. M. Jorgensen 2 prepared chromic hexamminosulphate, [Cr(NH3)6]2(S()4)3. 
5H2O, by triturating the hexamminobromide with freshly precipitated silver oxide 
and water ; the nitrate was treated with dil. chromic sulphate, and the salt precipi­
tated by alcohol. The yellow needles lose 4 mols. of water over sulphuric acid ; 
and at 100°, the water is expelled in a few hrs. The salt is freely soluble in hot 
water. It forms a complex chloroplatinate. S. M. Jorgensen, and O. T. Christensen 
obtained chromic aquopentamminosulphate, [Cr(NH 3 ) 5 (H 20)] 2 (S0 4 ) 3 .3H 20, and as 
in the case of the preceding salt, the prismatic crystals are freely soluble in water ; 
they lose 4 mols. of water between 98° and 100°. The salt forms a complex chloro­
platinate. A. Werner and J. L. Klein obtained chromic tetraquodiamminosulphate, 
[Cr(NH3)2(H20)4]2(S04)3, by dissolving the bromide in a little dil. hydrobromic 
acid, adding 8 vols, of absolute alcohol, then adding dil. sulphuric acid, and washing 
the crystals with alcohol and ether. The reddish-violet plates are very hygroscopic. 
P. PfeiSer prepared chromic tetraquodipyridinosulphate, [CrPy2(H20)4J2(S04)3. 
3H2O, and also the hydrosulphate, [CrPy2(H2O)4]HSO4.2H2O. For the hexaquo-
salts, see the chlorosulphates, and the alums M[Cr(H402)6](S04)2. 

H. J . S. King prepared chromic hydroxypentamminosulphate, [Cr(NHy)5-
(OH)]SO4, by the action of a soln. of chloropentamminochloride on ammonium 
sulphate in cone. aq. ammonia, and precipitation by the addition of alcohol. He 
gave for the conductivity, JUL mhos, of a mol of the salt in v litres : 

v . . 32 64 128 256 512 1024 2048 
/ 0° . 59-4 69-5 8 2 0 9 4 1 108-3 118-9 132-3 

^ \ 25° . 117-6 132-9 158-3 181-2 208-2 234 O 254-2 

A. Werner and J. LJ. Klein, and A. Werner and J. V. Dubsky obtained chromic 
hydroxytriaquodiamminosulphate, [Cr(NHg)2(H2O)3(OH)]SO4-H2O, by the action 
of sulphuric acid on chromic dihydroxydiaquodiamminoehlorobromide. The pale 
red needles were insoluble in water, and soluble in dil. acetic and propionic acids. 
The acetic acid soln. with potassium thiocyanate forms dihydroxydiaquodiam-
minothiocyanate. P. Pfeirfer and M. Tapuach, and P. PfeifTer and W. Osann 
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p r e p a r e d c h r o m i c hydroxytriaquodipyridinosxi lphate, [ C r P y 2 ( H 2 O ) 8 ( O H ) ] S O 4 . 
O . T . Chr i s t ensen o b t a i n e d c h r o m i c iutr i topcntamrninosulphate , [ C r ( N H 8 ) 6 -
( N O 2 ) J S O 4 - H 2 O , b y t h e a c t i o n of s i lver s u l p h a t e o n t h e ch lor ide of t h e ser ies . T h e 
ye l low c r y s t a l s lose w a t e r w i t h d e c o m p o s i t i o n a t 100° ; t h e y a r e freely so lub le in 
w a t e r ; a n d a r e d e c o m p o s e d b y di l . su lphu r i c acid . S. M. J o r g e n s e n o b t a i n e d 
c h r o m i c cWoropentarnrninosulphate , [ C r ( N H 3 ) 5 C l ] S 0 4 . 2 H 2 0 , b y t r e a t i n g a n a q . 
soln. of t h e ch lor ide w i t h s i lver c a r b o n a t e , a n d a d d i n g di l . s u l p h u r i c ac id a n d af ter ­
w a r d s a lcohol t o t h e n i t r a t e . T h e c a r m i n e - r e d p r i sms a re freely so luble in w a t e r . All 
t h e w a t e r is expe l led in t h e p re sence of cone , su lphu r i c ac id , o r a t 10O°, a h y d r o -
su lphate , [ C r ( N H 3 ) 5 C l ] 4 ( S 0 4 ) ( H S 0 4 ) 6 , was also p r e p a r e d . A . B e n r a t h f o u n d t h a t 
t h e c h l o r o p e n t a m m i n o s u l p h a t e , [ C r ( N H 3 ) 5Cl]SO4, is s t a b l e in t h e p re sence of 
O t o 70 p e r cen t , s u l p h u r i c acid , b u t w i t h m o r e cone, acid, 4 [ C r ( N H 3 ) 6 C l ] S 0 4 . 3 H 2 S O 4 
is f o rmed . P . T . Cleve, P . Pfeiffer a n d S. Basc i , P . Pfeiffer a n d M. Ti lgner , 
a n d S. M. J o r g e n s e n o b t a i n e d chromic ch loroaquote trarnminosu lphate , 
[Cr (NH 3 J 4 (H 2 O)Cl ]SO 4 , b y t h e ac t ion of cold cone , s u l p h u r i c ac id o n t h e ch lor ide 
of t h e series. T h e rose-red or d a r k v io le t r h o m b i c p l a t e s a r e s p a r i n g l y so luble in 
cold w a t e r , a n d freely soluble in w a r m w a t e r . T h e sa l t is d e c o m p o s e d b y boi l ing 
in acidic soln. Y . S h i b a t a m e a s u r e d t h e a b s o r p t i o n s p e c t r u m . A. W e r n e r a n d 
A. Miola t i g a v e 171-5, 195*1, 226*4, a n d 262*6 m h o s for t h e c o n d u c t i v i t y of so ln . 
w i t h a m o l of t h e sa l t respec t ive ly in 250, 500, 1000, a n d 2000 l i t res of w a t e r a t 25° . 
T h e pa l e violet p rec ip i t a t e is hygroscopic . F o r A. R e c o u r a ' s , H . F . W e i n l a n d a n d 
Xt. K r e b s ' , a n d H . P . W e i n l a n d a n d T . S c h u m a n n ' s o b s e r v a t i o n s on c h r o m i c 
Chloropentaquosulphate, [Cr(H 2 O) 5 Cl]SO 4 , vide infra. P . T . Cleve also p r e p a r e d 
c h r o m i c bromoaquote tramminosu lphate , [Cr (NHg) 4 (H 2 O)Br ]SO 4 , b y t r e a t i n g a n 
aq . soln. of t h e b r o m i d e of t h e series w i t h sod ium s u l p h a t e a n d s u l p h u r i c ac id , 
a n d t h e n a d d i n g a lcohol . T h e rose-red, c rys ta l l ine p o w d e r is freely so luble in 
w a t e r ; a n d w h e n t h e aq . soln. is boi led t h e sa l t is d e c o m p o s e d w i t h t h e depos i t ion 
of h y d r a t e d ch romic oxide , a n d t h e evo lu t ion of a m m o n i a . R. H . Riesenfe ld 
a n d F . S e e m a n n t r e a t e d a soln. of c h l o r o d i a q u o t r i a m m i n o d i c h l o r i d e w i t h cone , 
su lphu r i c acid, a n d o b t a i n e d pa le violet , hygroscopic c rys t a l s of c h r o m i c c h l o r o -
diaquotriamminosulphate, [Cr(NH3)3(H20)Cl]S04 . S. Guralsky, and A. Werner 
prepared violet chromic bromodiaquotriamminosulphate, [Cr(NH3J3(H2O)2Br]SO4 , 
b y t h e ac t ion of su lphu r i c acid on t h e chlor ide of t h e series fol lowed b y a lcohol ic 
p r e c i p i t a t i o n ; a n d A. W e r n e r a n d R . H u b e r , N . B j e r r u m a n d G. H . H a n s e n p r e ­
p a r e d chromic bromopentaquosulphate , [ C r ( H 2 O ) 5 B r ] S O 4 - H 2 O , or C r B r S O 4 . 6 H 2 O . 

P . PfeifEer a n d M. T a p u a c h p r e p a r e d c h r o m i c d ihydroxydiaquodipyridinosul -
phate , [ C r P y 2 ( H 2 0 ) 2 ( O H ) 2 ] 2 S 0 4 . 1 2 or 1 4 H 2 O ; a n d P . Pfeiffer a n d P . K o c h , c h r o ­
m i c c i s -d ichlorobise thylenediaminohydrosulphate , [Cr e n 2 C l 2 ] ( H S 0 4 ) . E . R o s e n -
b o h m o b t a i n e d c h r o m i c d i c U o r o t e t r a m m i n o s u l p h a t e , [ C r ( N H 3 ) 4 C l 2 ] 2 S 0 4 , w i t h 
t h e m a g n e t i c suscep t ib i l i ty 2 0 6 8 x 1 0 — 0 m a s s u n i t s . A. W e r n e r o b t a i n e d c h r o m i c 
d ich loraquotr iamminosu lphate , [ C r ( N H 3 ) 3 ( H 2 0 ) C l 2 ] 2 S 0 4 , b y t r e a t i n g t h e ch lor ide 
of t h e series w i t h su lphu r i c ac id . T h e b lue needles fo rm a b lue soln. w i t h w a t e r ; 
a n d t h e sa l t is r e p r e c i p i t a t e d b y t h e a d d i t i o n of s u l p h u r i c ac id . A. W e r n e r , a n d 
S. G u r a l s k y p r e p a r e d d a r k g reen c rys t a l s of chromic d ibromoaquotr iammin'osul -
phate , [ C r ( N H 3 ) 3 ( H 2 0 ) B r 2 ] 2 S 0 4 , b y t h e a c t i o n of s u l p h u r i c ac id on t h e b r o m i d e of 
t h e ser ies . F o r A. W e r n e r a n d R . H u b e r ' s o b s e r v a t i o n s on c h r o m i c d i b r o m o -
te traquosulphate , vide infra. P . Pfeiffer a n d P . K o c h p r e p a r e d c h r o m i c c i s -
dithiocyanatobisethylenediaminohydrosulphate, [Cr en2(SCy)2]HS04 . I i H o O ; and 
P . Pfeiffer, t h e trans-sa l t . 

S. M. J o r g e n s e n p r e p a r e d b o t h t h e r h o d o - a n d t h e e r y t h r o - s a l t s of c h r o m i c 
hyxlroxydecamminosulphate, [Cr2(OH)(NH8)10]2(SO4)5.2H2O, by adding sulphuric 
a c i d t o a n a q . soln. of t h e t h i o c y a n a t e of t h e ser ies . T h e c a r m i n e - r e d , q u a d r a t i c 
o r r e c t a n g u l a r p l a t e s a r e spa r ing ly soluble in cold w a t e r . S. M. J o r g e n s e n p r e ­
p a r e d c a r m i n e - r e d p r i s m a t i c c rys t a l s of c h r o m i c t r i h y d r o x y a q u o h e x a m m i n o -
sulphate, [Cr2(OH)3(H20)(NH3)6]2S04 .3H20, as well as the hydrosulphate, 
[Cr s (OH)(H 2 0) (NH 3 ) 6 ]HS0 4 . iH 2 0 . P. T. Cleve prepared chromic decahydroxy 
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tetramminOSUlphate, Cr 4 (OH) 1 0 (SO 4 ) (NH 3 ) 4 .19H 2 O, b y the act ion of ammonia 
on a m m o n i u m chrome-alum. P . PfeifEer and W. Vorster prepared c h r o m i c h e x a -
hydroxysexiesethylenediaminosulphate, [Cr4(OH)6enG](SO4)3.10H2O. M. Z. Jovi t -
schitsch treated a chromium salt w i th a l ittle aq. ammonia , and about a gram of 
the l ight grey hydroxide treated w i th just enough sulphuric acid t o dissolve it , 
d i luted to about 25 c.c., and m i x e d w i t h the same vol . of ammonia . A grey 
precipitate is formed which redissolves in an hour or two . W h e n the soln. is 
treated with alcohol, the red oil which is formed, when freed from a m m o n i u m 
sulphate, solidifies to a red mass of c h r o m i c d ioxyhexamminod i su lphate j 

( N H 3 ) 2 = C r . O . N H 3 . C r = S 0 4 1 Q H Q 

(NH3) 2 = C r . O . N H 3 . C r = S 0 4
 2 

W h e n dried over sulphuric acid, i t loses 4 H 2 O , b u t w h e n left in contact with water, 
i t gradually suffers hydrolys is and becomes paler, the acid radicles being partly 
replaced by hydroxy l groups. I t is stable in absolute alcohol, but absorbs carbon 
dioxide when exposed to the air. D . S tromholm prepared plat inic d ihydroxysul -
phatoctamminochromatodichromate, [Pt2(NH3)Q(OH)2SO4]Cr2O7(CrO4), as well 
as platinic hydroxysulphatotetramininodicliromate, [Pt(NH3)4(OH)(S04)]2Cr207 , 
previously obtained by P . T. CIeve. 

H . Schiff prepared the monohydrate of g r e e n c l i romic ch lorosu lphate , 
CrClSO4-H2O, b y evaporat ing at about 50° a soln. of basic chromic sulphate in 
cold hydrochloric acid. A. Recoura, a n d A. Werner a n d R. H u b e r obtained the 
hexahydrate b y boiling for a quarter of an hour 60 grms. of v io le t chromic sulphate 
wi th 50 c.c. of fuming hydrochloric acid, and allowing the mixture t o s tand for 
some days . R. F . Weinland and R. Krebs obta ined the octohydrate b y evaporating 
a t 10° over cone, sulphuric acid a mixture of a cone. aq. soln. of the green chloride 
w i th an eq. quant i ty of sulphuric acid ; and R. F . Wein land and T. Schumann, 
and N . Bjerrum also obtained i t from one of the chromic chlorides and sulphuric 
acid. H . Schiff described his monohydrate as a green, hygroscopic, amorphous 
mass ; A. Werner and R. Huber described his hexahydrate as a bluish-green mass 
of tabular crystals ; and R. F . Weinland and co-workers found the octohydrate 
forms pale green masses of tabular crystals . A. Recoura, and R. F . Weinland and 
co-workers said t h a t a pentahydrate is formed b y heat ing the higher hydrate at 
85°, or exposing i t in vacuo over sulphuric acid. A soln. of the salt g ives no imme­
diate precipitation wi th silver nitrate, but a precipitate w i th barium chloride is 
formed a t once showing t h a t the chloride radicle is masked, but no t so wi th the 
sulphate radicle. The lowering of the f.p. is rather greater than would correspond 
wi th t h a t for the non-oxidized molecule ; and the mol . conduct iv i ty 76-5 for v = 1 2 5 
a t 1° corresponds wi th the dissociation of the salt into t w o ions. The conduct iv i ty 
gradually increases w h e n the soln. is a l lowed t o s tand showing that the salt is 
gradual ly resolved into three ions as i t is transformed into the v io let salt . The 
formula for c h r o m i c ch loropentaquosu lphate , [Cr(H 2O) 5Cl]SO 4^H 2O, fits the 
facts very w e l l ; and this , changing to the v io let salt, forms [Cr(H2O)6](SO4)CLnH2O. 
N . Rjerrum discussed the case where the sulphate radicle is n o t immediate ly pre-
cipitable. L. A. WeIo gave 19-86 X 10~~6 for the magnet ic susceptibi l i ty of 
[Cr(H 2O) 0 ]ClSO 4 .2H 2O, and 1 9 - 6 2 x 1 0 - 6 for [ C r ( H 2 0 ) 5 C l ] S 0 4 . 3 H 2 0 -

R. F . Weinland and R. Krebs obtained the octohydrate of v io le t c h r o m i c ch loro-
su lphate , C r C l S 0 4 . 8 H 2 0 , b y mix ing 26-6 grms. of the greyish-blue CrCl3 .6H2O 
dissolved in 28 grms. of water, wi th 10 grms. of cone, sulphuric acid mixed with 
18 grms. of water, all well cooled. Violet acicular crystals of the salt separate in 
a few days as the mixture is evaporated in a desiccator ; if 11 grms. of water and 
10 grms. of cone, sulphuric acid are used tabular crystals are formed. If the 
octohydrate is kept over sulphuric acid in vacuo it forms the hexahydrate. An 
aq. soln. of the salt evaporated over sulphuric acid yields violet chromic sulphate. 
An acidified soln., at 0°, g ives an immediate precipitation of silver chloride when 
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t r e a t e d w i t h si lver n i t r a t e , b u t b a r i u m s u l p h a t e is n o t a t once p r e c i p i t a t e d b y 
b a r i u m chlor ide . T h e mol . c o n d u c t i v i t y is 116 for v = 12& a t 1°, showing t h a t t h e 
sa l t is n o t all ionized i n t o t h r e e ions . T h e lower ing of t h e f .p. also g ives va lue s 
r a t h e r l a rger t h a n t h o s e r e q u i r e d for t h e non- ionized molecule . T h e fac ts a r e con­
s idered t o fit t h e fo rmula for c h r o m i c hexaquochlorosu lphate , [Cr (H 2 O) 0 ] (SO 4 )Cl . 
w H 2 0 . A. del C a m p o a n d co-workers o b t a i n e d t h e v io le t sa l t b y t h e a c t i o n of 
h y d r o g e n chlor ide o n a cold, cone . soln. of t h e viole t c h r o m i c s u l p h a t e . E . Moles 
a n d M. Crespi g a v e 1-799 for t h e sp . gr. of [Cr (H 2 O) 6 ]C l (SO 4 ) .H 2 O, a t 25°/4° ? a n d 
171 for t h e mo l . vo l . Acco rd ing t o A. W e r n e r a n d R . H u b e r , b y m i x i n g cone . soln. 
of v io le t c h r o m i c s u l p h a t e , a n d green ch romic chlor ide, a n d a d d i n g cone , s u l p h u r i c 
ac id whi le t h e m i x t u r e is cooled w i t h iced wa te r , g reen c rys t a l s of t h e 
b imoleeu la r , g reen ch lo rosu lpha te , (CrClSO 4 .6H 2 O) 2 , t h o u g h t b y A. W e r n e r 
a n d R . H u b e r , a n d N . B j e r r u m t o b e chromic d i ch loro te t raquochromihexaquo-
disulphate , [ C r ( H 2 0 ) 6 ] ( S 0 4 ) 2 [ C r ( H 2 0 ) 4 C l 2 ] . 2 H 2 0 . T h e aq . soln. does n o t g ive a n 
i m m e d i a t e p r e c i p i t a t i o n w i t h si lver n i t r a t e , b u t , i t does give one w i t h b a r i u m 
chlor ide . A 1 : 10-soln. of t h e sa l t in dil . hydroch lo r ic acid , w h e n s a t . w i t h h y d r o g e n 
chlor ide , p r ec ip i t a t e s half t h e c h r o m i u m as b lue ch romic chlor ide . N . B j e r r u m 
and G. H. Hansen likewise prepared chromic dichlorotetraqualuminohexaquo-
disulphate, [Cr(H20)4Cl2][Al(H20)6(S04)2 .2H20 ; and chromic dichlorotetrqquo-
vanadihexaquodisulphate, [Cr(H2O)4Cl2][V(H2O)6 J(SO4J2.2H2O5 by the electrolytic 
r educ t ion of v a n a d y l s u l p h a t e in t h e presence of c h r o m i c ch lor ide . A. W e r n e r a n d 
R . H u b e r , a n d N . B j e r r u m a n d G. H . H a n s e n o b t a i n e d c h r o m i c d ibromote traquo-
Chromihexaquodisulphate , [ C r ( H 2 0 ) 6 ] ( S 0 4 ) 2 [ C r ( H 2 0 ) 4 B r 2 ] . 2 H 2 0 , b y t h e a c t i o n of 
h y d r o g e n b r o m i d e as in t h e ana logous case of t h e p reced ing sa l t . T h e d a r k 
green p l a t e s a re soluble in w a t e r ; a n d a re p r e c i p i t a t e d f rom t h e a q . soln. b y 
su lphur i c ac id . N . B j e r r u m a n d G. H . H a n s e n l ikewise p r e p a r e d c h r o m i c d i b r o m o -
tetraquoaluminohexaquodisulphate, [Cr(H20)4Br2][Al(H20)6](S04)2 .2H20, as 
well as the corresponding chromic dibromotetraquoferrihexaquodisulphate, 
[ C r ( H 2 0 ) 4 B r 2 ] [ F e ( H 2 0 ) 6 ] ( S 0 4 ) 2 . 2 H 2 0 ; a n d d a r k green c rys ta l s of c h r o m i c d i -
bromotetraquovanadihexaquodisulphate, [Cr(H 20) 4Br 2 ] [V(H 20) 6 ] (80 4 ) 2 .2H 20, by 
t h e electrolysis of v a n a d y l s u l p h a t e i n t h e presence of c h r o m i c b r o m i d e . T h e corre­
s p o n d i n g t i t a n i u m a n d m a n g a n e s e sa l t s could n o t b e p r e p a r e d . 

S. M. J o r g e n s e n p r e p a r e d yel low o c t a h e d r a l c rys ta l s of c h r o m i c h e x a m m i n o -
iodosulphate , [Cr(NH 3 ) 6 1(SO 4 ) I , b y a d d i n g a m m o n i u m iodide a n d s u l p h a t e t o a n 
a m m o n i a c a l soln. of t h e chlor ide of t h e series. 

N . La r s son p r e p a r e d a m m o n i u m c h r o m i c ch loropentaquodichlorosulphate , 
[ C r C l ( H 2 O ) 5 ] C l 2 . ( N H 4 ) 2 S 0 4 . H 2 0 , b y a d d i n g a m m o n i u m s u l p h a t e t o a well-cooled 
soln. of c h r o m i c ch lo ropen taquod ich lo r ide ; a m m o n i u m c h r o m i c c h l o r o p e n t a q u o -
disulphate , [CrCl(H 3O) 5 ] S 0 4 . (NH 4 J 2 SO 4 , b y a d d i n g a lcohol t o a cold soln. af ter 
boi l ing a m i x t u r e of soln. of ch romic ch lo ropen taquod ich lo r ide a n d a m m o n i u m sul­
p h a t e ; if t h e soln. c o n t a i n s su lphur i c acid, a m m o n i u m c h r o m i c c h l o r o p e n t a q u o -
su lphatohydrosulphate , [C rC l (H 2 O) 6 ]SO 4 (NH 4 )HSO 4 , is f o r m e d ; l ikewise w i t h 
h y d r o x y l a m i n e chromic ch loropentaquochlorosulphate , [CrCl(H 2 O) 5 ]Cl(SO 4 ) . 
( N H 4 0 ) 2 S 0 4 . 2 H 2 0 ; a n d h y d r o x y l a m i n e c h r o m i c ch loropentaquosu lphatohydro-
su lphate , [CrCl (H 2 O) 5 ]SO 4 - (NH 4 O)HSO 4 . Complexes were also p r e p a r e d w i t h 
s u l p h a t e s of organic b a s e s — m e t h y l a m m o n i u m , d i m e t h y l a m m o n i u m , t e t r a m e t h y l -
a m m o n i u m , e t h y l a m m o n i u m , p y r i d i n i u m , a n d s t r y c h n i n e . 

R . F . W e i n l a n d a n d T. S c h u m a n n obse rved t h a t a soln. of g reen h y d r a t ed 
c h r o m i c ch lor ide a n d a m m o n i u m s u l p h a t e in equ imo la r p r o p o r t i o n s depos i t s c ry s t a l s 
of ammonium chromic trichlorodisulphate, CrCl*.2(NH4)2S04 .6H20, or ammonium 
chromic tricUorotetraquodisulphate, [Cr(H20)4Cl2JC1.2(NH4)2S04 .2H20, in the 
f o r m of large , green , four- or s ix-sided p l a t e s w h e n k e p t a s h o r t t i m e in a des icca tor . 
O n l y o n e - t h i r d of t h e chlor ine is p r e c i p i t a t e d i m m e d i a t e l y b y s i lver n i t r a t e f rom a n 
acidif ied so ln . of t h e sa l t a t 0°, whe rea s all t h e s u l p h a t e is t h r o w n d o w n i m m e ­
d i a t e l y b y b a r i u m chlor ide . N . La r s son prej>ared t h i s s a l t a s well a s a m m o n i u m 
chromic dicMorotetr^^ . a n d 
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N . La r s son , a n d R . F . W e i n l a n d a n d T. S c h u m a n n found t h a t a m m o n i u m chromic 
dicMorohydrosulphatotr isulphate , [ C r ( H 2 0 ) 4 C l 2 ] 2 S 0 4 . 2 ( N H 4 J 3 S O 4 ( H S O 4 ) , separ­
a t e s in g reen needles f rom a soln. c o n t a i n i n g a mol of g reen h y d r a t e d c h r o m i c 
chlor ide , a mo l of a m m o n i u m s u l p h a t e , a n d 1 t o 3 mols of s u l p h u r i c ac id . I n a n 
acidified soln. of t h e sa l t a t 0° , s i lver n i t r a t e does n o t p roduce an i m m e d i a t e p r e ­
c ip i t a t e , b u t all t h e s u l p h a t e is a t once t h r o w n d o w n b y b a r i u m ch lor ide . N". L a r s s o n 
found t h a t c h r o m i u m d i c h l o r o t e t r a q u o s u l p h a t e fo rms complex sa l t s w i t h t h e 
s u l p h a t e s of o rgan ic b a s e s — m e t h y l a m m o n i u m , t e t r a m e t h y l a m m o n i u m , e t h y l -
a m m o n i u m , t e t r a e t h y l a m m o n i u m , g u a n i d i n i u m , a n d p y r i d i n i u m . 

J . Meyer a n d V. S t a t e c z n y 3 o b t a i n e d ind i ca t i ons of t h e exis tence of c l i romyl 
su lphury! chloride, CrSO 5 Cl 2 , f o rmed b y t h e a c t i o n of s u l p h u r t r iox ide on a well-
cooled soln. of c h r o m y l ch lor ide in c a r b o n t e t r a ch lo r i de , a n d t h e m i x t u r e h e a t e d 
in a sealed t u b e a t 120°. T h e b r o w n p r o d u c t fumes in air , i t is decomposed b y 
w a t e r i n to s u l p h u r t r i o x i d e a n d c h r o m y l ch lor ide . 
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§ 31 . Chromium Carbonates 
Accord ing t o A . Mobe rg , 1 t h e p r e c i p i t a t e p r o d u c e d b y a d d i n g a n a lkal i c a r b o n a t e 

t o a soln. of c h r o m o u s ch lor ide is s u p p o s e d t o b e c b r o m o u s carbonate , CrCO3 , wh ich 
is s imi la r in m a n y re spec t s t o m a g n e s i u m , zinc, a n d fer rous c a r b o n a t e s . W h e n 
c h r o m o u s ch lor ide is a d d e d t o a boi l ing soln. of p o t a s s i u m c a r b o n a t e , t h e r edd i sh -
b rown p r e c i p i t a t e g r a d u a l l y a c q u i r e s a b lu i sh-green colour p r o v i d e d air be exc luded , 
a n d t h e s u p e r n a t a n t l iquor b e c o m e s yel low, a n d depos i t s b rown-ye l low p la t e s , 
which, w h e n exposed t o air , become o p a q u e a n d g reen . If t h e s e be n o w placed in 
wa te r , a ye l low soln. a n d a g reen i sh-b lue res idue a r e fo rmed . Again , if a cold soln. 
of p o t a s s i u m c a r b o n a t e , freed f rom air , is e m p l o y e d , a d e n s e ye l low p o w d e r m a y be 
p r ec ip i t a t ed , or b lu i sh-green flakes—of t h e s a m e c o m p o s i t i o n — m a y a p p e a r . If 
t h e yel low or b rown i sh - r ed l iqu id b e exposed t o air , i t t u r n s g reen , a n d depos i t s a 
g r e e n s u b s t a n c e ; if t h e l i qu id b e k e p t i n c losed vessels , c a r b o n d iox ide is evo lved a n d 
t h e l iqu id becomes t u r b i d , a n d depos i t s a green, f locculent p r e c i p i t a t e which also 
gives oft* c a r b o n d ioxide , a n d h y d r o g e n , forming b r o w n , h y d r a t e d c h r o m o s i c ox ide . 
T h e p r e c i p i t a t e o b t a i n e d w i t h t h e cold soln . of p o t a s s i u m c a r b o n a t e , o n boi l ing , g ives 
off c a r b o n d iox ide , a n d t h e n dissolves in ac ids w i t h o u t effervescence. If p o t a s s i u m 
h y d r o c a r b o n a t e b e e m p l o y e d , a s imi la r p r o d u c t is o b t a i n e d b u t c o n t a i n i n g m o r e 
c a r b o n d iox ide , whi le t h e l iqu id r e t a i n s m o r e c h r o m o u s c a r b o n a t e in soln. 
H . Moissan o b t a i n e d t h e c a r b o n a t e of a h i g h degree of p u r i t y , b y a d d i n g s o d i u m 
c a r b o n a t e t o a soln. of c h r o m o u s ch lor ide whi le a i r is e x c l u d e d . T h e a m o r p h o u s , 
g rey i sh -whi te c a r b o n a t e t a k e s u p o x y g e n f rom air , a n d w h e n h e a t e d i t fo rms ch romic 
ox ide a n d c a r b o n m o n o x i d e ; i t is spa r ing ly soluble in -water s a t . w i t h c a r b o n 
d iox ide ; if a l lowed t o s t a n d in w a t e r exposed t o a i r , i t b ecomes r e d a n d t h e n 
changes t o bluish h y d r a t e d c h r o m i c ox ide . 

G. B a u g e p r e p a r e d a series of d o u b l e c a r b o n a t e s b y t h e a c t i o n of a c a r b o n a t e 
on m o i s t c h r o m o u s a c e t a t e or t a r t r a t e in a n a t m . of c a r b o n d iox ide . H e o b t a i n e d 
ammonium chromous carbonate, (NH4J2CO3.CrCO3.H2O, by passing a current of 
ca rbon d iox ide t h r o u g h a n a m m o n i a c a l soln. of c h r o m o u s a c e t a t e , a n d wash ing t h e 
p r e c i p i t a t e success ively w i t h a q . a m m o n i a , a lcohol , a n d e the r , a n d d r i ed in a 
c u r r e n t of h y d r o g e n c h a r g e d w i t h a m m o n i a . T h e s a m e sa l t w a s o b t a i n e d b y boi l ing 
a soln. of c h r o m o u s a c e t a t e in a m m o n i a w i t h s o d i u m c a r b o n a t e in a c u r r e n t of 
h y d r o g e n . T h e yel low, c rys t a l l ine p o w d e r , w h e n t h o r o u g h l y dr ied , is fair ly s t ab le 
in d r y air . I t is v e r y a c t i v e chemica l ly . I n air , i t forms ch romic h y d r o x i d e , 
w i t h ch lor ine i t fo rms c h r o m i c ch lor ide ; i t dissolves in hydroch lo r i c or su lphur ic 
ac id fo rming a b lue soln. if a i r b e a b s e n t ; a n d h y d r o g e n su lph ide c o n v e r t s i t i n t o 
c h r o m i c su lph ide . G. B a u g e o b t a i n e d i m p u r e Lithium c h r o m o u s carbonate b y 
a d d i n g l i t h i u m c a r b o n a t e t o c h r o m o u s a c e t a t e s u s p e n d e d in wa t e r . Accord ing t o 
G. B a u g e , w h e n well w a s h e d a n d m o i s t c h r o m o u s a c e t a t e is m i x e d wi th a soln. of 
s o d i u m c a r b o n a t e , i t first dissolves , a n d af ter a t i m e a r e d d i s h - b r o w n c o m p o u n d 
s e p a r a t e s ; t h i s is w a s h e d w i t h w a t e r , a n d a f t e r w a r d s w i t h 98 p e r cen t , a lcohol , all t h e 
o p e r a t i o n s b e i n g c o n d u c t e d in a n a t m . of c a r b o n d iox ide . W h e n dr ied in a c u r r e n t 
of t h e s a m e gas , t h e r e su l t i ng decahydrate of s o d i u m c h r o m o u s carbonate , 
Na 2 CO 3 -CrCO 3 - IOH 2 O, fo rms microscopic , t a b u l a r lozenge-shaped crys ta l s which 
lose w a t e r i n v a c u o a t t h e o r d i n a r y t e m p , or a t 10O°. I t is v e r y soluble in cold 
w a t e r , b u t t h e so lubi l i ty g r a d u a l l y d imin i shes , p r o b a b l y in consequence of po lymer i ­
za t ion . I t is a powerful r educ ing agen t , a n d decomposes wa t e r a t a l i t t le below 
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100° w i t h l ibe ra t ion of h y d r o g e n . W h e n exposed t o d r y air, i t effloresces, a n d is 
a f t e rwa rds conve r t ed i n t o a m i x t u r e of s o d i u m c a r b o n a t e a n d c h r o m i c h y d r o x i d e ; 
in mo i s t air , i t oxidizes r a p i d l y w i t h d e v e l o p m e n t of h e a t . Chlor ine c o n v e r t s i t 
i n t o ch romic ox ide w i t h l i be ra t ion of c a r b o n d ioxide ; h y d r o g e n a n d h y d r o g e n 
sulpir ide h a v e no ac t ion on i t i n t h e cold, a n d w h e n h e a t e d a t 100° i n a c u r r e n t of 
t h e s e gases, i t y ie lds t h e m o n o h y d r a t e . DiJ. hydroch lo r i c a n d su lphu r i c ac ids 
dissolve t h e sal t , f o rming b lue soln. T h e monohydrate, N a 2 C r ( C O s ) 2 . H 2 O , o b t a i n e d 
b y t h e ac t ion of a c u r r e n t of a n i n e r t gas a t 100°, is a ye l low p o w d e r w h i c h b e c o m e s 
b r o w n w h e n h e a t e d in v a c u o or in a c u r r e n t of hyd rogen , b u t rega ins i t s ye l low co lour 
on cooling. A t 300°, i t decomposes in to sod ium c a r b o n a t e a n d c h r o m i c ox ide . 
W h e n hea t ed in air , i t is c o n v e r t e d i n t o s o d i u m c h r o m a t e ; w h e n h e a t e d i n ch lor ine 
i t y ie lds c h r o m y l d ichlor ide a n d ch romic oxide ; in h y d r o g e n su lph ide a t a b o u t 
240°, i t y ie lds t h e red , c rys ta l l ine ch romic su lph ide—othe rwise i t r e sembles t h e 
d e c a h y d r a t e . W h e n c h r o m o u s a c e t a t e is t r e a t e d w i t h a 20 p e r cen t . soln. of 
p o t a s s i u m c a r b o n a t e , po tass ium c h r o m o u s carbonate , K 2 C O 3 . C r C O 3 . 3 H 2 O , is 
fo rmed in yel low, h e x a g o n a l p r i sms , which a t first dissolve in w a t e r , b u t g r a d u a l l y 
po lymer ize , w h e t h e r in soln. or in t h e solid s t a t e , a n d b e c o m e less soluble . I t is 
a powerful r educ ing agen t , a n d decomposes w a t e r be low 100° ; w h e n h e a t e d o u t of 
c o n t a c t w i t h air , i t becomes b rown , b u t rega ins i t s or iginal colour o n cool ing ; a t 
a b o u t 280°, i t decomposes . W h e n h e a t e d i n air , i t is c o n v e r t e d i n t o p o t a s s i u m 
c h r o m a t e . If t h e yellow, complex c a r b o n a t e is s u s p e n d e d in w a t e r a n d t r e a t e d w i t h 
a c u r r e n t of c a r b o n d ioxide , or if t h e c h r o m o u s a c e t a t e is t r e a t e d w i t h a di l . soln. of 
p o t a s s i u m c a r b o n a t e , a less soluble, r ed doub le c a r b o n a t e is fo rmed ; i t is p a r t i a l l y 
decomposed b y wa te r , a n d decomposes w a t e r a t 100°. T h e c a r b o n a t e s of b a r i u m , 
s t r o n t i u m , a n d ca lc ium h a v e no a c t ion on c h r o m o u s ace t a t e , b u t m a g n e s i u m 
h y d r o c a r b o n a t e conver t s c h r o m o u s a c e t a t e i n t o r e d d i s h - b r o w n m a g n e s i u m c h r o -
m o u s carbonate which coxild n o t be o b t a i n e d free from m a g n e s i u m c a r b o n a t e , a n d 
which decomposes w a t e r a t 100°. 

Acco rd ing t o M. Z. Jov i t s ch i t s ch , ch romic h y d r o x i d e freed f rom all t r aces of 
a lka l i a n d a m m o n i a , absorbs c a r b o n d iox ide f rom t h e a t m . u n t i l t h e s a t u r a t i o n 
limit corresponding with chromic pentahydroxycarbonate, [Cr 2 (0H) 5 ] 2 C0 3 .8H 2 0, 
is a t t a i n e d . This s u b s t a n c e c a n be d r i ed a t 100° w i t h o u t losing c a r b o n d iox ide , 
b u t i t is decomposed b y ac ids . T h e g r aph i c fo rmula is supposed t o b e e i the r 

Accord ing t o H . Hose , a lka l i c a r b o n a t e s p r e c i p i t a t e f rom soln. of ch romic sa l t s 
a pa le green h y d r o x i d e c o n t a i n i n g m o r e or less c a r b o n a t e , wh ich on s t a n d i n g 
becomes b lue in day l igh t , a n d v io le t in artificial l igh t . A n excess of t h e p r e c i p i t a n t 
dissolves t h e p rec ip i t a t e , a n d t h e soln. gives no p r e c i p i t a t e w h e n boi led ; p o t a s s i u m 
or a m m o n i u m h y d r o c a r b o n a t e b e h a v e s s imi la r ly ; b u t b a r i u m c a r b o n a t e s lowly 
p r e c i p i t a t e s h y d r a t e d ch romic ox ide c o m p l e t e l y f rom cold soln. J . 1ST. v o n F u c h s 
m a d e a s imi la r o b s e r v a t i o n w i t h r e spec t t o ca lc ium c a r b o n a t e ; a n d H . D e m a r c a y , 
wi th r e spec t t o s t r o n t i u m a n d m a g n e s i u m c a r b o n a t e s . K . F . W . Meissner, J . Lefor t , 
a n d T. P a r k m a n o b t a i n e d bas ic c h r o m i c c a r b o n a t e s b y t h e a c t i o n of a lkal i or 
a m m o n i u m c a r b o n a t e on a soln. of a c h r o m i c sa l t . M. H e b b e r l i n g a d d e d t h a t t h e 
f reshly-formed p r e c i p i t a t e is so luble i n soln. of a lkal i c a r b o n a t e or b o r a x . T h e 
compos i t ion of t h e p r e c i p i t a t e d e p e n d s on t h e cond i t ions ; t h u s , K . F . W . Meissner 
g a v e I0Cr 2 O 3 . 7CO 2 . 8HoO ; J . J . Berzel ius , 4 C r 2 0 3 . C 0 2 . H 2 0 : a n d C. Langlo i s , 
2 C r 2 0 3 . C 0 2 . 6 H 2 0 . 

T. P a r k m a n d r o p p e d a cold, a q . soln. of c h r o m e - a l u m i n t o a soln. of s o d i u m 
c a r b o n a t e wi th c o n s t a n t s t i r r ing u n t i l t h e m i x t u r e h a d o n l y a s l igh t a lka l ine r eac t i on . 
T h e u n w a s h e d , m o i s t p r e c i p i t a t e co r r e sponded w i t h c h r o m i c oxyd icarbonate , 
Cr 2 O(CO 8 J 2 . If t h e m i x i n g b e d o n e i n t h e reverse w a y , t h e p r e c i p i t a t e is con­
t a m i n a t e d w i t h s u l p h a t e . J . JLefort t r e a t e d a v io le t soln. of a c h r o m i c s a l t w i t h a 
m o d e r a t e excess of s o d i u m c a r b o n a t e a n d , a f te r wash ing a n d d r y i n g t h e p r o d u c t , 
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a t t a i n e d c h r o m i c d ioxycarbonate , Cr 2O 2 (CO 3 ) . I t loses c a r b o n d iox ide a t 300°. 
T. P a r k m a n o b t a i n e d a s imi lar p r o d u c t b y a d d i n g s o d i u m c a r b o n a t e t o a boi l ing 
soln. of c h r o m e a l u m ; a n d W . W a l l a c e b y a d d i n g s o d i u m or a m m o n i u m c a r b o n a t e 
t o a cold di l . soln. of c h r o m i c ch lor ide . T h e w a s h e d p r e c i p i t a t e w a s d r i ed a t 
o r d i n a r y t e m p . 

O. T . Chr i s tensen p r e p a r e d c h r o m i c n i tr i topentamminocarbonate , [ C r ( N H 3 ) 5 -
(JSTO2)]COs, b y t r i t u r a t i n g a n excess of s i lver c a r b o n a t e w i t h t h e chlor ide of t h e series , 
a n d t r e a t i n g t h e n i t r a t e w i t h a lcohol . T h e yel low, c rys ta l l ine p r o d u c t cou ld n o t 
b e o b t a i n e d p u r e . I t is eas i ly d e c o m p o s e d ; is freely soluble in w a t e r ; a n d t h e 
soln. g ives t h e cha rac t e r i s t i c r eac t ions of t h e c a r b o n a t e s . 

Accord ing t o N . J . Ber l in , c h r o m i c c a r b o n a t e dissolves spa r ing ly in a n a q . soln. 
of p o t a s s i u m c a r b o n a t e , fo rming a pa le -g reen soln. which s e p a r a t e s on p ro longed 
boi l ing . If c h r o m i c chlor ide is s u p e r s a t u r a t e d w i t h a cone . soln. of p o t a s s i u m 
c a r b o n a t e , v e r y l i t t l e p r e c i p i t a t e is red isso lved ; d i sso lu t ion occurs on m i x i n g 
m o r e d i l . soln. T h e soln. of h y d r a t e d c h r o m i c c a r b o n a t e in a boi l ing soln. of; 
p o t a s s i u m h y d r o c a r b o n a t e depos i t s on cool ing a c o m p l e x p o t a s s i u m chromic 
carbonate i n pa le g reen c rys ta l l ine scales, whi le a soln. of p o t a s s i u m c a r b o n a t e 
u n d e r s imi la r cond i t i ons depos i t s a p u l v e r u l e n t c o m p l e x sa l t o n e v a p o r a t i o n . A 
m i n e r a l a s soc ia ted w i t h t h e s e rpen t i ne a n d c h r o m i t e of D u n d a s , T a s m a n i a , was 
cal led s t i cht i te—after R . S t i c h t — b y W . F . P e t t e r d , 2 a n d chromobrugnatellite, by 
L. Hezner. I t s composition is tha t of a magnesium chromic hydroxycarbonate, 
2MgCO 3 . 5Mg(OH) 2 . 2Cr (OI I ) 3 . 4H 2 O, l ike b r u g n a t e l l i t e , wi th c h r o m i u m in p lace 
of i ron ; or h y d r o t a l c i t e w i th c h r o m i u m in p lace of a l u m i n i u m . T h e m i n e r a l 
occurs in micaceous scales of a l i lac colour . T h e c leavage is good ; t h e sp . gr. is 
2-16 ; t h e re f rac t ive i ndex , 1-542 ; i t is op t i ca l ly un i ax i a l or feebly b iax ia l ; t h e 
op t i ca l c h a r a c t e r is n e g a t i v e ; a n d i t is feebly p leochro ic . O b s e r v a t i o n s o n t h e 
m i n e r a l were m a d e b y W . F . F o s h a g , Li. H e z n e r , a n d A. H i m m e l b a u e r . 

T h e m i n e r a l heresowi te , beresovite, or berezovite w a s found b y J . Samoiloff 3 i n 
Berezov , Ura l s , a s soc ia ted w i t h t h e ga lena a n d ceruss i te . I t is a l ead c a r b o n a t o -
c h r o m a t e , 6PbO.3CrO 3 .COo ; a n d i t occurs in d e e p red , b i re f r ingen t p l a t e s of sp . gr. 
6-69. 

1 JST. J . Ber l in , StocMtolm Ahad. Handle I, 1 8 4 4 ; 65, 1 8 4 5 ; Journ. praht. CKem.* (1), 38. 
144, 1846 ; A . Moberg, ib., (1), 44 . 328. 1848 ; O. T . Chris tensen, ib., (2), 24 . 89, 1881 ; J . "Lefort, 
Journ. rhcirrn,. Chim., (3), 14. 15, 1848 ; Comjtt. Rend** 27 . 269, 1848 ; M. Z. .Jovitsehitsch. 
Monatsh., 34. 225, 1 9 1 3 ; Helvetica Chim,. Acta, 3 . 46, 1 9 2 0 ; Com.pt. Rend., 158. 872, 1914 ; 
G. Bauge , ib., 122. 474, 1896 ; 125. 1177, 1897 ; 126. 1566, 1898 ; 138. 1219, 1904 ; Snr qnelgues 
carbonates doubles du protoxyde de chrome (oxyde salin de chrome), Pa r i s , 1899 ; Hull. Soc. Chim,., 
(3), 19. 107, 1898 ; (3), 19. 107, 1898 ; (3), 3*1. 782, 1904 ; Ann. Chin*. l>hu.«.. (7), 19. 158, 190O : 
0 . LangloJK, ib., (3), 48 . 502, 3 856 ; H . Moissaxi, ib., (5), 25. 414, 1882 ; J . J . Berzelius, Lehrbuch 
der chemie, Dresden , 3 . 1086, 1848 ; T . P a r k m a n , Auber. Journ,. Science, (2), 34 . 321, 1862 ; Cherry. 
News, 7. 112, 122, 1863 ; W . Wal lace , B.A. Rep., 69, 1858 ; Chem. Gaz., 16. 410, 1858 ; Journ. 
prakt. Chem., (1), 76 . 310, 1859 ; H . Rose, Rogg. Ann., 83. 143, 1851 ; J . B a r r a t t , Chem. News, 
1. HO, 1860 ; M. Hebber l ing , Chem. Centr., (3), 1. 122, 1870 ; K . F . W . Meissner, Gilbert's Ann., 
60. 366, 1818 ; J . N . von F u c h s , Schiveigger's Journ., 62. 191, 1831 ; H . Dernarcav , Liebig's Ann., 
11. 241 , 1834. 

2 W . F . P e t t e r d , Catalogue of the Minerals of Tasmania, 167, 1910 ; L . Hezner , Centr. Min., 
569, 1912 ; A . H i m m e l b a u e r , Tschermalcs Mitt., (2), 32. 135, 1913 ; W . K. Foshag , Proc. U.S. 
Nat. Museum, 58. 147, 1921. 

3 J". Samoiloff, Bull. Soc. Moscow, 29O, 1897. 

§ 32. Chromium Nitrates 
F . All ison a n d E . J . M u r p h y l r e p o r t e d t h e e x a m i n a t i o n of t h e magne to -op t i c 

p r o p e r t i e s of a soln. of c h r o m o u s n i trate , Cr(NOg) 2 . A. A. H a y e s obse rved t h a t a 
soln. of h y d r a t e d c h r o m i c o x i d e in a n excess of n i t r i c ac id ; or, acco rd ing t o H . Lowel , 
of a bas ic n i t r a t e in t h a t ac id fo rms a soln. wh ich is b lue by reflected a n d red by t r a n s -

Com.pt
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m i t t e d l ight . According t o J . R . P a r t i n g t o n a n d S. K . T w e e d y , a soln. of c h r o m i c 
hydrox ide—fresh ly p rec ip i t a t ed f rom c h r o m e - a l u m in t h e cold, a n d w a s h e d w i t h h o t 
w a t e r — i n cold I i V - N H O 3 is green, b u t i n a few d a y s i t becomes v io le t . W h e n k e p t 
i n a s toppe red bot t le , i t depos i t s r edd i sh-v io le t c rys t a l s of c h r o m i c n i trate , 
C r ( N O s ) 3 . 1 2 J H 2 O . T n e hemipentacosihydrate m e l t s a t 104° t o 105°. J . M. O r d w a y 
found t h a t t h e soln. furnishes pu rp l e , r h o m b i c p r i sms of c h r o m i c n i t r a t e , 
C r ( N 0 3 ) 3 . 9 H 2 0 . J . R . P a r t i n g t o n a n d S. K . T w e e d y o b t a i n e d t h e c rys t a l s of t h e 
e n n e a h y d r a t e b y al lowing a soln. of v io le t ch romic ch lor ide i n n i t r i c ac id t o c rys t a l ­
lize in a v a c u u m desiccator . The enneahydrate m e l t s a t 36*5°, a n d decomposes a t 
100°. I t is soluble in alcohol. J . R . P a r t i n g t o n a n d S. K . T w e e d y g a v e 66° t o 
66*5° for t h e in .p . , a n d t he r e is n o sign of a t r a n s i t i o n a t t h i s t e m p , t o a second 
h y d r a t e . O. M. Ha l se said t h a t a soln. of h y d r a t e d c h r o m i c ox ide in di l . n i t r i c acid, 
w h e n e v a p o r a t e d v e r y slowly, depos i t s v io le t c rys t a l s of t h e hemipentadeca hydrate, 
2 C r ( N 0 3 ) 3 . 1 5 H 2 0 , which me l t a t 100°, a n d d e c o m p o s e d u r i n g d e h y d r a t i o n ; b u t 
J . R . P a r t i n g t o n a n d S. K . T w e e d y sa id t h a t O. M. H a l s e ' s sa l t is rea l ly t h e h e m i ­
p e n t a c o s i h y d r a t e . M. Z. J o v i t s c h i t s c h found t h a t b y d issolv ing c h r o m i c ox ide in 
ho t , cone, n i t r ic acid, of sp . gr. 1-4, t h e soln. on c rys t a l l i za t ion furnish d a r k b r o w n , 
monocl in ic p r i sms of t h e h e m i p e n t a d e c a h y d r a t e , 2Or(N 0 3 ) 3 . 1 5 H 2 O , w i t h t h e ax ia l 
r a t io s a : b : < —1-4250 : 1 : 1-1158, a n d £ — 9 3 ° K) ' . I n c o n t a c t "with d r y air , t h e 
grey coloured hemienneahydrate, 2Cr (NO 3 ) . 9H 2 O, is fo rmed . T h e c rys t a l s a re red 
b y t r a n s m i t t e d l ight ; t h e y a re n o t c h a n g e d b y a i r ; a n d dissolve in w a t e r , a n d 
alcohol . M. Z. Jov i t s ch i t s ch found t h a t t h e e v a p o r a t i o n of a n i t r i c ac id soln. of 
ch romic oxide yields a d a r k b r o w n mass which , w h e n dissolved in w a t e r a n d t h e soln. 
e v a p o r a t e d , furnishes a d a r k green, c rys ta l l ine m a s s of a n h y d r o u s c h r o m i c n i t r a t e , 
Cr(NO8J3 . This is s tab le in l ight , a n d t a k e s u p m o i s t u r e f rom t h e a i r t o form t h e 
trihydrate, C r ( N 0 3 ) 3 . 3 H 2 0 . 

I . T r a u b e gave for t h e sp . gr. of t h e viole t a q . soln. w i t h 3-389, 7-550, 16-536, 
a n d 29-082 per cent , of Cr(NO s ) 3 , r e spec t ive ly 1-02699, 1-06252, 1-14602, a n d 
1-28163 a t 15° when t h e mol . soln. vol . a re r e spec t ive ly 47-9, 50-2, 53-7, a n d 57-7. 
C- M o n t e m a r t i n i a n d L . Losana s t u d i e d t h e v i scos i ty of t h e soln. H . C. J o n e s a n d 
F . H . Gretman measured t h e sp . gr. a n d t h e f .p. of soln. of c h r o m i c n i t r a t e . F o r 
soln. wi th 0-0934, 0-3736, 1-1208, a n d 1-8680, t h e respec t ive sp . gr . w e r e . 1-021, 
1-069, 1-203, a n d 1-334 ; a n d t h e respec t ive f .p. were —0-280°, —2-493°, —11-57°, 
a n d —29-50°. J . R. P a r t i n g t o n a n d S. K . T w e e d y found t h e viscosi t ies , r; d y n e 
p e r cm. of soln. conta in ing TV g rms . of Cr (NO s ) 3 p e r 100 g r m s . of w a t e r t o be : 

W . . 29-11 2 3 0 2 15-07 7-10 3 55 
( 18° . . 0-01948 0-01669 0 0 1 3 7 3 0-01172 0*01102 

M 25° . . 0-01498- 0-01122 O-0105O 0-00999 O-00993 

C. M o n t e m a r t i n i a n d L.. Losana observed a b reak in t h e e x p a n s i o n cu rve of soln. of 
c h r o m i u m n i t r a t e . L. R . Ingersol l found for V e r d e t ' s c o n s t a n t for t h e e lectro­
magne t i c r o t a t o r y power for l ight of w a v e - l e n g t h 0-8, 1-0, a n d 1-25/x, respec t ive ly 
0 0 0 6 6 , 0*0041, a n d 0 0 0 2 5 for soln. of ch romic n i t r a t e of sp . gr . 1-087. W . N . H a r t l e y 
found t h a t t w o violet soln. of t h e n i t r a t e showed a b s o r p t i o n b a n d s respec t ive ly 
b e t w e e n 5880 a n d 5570, a n d 5650 a n d 5070. T h e v io le t soln. becomes green w h e n 
h e a t e d . According t o O. K n o b l a u c h , t h e a b s o r p t i o n s p e c t r u m of t h e soln. h a s a 
fa in t b a n d a t 6670, a n d a b a n d b e t w e e n 6160 a n d 5770, w i t h a smal l a b s o r p t i o n a t 
5 1 3 . W h e n t h e soln. is d i lu ted t h e b a n d m o v e s t o 6180 t o 5920. J . M. H i e b e n d a a l 
obse rved a b a n d be tween 6130 a n d 5320, a n d a b s o r p t i o n f rom 4540. T h e a d d i t i o n 
of a m m o n i u m chloride weakens t h e b a n d , a n d p roduces a n a r r o w b a n d a t 6370 ; 
i n a lcohol ic soln. , t he r e is a n a r r o w b a n d a t 6370 ; a b a n d b e t w e e n 6550 a n d 5350, 
w i t h a m a x i m u m be tween 6130 a n d 5500 ; a n d a b s o r p t i o n f rom 4600. A. HJtard 
f o u n d b a n d s b e t w e e n 6780 a n d 6700, a n d b e t w e e n 6540 a n d 6330. T h e s p e c t r u m 
w a s a lso e x a m i n e d b y A. B y k a n d H . Jaffe . T h e e lectr ical c o n d u c t i v i t y of soln . 
of t h e n i t r a t e w a s m e a s u r e d b y H . C. J o n e s a n d co-workers , a n d b y N . B j e r r u m . 
H . C. J o n e s a n d C. A. J a c o b s o n found t h e mol . c o n d u c t i v i t y , /x m h o s , of soln . w i t h 
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a m # o f t h e sa l t in v l i t res b e t w e e n 0° a n d 35° ; a n d A. P . W e s t a n d H . C. J o n e s , 
ajRM&]S. J . Shaeffer a n d H . C. J o n e s , b e t w e e n 35° a n d 65° : 

\ 

, 
o° 

1 0 ° 
2 5 ° 
3 5 ° 
6 5 ° 

0 ° 
3 5 ° 

2 
9 2 - 9 

1 1 9 - 5 
1 6 4 - 9 
1 9 2 - 3 
2 9 7 

4 1 - 4 
3 8 0 

8 
1 2 5 - 3 
1 6 3 - 2 
2 2 8 
2 7 9 
4 4 5 

5 5 - 9 
4 6 - 6 

1 6 
1 3 8 - 3 
1 8 0 - 9 
2 5 4 
3 1 2 
5 0 4 

6 1 - 6 
5 2 - 2 

3 2 
1 4 7 - 6 
1 9 3 - 9 
2 7 5 
3 4 3 
5 6 O 

6 5 - 8 
5 6 - 8 

1 2 8 
1 5 8 - 8 
2 1 2 
3 0 5 
4 1 7 
7 0 5 

7 0 - 8 
6 3 - 7 

5 1 2 
2 O l 
2 7 0 
3 9 5 
5 G 4 
8 6 9 

8 9 - 7 
8 3 - 6 

1 0 2 4 
2 1 6 
2 9 2 
4 4 O 
5 4 9 
5 3 9 

9 6 - 5 
9 3 - 4 

2 0 4 8 
2 2 4 
3 1 5 
4 6 7 
5 9 5 

1 0 3 2 
l O O - O 
I O O O 

0 0 2 
2 6 5 * 7 

5 - O 

o-o4r>2 

0 O l 
2 9 9 - 1 

7 - 2 
O - O 4 5 0 

O - 0 O 5 
3 1 6 - O 

9 ( > 
0 0 4 4 5 

0 0 0 2 5 
3 4 5 - 2 

1 4 - 2 
0 - U 4 4 9 

0 - 0 0 1 2 5 
3 7 4 - 8 

1 8 - 6 
0 - O t 5 3 

0 - 0 0 6 2 5 
4 0 6 - 5 

2 6 - 0 
O-O4 5 7 

The va lues for t h e pe rcen tage ioniza t ion , a, were ca lcula ted b y I I . C. J o n e s 
a n d C A. J a c o b s o n ; a n d H . M. V e r n o n ca lcu la ted t h e degree of ioniza t ion 
from t h e colour. N . B j e r r u m ca lcu la ted t h e pe rcen tage hydrolysis , 100/3, 
a n d t h e hydro lys i s c o n s t a n t K for C r ( N 0 8 ) 3 + H * O ^ C r ( N 0 8 ) 2 O H + H N O a , from 
K^ LH]"[Cr(OH)"]/[Cr""]=»»)82/( l—^), from t h e conduc t iv i ty , /x mhos , for soln. 
wi th m inols pe r l i t re a t 19-8° : 

m 

Xi)O P 
K 

so t h a t t h e ave rage va lue of K is 0-00054. G-. H e r r m a n n sa id t h a t his a t t e m p t to 
r educe a soln. of chromic n i t r a t e , e lect rolyt ical ly , wie nichl anders -zu erwarten ivar, 
were unsuccessful . Iu. A. WeIo m e a s u r e d t h e m a g n e t i c suscept ib i l i ty of t h e solid a n d 
m o l t e n h y d r a t e , C r ( N 0 3 ) 3 . 3 - 4 H 2 0 , a n d t h e resul t s a re s u m m a r i z e d in F ig . 86. The 
Curie po in t s , C=x(T—#)> a r e f o r t l l e solid a n d l iqu id s t a t e s , C5 = 1-90 ; Oj = 1-50 ; 
#A — —85° ; a n d $ / = 5 ° . P . P h i l i p p found t h e m a g n e t i c suscep t ib i l i ty t o b e 
24-09x10—« a n d 22-75 x 10"-« for soln. respec t ive ly of sp . gr. 1-3295 a n d 1 0 2 7 0 6 . 

Accord ing t o J . M. Ordway , w h e n a lkal i h y d r o x i d e is a d d e d to a soln. of chromic 
n i t r a t e , ch romic h y d r o x i d e is p r e c i p i t a t e d . T h e p r ec ip i t a t e a p p e a r s when more 
t h a n t w o - t h i r d s of t h e ac id has been neu t ra l i zed . This p roves t h a t n i t r ic ac id can 
dissolve more ch romic h y d r o x i d e t h a n cor responds w i t h t h e n o r m a l n i t r a t e . 
C. M o n t e m a r t i n i a n d L . L o s a n a s t u d i e d t h e e.m.f. of t h e soln. N . B j e r r u m a n d 
C. F o u r h o l t d e t e r m i n e d t h e m a s k e d h y d r o x i d e , C r ( H 2 O ) 6 - - , b y p rec ip i t a t ion as 
caesium a l u m . W i t h soln. of c h r o m i c n i t r a t e t h e y o b t a i n e d t h e resul t s ind ica ted 
in T a b l e V. 

T A B L E V . — T H E H Y D R O L Y S I S O F S O L U T I O N S O F C H R O M I C N I T R A T E . 

i l f - M o l a r 
S o l n . 

0 0 1 
0 - 0 5 
O O 1 
0 0 5 
O - 0 5 
0 0 5 

E q . of b a s e 
p r e s e n t . 

0 - 5 
I O 
2 0 

D a y s h e a t e d t o 
7 5 ° . 

3 t o 4 
7 
5 

1 t o 5 
2 t o 9 
2 t o 3 

P e r c e n t , 
l a t e n t c h r o ­

m i u m . 

1 7 - 6 
2 O - 1 
3 1 - 4 
4 7 - 3 
CS7-0 
8 9 - O 

} M a s k e d O i l - r a d i c l e s 
p e r 100 C r - a t o m s , j 

2 O 
2 5 
4 ( ) 
r>7 

1 0 3 
1 7 9 

M a s k e d O S - r a d i c l e s 
p e r 
lu t f 

Cr 
Tit 

1 
1 
1 
1 
1 
O 

• a t o m 
b a s i c 

• 1 4 
2 4 
2 7 
2 1 

• 5 4 
- 0 1 

in 
C r . 

A. A. H a y e s obse rved t h a t w h e n a soln. of a n excess of ch romic oxide in ni t r ic acid 
is e v a p o r a t e d , i t does n o t furnish crys ta ls , b u t dr ies u p t o a g u m m y , fissured mass 
which a p p e a r s d a r k green b y reflected a n d t r a n s m i t t e d l ight . J . J . JBcrzelius, a n d 
F . B r a n d e n b u r g m a d e some obse rva t ions on th i s subjec t . H . Lowel assumed t h a t 
t h e green soln. o b t a i n e d b y d isso lv ing h y d r a t e d ch romic oxide in h o t ni t r ic acid 
con ta ins chromic hydroxydil l i trate , Cr(OH)(]Sr03)2 . J . M. O r d w a y ob ta ined w h a t 
h# r ega rded as t h e hexaJiydrctie, Cfr( OH) (NO 3 J 2 . 6H 2 O, b y keeping crystals of t h e 
n o r m a l n i t r a t e on t h e w a t e r - b a t h . The d a r k green res idue is soluble in water , forming 
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a d a r k b r o w n l iqu id which con t a in s c h r o m i c n i t r a t e a n d c h r o m a t e . H . SchijEE s a i d 
t h a t b y d iges t ing t h e w a r m n i t r i c ac id soln. for a long t i m e , t h e p r e c i p i t a t e w h i c h is 
fo rmed con ta ins C r 2 O 3 a n d 1 or 2 N 2 O 6 . M. S iewer t also sa id t h a t a s a t . b lue soln. 
of h y d r a t e d ch romic ox ide in cold n i t r i c ac id con ta ins Cr (OH) ( N O s ) 2 ; a n d t h e 
g reen soln. in h o t n i t r i c acid , 2 C r 2 O 3 . 3 N 2 O 6 or Cr (OH) 3 Cr(NO s ) 3 . J . M. O r d w a y 
a s s u m e d t h a t t h e s a t . soln . of h y d r a t e d ch romic ox ide in n i t r i c ac id c o n t a i n s 
8 C r 2 0 3 . 3 N 2 0 5 j or 3 C r 2 0 8 . 5 C r ( N 0 3 ) 3 . B y t r e a t i n g ch romic acid , o r c h r o m a t e s w i t h 
n i t r i c acid" F . B r a n d e n b u r g , H . Moser, a n d K . F . W . Meissner o b t a i n e d c h r o m i c 
ac id assoc ia ted w i t h n i t r i c ac id . J . E . H o w a r d a n d W . H . P a t t e r s o n e x a m i n e d t h e 
effect of c h r o m i c n i t r a t e on t h e cr i t ical soln. t e m p , of w a t e r a n d i s o b u t y r i c ac id . 
F o r V. Ipatieff a n d B . Mouromtse fFs obse rva t ions o n t h e ac t ion of h y d r o g e n u n d e r 
press . , vide supra, h y d r a t e d ch romic oxide . 

Li. D a r m s t a d t e r 2 h e a t e d p o t a s s i u m c h r o m a t e w i t h t w o p a r t s of cone , n i t r i c 
ac id a n d o b t a i n e d c r imson t a b u l a r c rys ta l s of w h a t h e r e g a r d e d as p o t a s s i u m 
ni tr i todichromate , K C r 2 O 5 ( N O 2 ) , or 

^ 3 ) C r O 2 - C r O 3 

arid a n excess of n i t r ic acid was said t o c o n v e r t i t i n to p o t a s s i u m ni tr i to tr ichromate , 
K C r 3 O 9 ( N O ) 2 . The aq . soln. furnishes p o t a s s i u m d i c h r o m a t e . T h e sa l t m e l t s t o 
a d a r k b r o w n l iquid, a n d a t t h e s a m e t i m e gives off r ed fumes . G. N . Wyrouboff , 
a n d Gr. C. S c h m i d t ques t ioned t h e ex is tence of t h e s e sa l t s—v ide supra. 

H . Schiff t r e a t e d t h e h y d r o x y d i c h l o r i d e w i t h n i t r i c ac id , a n d o n e v a p o r a t i n g 
t h e soln. o b t a i n e d chromic dichloronitrate , CrCl 2 (NO 3 ) , in hyg roscop ic p l a t e s . 
W h e n h e a t e d , i t d e c o m p o s e s : 2 C r C l 2 ( N O 3 ) - 2 N O 2 C l - J - C r 2 O 2 C l 2 . T h e sol. h a s a n 
acidic r eac t ion ; a n d t h e sa l t is soluble in a lcohol . Jf t h e soln. of t h e d i h y d r o x y -
chlor ide in dil . n i t r ic acid be e v a p o r a t e d , c h r o m i c hydroxy chloroni trate , 
Cr(OH)(NO 3 )Cl , is formed as a hygroscopic m a s s . H . Sohiff also o b t a i n e d c h r o m i c 
su lphatoni trate , Cr(NO 3 )SO 4 , as a green, hygroscopic mass , b y t h e ac t i on of n i t r i c 
ac id on ch romic o x y d i s u l p h a t e ; a n d chromic te trani tratosulphate , C r 2 ( N 0 3 ) 4 S 0 4 , 
a s a b r o w n soluble , hygroscopic mass b y e v a p o r a t i n g a soln. of t h e bas ic s u l p h a t e 
in n i t r i c ac id a t 80°-90° . 

S. M. Jorgensens prepared chromic hexamminotrinitrate, [Cr(NH3)6](N03)3 , by 
r educ ing a soln. of p o t a s s i u m d i c h r o m a t e first b y a lcohol a n d hyd roch lo r i c ac id , 
a n d t h e n b y t h e a d d i t i o n of zinc ; a d d i n g a m m o n i u m chlor ide a n d a m m o n i a ; a n d 
a l lowing t h e m i x t u r e t o s t and 24 h r s . W . B . L a n g a n d C. M. Carson, a n d 
O. T. Chr i s t ensen t r e a t e d wi th n i t r ic ac id t h e p r o d u c t of t h e ac t i on of l i qu id 
a m m o n i a on a n h y d r o u s chromic chlor ide . T h e orange-ye l low p l a t e s d issolve in 
w a t e r — 1 0 0 p a r t s of w a t e r dissolve 2-5 t o 3 p a r t s of t h e sa l t . A. W e r n e r a n d 
A. Miola t i f o u n d soln. w i t h a m o l of sa l t in 125, 250, 500, 1000, a n d 2000 l i t res a t 
25° h a d t h e r e spec t ive conduc t iv i t i es / i , ==341-2, 374-1 , 401-1 , 425-3, a n d 444-2 m h o s . 
H . J . S. K i n g also m e a s u r e d t h e electr ical c o n d u c t i v i t y of soln. of t h i s sa l t . 
12. R o s e n b o h m gave 20-42 x 10 ~6 mas s u n i t for t h e m a g n e t i c suscep t ib i l i t y . T h e 
sa l t is d e c o m p o s e d b y boi l ing w a t e r ; a n d t h e a q . soln. g ives p r e c i p i t a t e s w i t h 
h y d r o b r o m i c , hyd r iod i c , hydronuos i l ic ic , h y d r o c h l o r o p l a t i n i c , a n d h y d r o c h l o r o a u r i c 
ac ids , p o t a s s i u m c h r o m a t e , d i c h r o m a t e , t r i iod ide , a n d fe r r i cyan ide , a n d s o d i u m 
d i t h i o n a t e . F . E p h r a i m a n d W. H i t t e r obse rved t h a t whi le t h e h e x a m m i n e a b s o r b s 
a m m o n i a g a s a t l ow t e m p . , t h e d issoc ia t ion cu rves s h o w n o b r e a k s c o r r e s p o n d i n g 
wi th t h e f o r m a t i o n of definite a m m i n e s . A. B e n r a t h found t h a t in t h e p resence 
of cone , n i t r i c acid , [ C r ( N H 3 ) 6 ] ( N 0 3 ) 3 . H N 0 3 is fo rmed . S. M. J o r g e n s e n also 
p r e p a r e d t h e hydrotetranitrate , a n d a c h l o r o p l a t i n a t e . P . Pfeiffer p r e p a r e d 
chromic terethylenediaininotrinitrate, [Cr Cn8](NOg)3. O. T. Christensen obtained 
c h r o m i c aquopentamminotr in i t ra te , [ C r ( N H 3 ) 5 ( H 2 0 ) ] ( N 0 3 ) 3 , a s i n t h e case of t h e 
b r o m i d e or i od ide . T h e yel lowish-red sa l t is freely soluble in w a t e r ; i t loses w a t e r 
a t 100° ; a n d d e t o n a t e s a t a h igher t e m p . A. B e n r a t h found t h a t i n t h e p resence 
of n i t r i c a c i d [ C r ( N H 3 ) 6 j ( N 0 3 ) 3 is formed. P . Pfeiffer p r e p a r e d t h e hydrote tra -
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nitrfttfW P. Pfeiffer treated the hydroxyaquotetramminodithionate with cone, 
nitric acid, and obtained chromic diaquotetraiimiinohydrotetranitrate, 
[C^NH3)4(H20)2](N03)4H, as an orange powder. E. H. Riesenfeld and F. Seemann 
obtained red crystals of chromic triaqLUotriamminodichloronitrate, [Cr(NH3J3-
(H2O)3]Cl2(NO3), by treating an aq. soln. of the trichloride with cone, nitric acid, 
and chromic nitratodiaquotriamminodinitrate, [Cr(NH3)3(H20)2(N03)](N03)23 from 
a soln. of chromium triamminotetroxide in cone, nitric acid. P. Pfeiffer and 
W, Osann prepared chromic tetraquodipyiidinotrinitrate, [CrPy2(H2O4)J(NOg)3. 
M. Kilpatrick studied chromic hexaureatrinitrate, [Cr(NH2.CO.NH2)6](N03)3. 
It. Weinland and W. Hiibner studied other complexes with organic radicles. 

O. T. Christensen obtained chromic nitritopentamminodi nitrate, [Cr(NH3)5-
(N02)](N03)2, by the action or ammonium nitrate on a soln. of the chloride. The 
yellow octahedral crystals are sparingly soluble in water 100 parts of which dissolve 
0*67 part of the salt. The salt detonates when heated. F. Ephraim and W. Kitter 
observed tha t chromic aquopentamminotrinitrate, [Cr(NH3)5(H2O)](N03)3 , absorbs 
ammonia gas at a low temp., the decomposition curve shows that possibly a monam-
mine is formed. Ammonia converts the salt into the hydroxypentamminonitrate, 
[Cr(NH3)6(OH)](N03)3. F. Ephraim and W. Hitter found that ammonia gas 
is absorbed by chromic nitritopentamminonitrate, but the decomposition curve shows 
no breaks. H . J . S. King obtained chromic hydroxypentamminodinitrate, 
[Cr(NH3)5(OH)](NO3)2. JH2O, by the action of the hydroxide on a soln. of ammonium 
nitrate, and precipitation "with alcohol and ether. He gave for the conductivity, 
fjL mhos, of a mol of the salt in v litres, 

v . 3 2 64 128 256 512 1024 2048 
/ 0° . 106-4 115-7 124-7 1320 138-9 141-4 152-7 

** I 25° . 201-5 219-4 233-6 244-3 254-2 260-8 279-9 

A. Werner and J. von Halban prepared chromic nitratopentamminodinitrate, 
[Cr(NH3)5(NO3)J(NO3J2, by the action of fuming nitric acid on chromic thiocyanato-
pentamminonitrate, or of nitric acid on aquopentamminohydroxide. The pale 
flesh-coloured powder is sparingly soluble in water, and the soln. is liable to decom­
pose. A. Benrath found that with nitric acid, [Cr(NH3)6(H20)](N03)2 may be 
formed. A. Werner and J. von Halban prepared chromic mtratopentammino-
diiodide, [Cr(NH3)5(N03)]I2, by shaking up the nitrate with solid potassium 
iodide and water. E. H. Kiesenfeld and F. Seemann prepared chromic nitrato-
diaquotriamminodinitrate, [Cr(NH3)3(H20)2(N03)](N03)2, by the action of cone. 
nitric acid on the cold on chromic triamminotetroxide. A. Hiendlmayr prepared 
chromic fluopentamminodinitrate, [Cr(NH3)5Fj(N03)2 , by the action of calcium 
nitrate on the difluoride. S. M. Jorgensen prepared chromic chloropentammino-
dinitrate, [Cr(NH3)5Cl](N03)2, by the action of nitric acid on a cold soln. of the 
chloride of the series. The carmine-red octahedra are soluble in water ; at 17-5°, 
1OO parts of water dissolve 1-4 parts of salt. A. Werner and A. Miolati found that 
a mol of the salt in 125, 250, 500, 10CXX and 2OGO litres of water at 25° have the 
electrical conductivities //,=250-2, 265-9, 279-0, 288, 299-1 mhos respectively. 
P. T. Cleve, and S. M. Jorgensen prepared chromic chloroaquotetramminodinitrate, 
[0r(NH3)4(H2O)Cl](N03)2, by the action of nitric acid on the chloride of the series. 
The carmine-red, or purple-red rhombohedral crystals lose no water over sulphuric 
acid ; at 100°, the salt blackens. A. Werner and A. Miolati found that the soln. 
of a mol of the salt in 125, 250, 500, 1000, and 2000 litres of water at 25° has the 
electrical conductivity 206-5, 226*4, 244-7, 260-3, and 282-5 mhos respectively. 
8. M. Jorgensen prepared violet, octahedral crystals of chromic bromopentammino-
dillitrate, [Cr(NH3)5Br](N08)2, by the action of nitric acid on the chloride of the 
series ; and also reddish-violet crystals of chromic iodopentamminodinitrate, 
[<3r(NH3)5I](N03)2. A. Werner and J. von Halban prepared chromic thiocyanato-
pentamminodinitrate, [Cr(NH3)6(SCy)](N03)2 . 

S. Guralsky prepared chromic dibromoaquotriamminonitrate, 1.Cr(NHa)3-
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(H2O)Br2JNO3 ; P . Pfeifier and W. Osaiin, chromic diliydroxydiaquodipyridino-
nitrate, [CrPy2(H2O)2(OH)2]NO3 ; P . Pfeifier and T. G. Lando, and A. Werner 
chromic cis-diclilorobisethylenediaiiiinonitrate, [Cr en2Cl2]N03 , and P. Pfeifier 
and P . Koch, the trans-salt. A. Werner obtained greyish-blue needles of chromic 
dicMorodiaquotriainrninonitrate, [Cr(NHg)3(H2O)2Cl2]NO3, by the action of nitric 
acid on the chloride of the series. Y. Shibata measured the absorption spectrum. 
P . Pfeifier and M. Tapuach prepared chromic dlchlorodiaquodipyTidinonitrate, 
[CrPy2(H2O)2Cl2]NO3.2H2O ; P . Pfeifier and M. Tapuach, chromic trans-dibromo-
bisethylenediaminonitrate, [Cr en 2 Br 2 ]N0 3 ; chromic dibroniodiaquodipyridino-
nitrate, [CrPy2(H2O)2Br2]NO3 ; P . Pfeifier and M. Tilgner, chromic dithiocyanato-
tetramminonitrate, [Cr(NH3J4(SCy)2]NO3; P . Pfeifier and P . Koch, chromic cis-
dithiocyanatobisethylenediamine, [Cr en2(SCy)2]N(53 ; and P . Pfeifier, the trans-
salt. P . Pfeifier and S. Basci also obtained chromic oxalatotetramrninonitrate, 
[Cr(NH3)4(C204)]N03 .H20. 

S. M. Jorgensen prepared rose-red or pale carmine-red aggregates of needles of 
chromic hydroxydecamminopentanitrate, [Cr2(OH) (NH3) 10](NO3)5 , by the action 
of nitric acid on the chloride or bromide of the series. The rhodo-salt so obtained 
is sparingly soluble in water. S. M. Jorgensen also prepared the erythro-salt in an 
analogous way. He also obtained chromic trihydyroxyaquoliexarnrninotrinitrate» 
[Cr2(OH)3(H2O)(NH3)6](N03)3, in pale carmine-red needles sparingly soluble in cold 
water ; and the soln. is liable suddenly to precipitate hydrated chromic oxide. 
The salt decomposes at 100° : and over sulphuric acid, i t gives off a mol. of water. 
R. F . Weinland and E. Gussmann prepared chromic dihydroxyhexacetatotri-
pyridinonitrate, [Cr3(CH3COO)6Py3(OH)2]NO3^H2O ; and P . Pfeifier and 
W. Vorster, chronaic hexahydroxysexiesethylenediaminohexanitrate, [Cr4(OH) 6en0] 
(N0 3 ) 6 . 6H 2 0 . 

P . T. CIe ve reported the salts chromic diamminodihydroxydinitrate, 
Cr(OH)2(NOg)2(NHg)2.JH2O ; chromic diamminopentahydroxynitrate, Cr2(OH)5-
(NO3)(NHg)2^Il2O ; and also ammonium chromic heptamminoctonitrate^ 
2Cr(NO3J3 .2NH4NO3 .(NH3)7 .4JH2O ; and chromic oxalatohemieimeamminoiiitrate, 
Cr(NO3)(C2O4).4JNH3 .IJH2O. M. Z. Jovitschitsch dissolved a gram of hydrated 
chromic oxide in enough nitric acid, diluted the liquid to 25 c . c , added the same 
vol. of ammonia, and found tha t alcohol precipitated a soluble, scarlet mass of 
chromic dioxyheptainminotrinitrate» 

(NH3)2 = Cr.O.NH8.Cr= (NO3)* 1 Q H Q 

(NH3) 2=Cr.O.NH3.Cr(NO3) (NH3) 
R-. Weinland and co-workers prepared complex salts of the ni trate with pyridine, 

o-toluidine, guanidine, and aniline. 
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§ 33 . Chromium Phosphates 
A. Moberg x a d d e d s o d i u m d i h y d r o p h o s p h a t e t o a soln. of chrornous sa l t a n d 

o b t a i n e d a b lue a m o r p h o u s p r e c i p i t a t e of c h r o m o u s phosphate , C r 3 ( P 0 4 ) 2 . ^ H 2 0 , 
which, r a p i d l y t u r n s g reen on e x p o s u r e t o a i r fo rming , acco rd ing t o H . Moissan, a 
c h r o m i c sa l t . T h e p r e c i p i t a t e is so luble i n acids—e.g . i n ace t ic , t a r ta r ic^ a n d ci t r ic 
ac ids . I t is inso luble i n w a t e r , a n d a l i t t l e so luble i n w a t e r c o n t a i n i n g c a r b o n 
d iox ide . W h e n h e a t e d u n d e r p ress , a t 100° i t r e m a i n s a m o r p h o u s . C U . S h e p a r d 
f o u n d i t occu r r ing n a t u r a l l y i n g reen masses ; a n d h e cal led i t /pho$'p}iorchr(rmite. 
A. Colani w a s u n a b l e t o p r e p a r e c h r o m o u s m e t a p h o s p h a t e , C r ( P 0 3 ) 2 5 b y t h e ac t ion 
of fused m e t a p h o s p h o r i c ac id o n c h r o m i u m or c h r o m o u s sa l t s , a l t h o u g h t h e m e t h o d 
is app l i cab le for t h e c o r r e s p o n d i n g fer rous sa l t . 

Ju, N . V a u q u e l i n 2 f ound t h a t h y d r a t e d c h r o m i c ox ide dissolves in a n aq . soln. 
of p h o s p h o r i c ac id , f o rming a n unc rys ta l l i zab le , emera ld -g reen l iqu id . W h e n a 
soln . of c h r o m i c chlor ide is m i x e d w i t h p o t a s s i u m p h o s p h a t e , a g reen p r e c i p i t a t e is 
o b t a i n e d , wh ich a p p e a r s b lu i sh -b l ack af te r ign i t ion , a n d y ie lds a g reen i sh -b rown 
p o w d e r . If a h o t soln. of c h r o m e - a l u m is t r e a t e d w i t h a n excess of s o d i u m h y d r o -
p h o s p h a t e , h y d r a t e d c h r o m i c p h o s p h a t e is p r ec ip i t a t ed , a n d w h e n th is is hea t ed , 
i t y ie lds b r o w n c h r o m i c orthophosphate , C r P O 4 . A. F . J o s e p h a n d W . N . R a e 
o b s e r v e d t h a t t h e b r o w n a n h y d r o u s sa l t is fo rmed w h e n a n y of t h e h y d r a t e s is 
h e a t e d t o du l l r edness—v ide infra. I t is v e r y r e s i s t an t t o w a r d s chemica l agen t s 
b e i n g insoluble in hyd roch lo r i c ac id or a q u a regia , a n d o n l y a t t a c k e d b y su lphur ic 
ac id w h e n n e a r l y boi l ing . I t is t h e n c o n v e r t e d i n t o a n ea r thy-co loured powder , 
inso luble in w a t e r a n d ac ids , wh ich a p p e a r s t o be a c o m p o u n d of c h r o m i u m phos­
p h a t e a n d s u l p h a t e of indef ini te compos i t ion . T h e a n h y d r o u s x^hosphate requires 
ca lc in ing w i th l ime before i t c a n be d issolved b y alkal i - lye . W. L a p r a i k found t h a t 
a soln . of h y d r a t e d ch romic ox ide in phosphor i c ac id shows a n abso rp t ion b a n d in 



480 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

t h e g reen . H . T. S. B r i t t o n s tud i ed t h e e lec t romet r i c t i t r a t i o n of soln. of c h r o m i c 
s u l p h a t e w i t h s o d i u m p h o s p h a t e . W . J . Sell d i a lyzed a soln. of c h r o m i c p h o s p h a t e 
i n a n a m m o n i a c a l soln. of a m m o n i u m h y d r o p h o s p h a t e , a n d o b t a i n e d col lo idal 
c h r o m i c phosphate . N . R . D h a r a n d co-workers s t u d i e d t h e a d s o r p t i o n of c a l c ium 
sa l t s b y colloidal ch romic p h o s p h a t e . T h e e lec t r ica l c o n d u c t i v i t y of t h e sol shows 
t h a t t h e r e a r e no free ions exis t in soln. , a n d t h i s is conf i rmed b y t h e fac t t h a t t h e 
sol coagu la tes . J . A. H e d v a l l a n d J . H e u b e r g e r f o u n d t h a t c h r o m i c p h o s p h a t e 
begins t o r eac t w i t h b a r y t a : 2 C r P O 4 + 3 B a O = = B a 3 ( P O 4 ) 2 + C r 2 O 3 a t 342° ; w i t h 
s t r o n t i a a t 464° ; a n d wi th l ime a t 517°. 

S o m e g reen p i g m e n t s a r e c o m p o s e d e s sen t i a l l y of c h r o m i c p h o s p h a t e . T h u s , 
J. A r n a u d o n o b t a i n e d a green p i g m e n t b y b e a t i n g t o 170°—180° for balf a n h o u r a m i x t u r e 
of 128 p a r t s of n o r m a l a m m o n i u m p h o s p h a t e a n d 149 p a r t s of p o t a s s i u m d ichromet te , and 
w a s h i n g t h e p r o d u c t w i t h h o t w a t e r . E . M a t h i e u - P l e s s y , a n d Gr. K o t h e , b y bo i l i ng 10 
k g r m s . of p o t a s s i u m d i e h r o m a t e in 100 l i t res of w a t e r , a n d 30 l i t res of a soln* of m o n o -
ca l c ium p h o s p h a t e , a n d 2-5 k g r m s . of c a n e s u g a r ; a n d Gr. S c h n i t z e r , b y m e l t i n g 36 g r m s . 
of c rys t a l l i ne s o d i u m p h o s p h a t e , 15 g r m s . of p o t a s s i u m d i e h r o m a t e , a n d 6 g r m s . of t a r t a r i c 
ac id a n d w a s h i n g t h e p r o d u c t w i t h cold h y d r o c h l o r i c ac id , a n d t h e n w i t h h o t "water. 
J. D i n g i e r e m p l o y e d a s imi la r p rocess . A . C a r n o t bo i led a m i x t u r e of a n a lka l i c h r o m a t e , 
a n d s o d i u m t h i o s u l p h a t e in t h e p resence of p h o s p h o r i c a c id . W . M u t h m a n n a n d H . H e r a m -
hof r e c o m m e n d e d ch romic p h o s p h a t e a s a m o r e s t a b l e p i g m e n t t h a n c h r o m i c o x i d e for h igh 
t e m p . w o r k . 

C. F . H a m m e l s b e r g showed t h a t w h e n a cold soln. of s o d i u m d i h y d r o p h o s p h a t e 
is a d d e d d r o p hy d rop t o a n excess of c h r o m e - a l u m , t h e p r e c i p i t a t e is l a v e n d e r or 
violet , a m o r p h o u s hexahydrate ; a n d if t h i s b e a l lowed t o r e m a i n in c o n t a c t w i t h 
t h e soln. for, say , 48 hrs . , i t furnishes t h e d a r k violet , c rys ta l l ine h e x a h v d r a t e . 
I t m a y b e washed b y decan ta t i on , filtered, a n d d r i ed in air . If t h e c h r o m e - a l u m 
b e n o t in excess, a v io le t powder is fo rmed w h i c h does n o t c rys ta l l ize if a l lowed t o 
s t a n d for d a y s . H . SchifE a d d e d t h a t t h i s c o m p o u n d is fo rmed on ly in ac idic soln. 
w h e n t h e ch rome-a lum is in excess. T h e t r ic l in ic c rys t a l s h a v e a sp . gr. of 2-121 a t 
1 ^ 0 ^ A. F . J o s e p h a n d W . N . R a e g a v e 2-12 for t h e sp . g r . of t h e h e x a h y d r a t e a t 
32-5°. All t h e h y d r a t e s a t a low r e d - h e a t fo rm t h e b l ack a n h y d r i d e , w h i c h h a s a 
8 P- g r- 2*94: a t 32-5°. The sp . gr. increases d u r i n g a p ro longed ign i t ion owing t o 
t h e loss of phosphor ic oxide. T h e following d a t a d e n o t e respec t ive ly t h e per­
c e n t a g e losses a n d sp. gr. : h e a t e d over a b u n s e n b u r n e r for 1 hr . , 1-2, a n d 3-16, 
a n d for 3 hrs . , 2-4, a n d 3-29 ; h e a t e d 36 h r s . a t 1100°, 4-4, a n d 3-42 ; a n d w h e n 
h e a t e d 36 h r s . in a d raugh t - fu rnace , 9-8, a n d 3-66 ; a n d for 50 h rs . , 11-7, a n d 3-78. 
A. E t a r d s t a t e d t h a t t h e h e x a h y d r a t e lost 3-5 mols . of w a t e r a t 100°. H . SchifE 
sa id t h a t t h e h e x a h y d r a t e forms a green p s e u d o m o r p h a t 100°, a n d loses 3 mols . of 
wa t e r , a n d a fou r th mol . is n o t all expel led w h e n k e p t for 4 d a y s a t t h i s t e m p . 
H . Schiff said t h a t when t h e h e x a h y d r a t e is boi led w i th ace t ic a n h y d r i d e i t fo rms a 
green sa l t . C. F . R a m m e l s b e r g said t h a t a green p h o s p h a t e is fo rmed if t h e c h r o m e -
a l u m soln. be a d d e d t o a n excess of a soln. of sod ium d i h y d r o p h o s p h a t e . C. L . B l o x a m 
acidified t h e soln. w i t h acet ic acid, a n d boi l ing t h e mix tu r e—v ide infra ; a n d 
A. C a r n o t w o r k e d w i t h a boi l ing acid soln. in t h e presence of s o d i u m ace ta t e—if a 
c h r o m a t e soln. is used, i t is r educed t o t h e ch romic s t a t e b y t h e s i m u l t a n e o u s 
a d d i t i o n of s o d i u m t h i o s u l p h a t e . The re is some difference of op in ion a s t o t h e 
compos i t ion of t h e green h y d r a t e dr ied a t 100°. C. L . B l o x a m , a n d A. lS tard 
r e g a r d e d i t a s a liemiyentaJiydrate ; a n d C. F . R a m m e l s b e r g , a n d A. Ca rno t , a s a 
tr%hydrate ; whi le H . SchifE found t h a t t h e sa l t ob t a ined b y t h e a c t i o n of boi l ing 
a C j t l « r a ? J i : ? i ^ n d e ^ ° n t h e v i o l e t h e x a h y d r a t e is t h e green dihydrate. A. F . J o s e p h 
a n d W . N . R a e w h o obse rved n o evidence of t h e exis tence of t h e h e m i p e n t a h v d r a t e 
o r of t h e t n h y d r a t e , b u t , i n a g r e e m e n t w i t h H . Schiff, t h e y obse rved t h e f o r m a t i o n 
of t h e d i h y d r a t e , a n d found t h a t t h e d e h y d r a t i o n does n o t p roceed a n y fu r the r if 
S - e ^ ° i m g 1J? P r o l o n g e d - I f t h e d * y h e x a h y d r a t e b e h e a t e d , A . F . J o s e p h a n d 
VV. JN. R a e obse rved t h a t t h e first b r e a k occurs w h e n t h e d i h y d r a t e a p p e a r s T h e 
d i h y d r a t e h a s a sp . gr. of 2-42 a t 32-5° ; a n d H . Schiff r ep r e sen t ed i t b y t h e fo rmula 
( H O ) 2 = P C O - C r ( O H ) 2 . Tf t h e h e x a h y d r a t e b e left in c o n t a c t wi th i t s m o t h e r -
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l iquor , o r w i t h w a t e r , i t fo rms a green , a m o r p h o u s p o w d e r of t h e tetrahydrate. T h i s 
c h a n g e occur s if t h e c ry s t a l s of t h e h e x a h y d r a t e b e left i n c o n t a c t w i t h w a t e r , or w i t h 
a soln. of s o d i u m p h o s p h a t e or of c h r o m e - a l u m . T h e c h a n g e is s low a t low t e m p . , 
for a t 5° s igns of t h e c h a n g e a p p e a r on ly af ter 30 d a y s , w h e r e a s a t 100°, half a n 
h o u r ' s bo i l ing w i t h w a t e r suffices for t h e p r o d u c t i o n of t h e green , c rys t a l l i ne t e t r a ­
h y d r a t e . T h e v io le t c ry s t a l s a lso p a s s e d i n t o t h e g reen t e t r a h y d r a t e w h e n k e p t 
for 2 y e a r s a t r o o m t e m p , i n a i r . T h e s p . gr . of t h e t e t r a h y d r a t e is 2-10 a t 32-5°. 
Acco rd ing t o A. Ca rno t , t h e g reen h y d r a t e is spa r ing ly soluble in boi l ing w a t e r , 
a n d i n soln . of a m m o n i u m n i t r a t e , o r a c e t a t e . C. Ju. B l o x a m found i t t o b e 
«lowly d isso lved b y bo i l ing cone , hyd roch lo r i c ac id in su lphur i c a n d h y d r o ­
chlor ic ac ids , b u t t h e d i h y d r a t e is r a t h e r difficult t o d issolve in t h e l a t t e r . 
C. Xi. B l o x a m f o u n d t h a t c h r o m i c p h o s p h a t e is ox id ized w h e n boi led w i t h n i t r i c 
ac id of sp . gr . 1-4 ass i s ted b y a l i t t l e p o t a s s i u m ch lo ra t e . J . Dowl ing a n d 
W . P l u n k e t t s t a t e d t h a t t h e h y d r a t e d p h o s p h a t e is n o t soluble in ace t ic acid , b u t is 
soluble i n m i n e r a l ac ids f rom which i t is p r e c i p i t a t e d u n c h a n g e d b y a m m o n i a or 
a m m o n i u m su lph ide . T h e h y d r a t e d p h o s p h a t e is r e a d i l y d i sso lved b y a lkal i - lye , 
f rom w h i c h soln. i t is depos i t ed b y bo i l ing ; b u t , a d d e d H . K a m i n e r e r , m u c h of t h e 
p h o s p h o r i c ac id r e m a i n s in soln . A. F . J o s e p h a n d W . N . R a e sa id t h a t c h r o m i t e 
soln. a r e fo rmed b y t h e a c t i o n of cone , a lka l i - lye , a n d t h a t a soln. of s o d i u m c a r b o n a t e 
i m m e d i a t e l y c o n v e r t s t h e v io le t h e x a h y d r a t e i n t o a g r een bas ic sa l t , wh ich r e t a i n s 
a lka l i t o o t e n a c i o u s l y t o b e r e m o v e d b y w a s h i n g . J . A . H e d v a l l o b s e r v e d t h a t 
c h r o m i c p h o s p h a t e r e a c t s w i t h b a r i u m ox ide a t 342° , f o rming b a r i u m p h o s p h a t e 
a n d c h r o m i c ox ide ; a n d i t r e a c t s i n a n a n a l o g o u s m a n n e r w i t h s t r o n t i u m ox ide a t 
464° , a n d w i t h ca l c ium ox ide a t 517° . 

S. M. Jorgensen prepared chromic hexamminophosphate, [Cr(NH3)O]PO4.4H2O, 
b y a d d i n g s o d i u m d i h y d r o p h o s p h a t e t o a soln. of t h e h e x a m m i n o t r i n i t r a t e , a n d 
t h e n cone , a m m o n i a . T h e ye l low needles a r e s p a r i n g l y soluble in w a t e r , a n d freely 
so luble in di l . ac ids , f rom which soln. t h e sa l t is p r e c i p i t a t e d u n c h a n g e d b y a m m o n i a . 
I t loses w a t e r s lowly w h e n confined i n a des i cca to r ove r s u l p h u r i c ac id ; a n d r a p i d l y 
w h e n h e a t e d t o 100° in a i r . 

K . H a u s h o f e r o b t a i n e d a n ac id sa l t — c h r o m i c tr ihydrouiphospl iate , 
CrH 3 (P (Xi ) 2 . 8H 2 O—from a soln. of c h r o m i c p h o s p h a t e in p h o s p h o r i c a c i d ; t h e 
t r ic l in ic c ry s t a l s h a v e t h e colour of c h r o m e - a l u m , a n d a r e s t a b l e in air . 
A. S c h w a r z e n b e r g o b t a i n e d pa l e g reen h y d r a t e d c h r o m i c pyrophosphate , Cr 4 (P 2 O 7 J 3 , 
b y a d d i n g s o d i u m p y r o p h o s p h a t e t o a soln. of c h r o m e - a l u m ; a n d L . O u v r a r d , b y 
m e l t i n g s o d i u m m e t a p h o s p h a t e w i t h c h r o m i c ox ide . T h e pa l e g reen h y d r a t e 
d a r k e n s a t 100°, a n d loses n e a r l y 3 mols . of w a t e r w h e n h e a t e d . Hi. O u v r a r d found 
t h a t t h e monoc l in ic p r i s m s o b t a i n e d b y h is fusion process h a v e a sp . gr . of 3-2 a t 
20°. T h e s a l t is so luble in soln . of s o d i u m p y r o p h o s p h a t e , i n s t r o n g m i n e r a l acids , 
in s u l p h u r o u s ac id , a n d i n p o t a s h - l y e . J. Pe r soz sa id t h a t t h e p y r o p h o s p h a t e is 
n o t a t t a c k e d b y a m m o n i u m s u l p h i d e . A . R o s e n h e i m a n d T. T r i a n t a p h y l l i d e s 
obtained, sa l t s of w h a t t h e y r e g a r d e d a s cbromipyropl iosphoric ac id , H ( C r P 2 O 7 ) . 
T h u s , b y d r o p p i n g i n t o a s a t . soln . of s o d i u m p y r o p h o s p h a t e soln. a cold, cone . soln. 
of c h r o m i c chlor ide in cone , hyd roch lo r i c ac id , g r e y s o d i u m chromipyrophosphate 
is f o rmed a s a n octohydrate, N a ( C r P 2 O 7 ) . 8 H 2 O , w h i c h becomes a pa le green penta-
hydrate i n a few d a y s . S imi la r ly , t h e r e were o b t a i n e d pa l e g reen p o t a s s i u m c h r o m i -
pyroidlOBphate, K ( C r P 2 O 7 ) . 5 H 2 O ; a n d grey , microscopic c o l u m n s of a m m o n i u m 
chromipyrophosphate, NH*(CrP2O7).6H2O. 

Accord ing t o R . Maddre l l , if a soln. of h y d r a t e d c h r o m i c ox ide i n a n excess of 
d i l . p h o s p h o r i c ac id b e e v a p o r a t e d t o d rynes s , a n d t h e p r o d u c t h e a t e d t o 360°, 
cbxtHOic m e t a p h o s p h a t e , C r ( P 0 3 ) 3 , is fo rmed . K . R . J o h n s s o n o b t a i n e d i t b y 
h e a t i n g c h r o m i c s u l p h a t e w i t h m e t a p h o s p h o r i c a c id so as t o d r i v e off al l t h e sul­
p h u r i c ac id ; a n d P . Hau t e f eu i l l e a n d J . M a r g o t t e t , b y m e l t i n g ch romic oxide or phos-
p h a t e w i t h four t i m e s i t s w e i g h t of m e t a p h o s p h o r i c ac id . T h e sa l t w a s p r e p a r e d 
b y JV MD&ller b y t r e a t i n g 8 g r m s . of s o d i u m m e t a p h o s p h a t e w i t h 3OO c.c. of a cone . 
soln . of c h r o m e - a l u m , w i t h c o n s t a n t s t i r r i ng a t 70° ; t h i s soln. r e m a i n s clear w h e n 

vox,. Xl. 2 i 



4:82 INORGANIC AND THEORETICAL, CHEMISTRY 

boiled, or diluted with i ts own vol . of water. If this soln. be stirred for 4 d a y s a t 
ordinary temp, with 9 grms. of sodium metaphosphate , and the dark green sol id 
be washed, and heated t o 350°, chromic metaphosphate is produced.^ P . JEEattte-
feuille and J. Margottet observed t h a t the green, rhombic crystals are isomorphous 
with the metaphosphates of iron, aluminium, and uranium ; K. R. Johnsson found 
the sp. gr. to be 2-974, and the mol. vol . 195. A. F . Joseph and W. N , R a e found 
that if heated for some t ime over a meker burner, i t becomes brown, but regains 
its green colour on cooling ; i ts sp. gr. is then 2-96, whilst the salt prepared b y 
R. MaddrelFs process had a sp. gr. of 2-93. The salt is insoluble in water and in 
mineral acids. P . Gliihniann found that a violet crystalline or green amorphous 
Chromic tr iphosphate is produced b y the action of sodium triphosphate o n a chromic 
salt—vide 8. 50. 

L. J. Cohen could not prepare a m m o n i u m c h r o m i u m p h o s p h a t e , b y adding 
ammonium dihydrophosphate to a strongly acidic soln. of chromic chloride, but b y 
reducing the acidity, a green, gelatinous precipitate with the composit ion 
( N H 4 ) 2 H P 0 4 . 2 C r P 0 4 . 3 H 2 0 was obtained ; but if no hydrochloric acid or only a 
very small proportion was present ammonium chromium hyd^oxypfaosphate, 
5NH 4 (H 2 PO 4 ) .2CrP0 4 .4Cr(OH) 2 ,was produced. L,. J. Cohen found that the precipitate 
obtained on boiling soln. of chromic salts with sodium phosphate and acetic acid, is 
not , as C L. Bloxain supposed, an impure chromic phosphate, but rather Sodium 
Chromium phosphate , N a 2 H P 0 4 . 2 C r P 0 4 . 5 H 2 0 , which, when repeatedly washed 
with water, is converted into a basic salt. H . Grandeau obtained pale v io let 
crystals of po tass ium c h r o m i u m phosphate , 3K 2 0 .2Cr 2 O 3 . 3P 2 O 2 , by fusing a 
mixture of chromic and potassium phosphates. 

K. A. Wallroth prepared sod ium c h r o m i u m pyrophosphate , NaCrP 2 O 7 , b y 
cooling a mol ten mixture of microcosmic salt and chromic oxide ; and L. Ouvrard 
obtained from a soln. of chromic oxide or chromic phosphate in molten sodium meta­
phosphate ; or of chromic phosphate in molten sodium pyrophosphate. The green 
rhombic prisms have a sp. gr. 3-0 at 20°. S. M. Jorgensen treated a soln. of chromic 
hexamminonitrate with sodium pyrophosphate and then with ammonia . Yel low, 
six-sided plates of sodium chromic hexamminopyrophosphate, Na[Cr(NH3J6]P2O7 . 
H J H 2 O , were produced. The salt is insoluble in cold water ; and when confined 
over sulphuric acid for a few months , i t loses 10£ mols. of water ; a t 130°, some 
ammonia as well as water is given off. J. Persoz treated a soln. of a chromic salt 
wi th potass ium pyrophosphate, and obtained a soln. which was not precipitated b y 
ammonium sulphide. L. Ouvrard melted potass ium metaphosphate wi th chromic 
oxide, or potass ium dichromate with chromic phosphate and obtained monoclinic 
prisms of potassium chromic pyrophosphate, KCrP2O7 , of sp. gr. 3-5 a t 20°. 

C. Friedheim and I. Mozkin 3 prepared a m m o n i u m phosphatotetra&hromate, 
(NH 4CCrO 2-O-CrO 2-O) 2 : P C ( O N H 4 ) , b y evaporating soln. of a mol each of 
ammonium dichromate and phosphorus pentoxide or from a soln. of equimolar 
proportions of a m m o n i u m dihydrophosphate and chromium trioxide, or b y 
heating a mixture of 2 mols of phosphoric acid, 4 mols of chromium trioxide, 2 mols 
of ammonia , and a mol of a m m o n i u m dihydrophosphate. The salt forms dark red 
crystal aggregates ; when the soln. of the salt is recrystallized from its aq. soln., 
ammonium dichromate, and phosphoric and chromic acids are formed. They also 
prepared p o t a s s i u m phosphatod ichromate , ( K C C r O 2 . C C r O 2 . 0 ) ( K O ) : P C O H , 
from a mixture of potass ium dichromate wi th an excess of phosphoric acid. 
M. Blondel obtained i t b y mix ing a h ighly cone. soln. of phosphoric and chromic 
acids, containing 8 mols of the latter t o one mol of the former, with three-fourths 
of a mol of potass ium carbonate. A salt of the composit ion 3K2CXP2O5-SObCOg, or 
p o t a s s i u m phosphato te trachromate , ( KO.C r0 2 .O .C r0 2 . 0 ) 2 P O( OK) 2 , is precipitated 
in the form of small, short prisms. If the soln. contains only t w o inols of chromic 
acid, needles of the phosphatodichromate are formed. If the latter soln., however, 
i s mixed wi th some crystals of the first salt , the precipitate at first consists of 
phosphatotetrachromate, but , if left in contact with the liquid, i t is converted i n t o 
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the phosphatodichromate. The phosphatotetrachromate is converted into the 
phosphatodichromate by treatment with water or with a sat. soln. of potassium 
dichrom&te. For some complex phosphohalides, vide supra, chromyl chloride. 
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CHAPTER L X I 
MOLYBnElSfUM 

§ 1. History of Molybdenum 

T H E extraordinary confusion in the use of the terms plumbago, graphite, galena, and 
molybdena, which prevailed from the t ime of Aristotle, circa 350 B.C. to $ke 18th 
century, has been discussed in connection with carbon, and with galena* I t i s very 
difficult to pick out from the various references those which in all probability refer 
to molybdena. The term molybdwna is the Latinized form of the Greek /xoAiJpSatva, 
which is derived from /ULOAvf38os9 lead. The te rm fjuoXvfiScLivcL appears to have been 
applied by Aristotle,1 Dioscorides, Galen, Pliny, etc., to various things associated 
with lead—plummets, sinkers for fishing nets, bullets for catapults , etc,—to lead 
oxide obtained as a by-product in cupellation, and to natural lead ores. 

According to J . W. Evans, during the 17th century, the terms lapis plumbarius, 
plumbago, and galena, and exceptionally molybdcena, were employed in the sense of 
graphite, including, probably, molybdenite with which i t was confounded. Later , 
molybdaena was commonly employed for graphite, and galena became identified with 
the mineral which now bears tha t name. I t was soon recognized t h a t molybdcena 
and graphite did not contain lead ; and those who experimented on molybdaena 
seem to have regarded it as a kind of zinc sulphide. J . F . Henckel,2 for instance, 
used the molybdaena for zinc-blende ; and J . G. Hoffmann and J . B. Bohrner 
associated the term molybdcena with tin, and they also confused it with graphite. In 
his work on nihil or sublimed zinc oxide, I . Lawson described molybdaena, and this 
appears to have been molybdenite, although he believed i t to be identical with 
graphite. J . G. Wallerius' minerals ren JBIyertz or molybdaena pura, and oren 
Blyertz or molybdaena impura included graphite and molybdenite. I n 1754, in a 
paper : Ron om Blyerte—the Swedish term for graphite, B. Qvist described some 
experiments on a mineral occurring in flexible plates which must have been molyb­
denite. A. von Cronstedt 's description of molybdena membranacea nitens from 
Bispberg, Sweden, is applied to the molybdenite employed in B. Qvist 's experiments. 
J . W. Baumer distinguished the non-combustible Wasserbley or molybdaena of 
Bispberg from the combustible Wasserbley or molybdaena or plumbum scriptorum 
used for making pencils. C. Linnaeus referred to molybdwnum tritura ccerulescente, 
or molybdenum with a bluish streak ; and this was possibly the mineral investigated 
by B. Qvist. 

The confused ideas which prevailed up to 1778 as to the nature of graphite and 
molybdenite were a t length dissipated by the work of C W. Scheele described in 
papers entitled Fcrsok med Blyerts, Molybdoyna (1778), and Forsok med Blyerts, 
Plumbago (1779). In his first paper, C. W. Scheele showed t h a t the molybdcena 
membranacea nitens on which B. Qvist made his experiments, is a combination of 
an acid of a metallic nature with sulphur ; and in his second paper, he demonstrated 
that the molybdencena textura micacea et granulata of A. von Cronstedt, is a mineral 
charcoal composed of an aerial acid—carbonic acid—and phlogiston with a small 
proportion of pyrites. Translating C. W. Scheele's s ta tement into modern nomen­
clature : aerial acid-f-phlogiston=carbon. I t is not s tated why the t e rm molyb­
daena was allocated to molybdenite when, a t t h a t period, graphite was the snore 
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usua l t e r m ; b u t a f t e rwards , w h e n h e w a n t e d a t e r m for g r a p h i t e , h e naturally-
a d o p t e d t h e L a t i n t e r m p l u m b a g o . C. W . Scheele 's usage fixed t h e s u b s e q u e n t 
t e r m s molybdsena a n d g r a p h i t e or p l u m b a g o . F o r e x a m p l e , T . B e r g m a n , 
W . W i t h e r i n g , J . F ib ig , A . Gk W e r n e r , B . L . G. K a r s t e n , a n d R . K i r w a n followed 
C. W . Scheele . J . B . L . H o m e d e TIsIe was s t u d y i n g g r a p h i t e a t t h e s a m e t i m e a s 
C. W . Scheele, a n d h e expressed t h e belief t h a t C. W . Scheele 's molybdsena is 
micaceous i ron ore, mine defer micacee grise, a n d t h a t his p l u m b a g o owed i t s a c t i o n 
o n n i t r e aufer noirdtre phlogistique, en un ?not a Velkiops martial natifet a la matiere 
gra&se qui s'y rencontrent. T h e sub jec t was discussed b y B . G. Sage , a n d 
P . J . Macquer . 

I n 1782, P . J . H j e lm 3 s e p a r a t e d t h e m e t a l f rom m o l y b d a m a , a n d cal led i t m o l y b ­
d e n u m . B . Pel le t ie r also isola ted t h e m e t a l wh ich was the rea f te r s t ud i ed b y 
J. J . Berzel ius , a n d C. F . Bucho lz . K . K i r w a n 4 app l i ed t h e t e r m molybdeni te t o 
t h e m e t a l , b u t A. B r o n g n i a r t ' s use of t h e t e r m m o l y b d e n i t e for t h e minera l su lph ide 
is i n genera l use in E n g l a n d a n d F r a n c e . I n G e r m a n y , t h e old t e r m Molybdan, as 
well a s D . Li. G. K a r s t e n ' s t e r m Molybddnglanz, a re used for t h e su lph ide . 

M. Ogawa 6 reported that molybdenite and thorianite contain a new element closely 
allied to molybdenum, arid probably identical with the new tin-group element reported by 
C. de B. Evans in thorianite. The element was said to differ from molybdenum in being 
soluble in hot cone, hydrochloric acid, and in giving no colour reaction when its higher 
oxide is reduced with tin and hydrochloric acid either in the presence or absence of potassium 
thiocyanate. M. Ogawa also reported another element which he called nipponium, to 
occur in molybdenite, thorianite, and reinite ; this element was said to fill the gap between 
molybdenum and ruthenium. These results have not been confirmed. K. Nasini and 
E. Baschieri could find no nipponium in the molybdenite from Stilo, Calabria. 
O- O. Boucher e extracted from cast-iron and blast-furnace boiler-dust " a new element" 
which was shown by F. O. Ruddock, and C. H. Jones to be molybdenum mixed with iron. 

M. Qerber reported that molybdenum is not a simple substance, but that it is accom­
panied by an isotope which is chemically and spectroscopically identical. He called this 
element neomolybdemtm. He said that noomolybdenum was separated from molybdenum 
by fractional crystallization of a specimen of ammonium molybdate prepared from molyb­
denite from Olen Innis, New South Wales. The most soluble fractions, when analyzed, 
have for the metal an at. wt. = 99-9 (Mo = 96), and, moreover, the acidic oxide obtained 
by heating this ammonium salt was far more volatile than ordinary molybdic acid. These 
statements have not been confirmed. 
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Uskeanumregnum mineral*, !Leipzig, 2. i, 337, 1789 ; J. B. L. Rome de l'lsle, Cristallographie, 
TSS13Z™"o l f 1^T83 * J°>ef^r*Pti°n meihodique dTune collection de minlraux de M.D.R.D.L., Paris, 
165, 1773 ; B. G. Sage, EUmens de mine'ralogie docimastique, Paris, 1. 194, 1777 ; 2. 501, 1777 ; 
P. J. Macquer, Dictionnaire de chirnic, Paris, 1778. 
C,^ ^UJ'^elin' Svenska Akad' N&a Ha,nd.,Q.2SS, 1788; CrelVs A an., i, 391, 1790: i, 179, 248, 
266, 353, 429, 1791 ; ii, 59, 1791 ; i, 260, 1792 ; H, 358, 1792 ; i, 238, 1794 ; B. Pelletier, Obs. 
.I?22'p 57*J*43* t 3 1 ' 1 7 8 5 ; J ' J« Berzelius, Svenska Akad. Handl., 145, 1825 ; Pogg. Ann., 4. 153, 
1825 ; 6. 331, 369, 1826 ; 7. 261, 1826 ; Ann. Chim. Phys., (2), 17. 5, 1821 ; Schweigger's Journ., 
SrVn

6U 1 ^ 1 7 ; 4 7 ' 87» 1 8 2 6 ; Ann* PhU., 11. 235, 1826 ; Edin. Journ. Science, 4. 133, 1826 ; 
TZE: B u o h o l z » Schererys Journ., 9. 485, 1803 ; OeJOen's Journ., 4. 598, 1803 ; Phil. Mag., 16. 193, 

? ; A'icAo&on's Journ., 20. 121, 188, 253, 1808 ; Journ. Mines, 18. 241, 1808. 
* R. Kirwan, Elements of Mineralogy, Dublin, 2. 58, 1796 ; A. Brongniart, Traite Uementaire 

de mtneralogie, Paris, 2. 92, 1807 ; D. L. G. Karsten, Mineralogische Tabellen, Berlin, 70, 1808. 
• M. Ogawa, Chem. News, 98. 261, 1908 ; Journ. CoU. Science Tokyo, 25. 15, 16, 1908; 
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R. Nasini and E . Basohieri, AUi Accad. Lincei, (5), 2 1 . 692, 1912 ; C. de B . Evans , Joutm. Che*n. 
Soc9 98. em9 1908. - m; 

6 G. O. Boucher, C&ew*. 2\reM;<Sf 76. 99, 1897 ; F . Q. Ruddock, ifc., 76. 118, 1897 ; C- H . Tories, 
ib.9 76. 171, 1897 ; M. Qerber, Mon.it. Scient., (B)9 7. 73, 121, 169, 219, 1917. 

§ 2. The Occurrence of Molybdenum 
Molybdenum does n o t occur in the e lemental form in nature. I ts compound* 

are among the scarcer const i tuents of the earth's crust. According to F . W. Clarke 
and PT. S. Washington , 1 the average proportion of mo lybdenum in t h e igneous rocks 
of the earth's crust i s w X 10~~6 per cent. J. II. L». Vogt es t imated n X 10~*7 per cent . 
W. Vernadsky gave O 0 5 9 for the percentage amount , and O 0 4 5 for the a tomic 
proportion. W. and J. Noddack and O. Berg gave 10~~7 for the absolute abundance 
of m o l y b d e n u m on the earth. The general subject was discussed b y H. S. Washing­
ton , Gr. Tammann , V. M. Goldschmidt, E . Herlinger, A. v o n Antropoff, O. H a l m , 
and J. JoIy. H. A. Rowland 2 included molybdenum among the e lements -which 
had been detected spectrosco|^ically in the sun ; a l though C. C. Hutchin« and 
E . S. Holden failed to detect molybdenum lines in the solar spectrum. J. N . Lockyer , 
however, attr ibuted certain lines in the spectrum of the sun to mo lybdenum ; and 
S. Albrecht detected the lines of this e lement in the spectrum ofy-Geminorum. 

F i a . 1 .—Geographical !Distribution of t h e M o l y b d e n u m Ores. 

The t w o minerals of practical importance are molybdenite , MoS 2 , and wulfenite , 
PbMoO 4 . Molybdeni te—molybdenum sulphide—is a pneumato lyt ic product 
derived from granitic magmas . Most of the occurrences of mo lybden i t e are c losely 
associated w i th acidic plutonic rocks, particularly the granites. I t occurs embedded 
in t h e granite itself, or along open jo ints or in dykes cut t ing the granite or the 
neighbouring rocks. I t also occurs in deep-seated ve ins allied t o t h e pegmat i tes , 
or in t h e fissure ve ins of metalliferous lodes. The mineral is here of direct magmat i c 
origin, and is concentrated in the later solidifying portions of the m a g m a along wi th 
t in , "wolfram, and sulphides ; and i t is frequently associated w i th fluoriferous 
minerals—tourmaline, topaz, and fluorspar. Molybdenite is somet imes associated 
w i t h crystall ine l imestone or lime-silicate rocks formed b y the thermal metamorphism 
a n d m e t a s o m a t i s m of calcareous deposits near the granite. This case is i l lustrated 
b y s o m e of the Canadian deposits where t h e molybdeni te has been produced b y t h e 
transfer of material from the granitic m a g m a to the sediment , a n d recrystall ization. 
I n t h e w e s t of the Uni ted States , the wulfenite—lead molybdate—is usual ly a 
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secondary mineral which has been formed in the oxidation zone of the upper levels 
for both lead and molybdenum occurs as sulphides lower down. The subject was 
discussed by GL O. Smithy A. R. Crook, J. W. Wells, W. H. Emmons, W. C. Brogger, 
F. Schafarzik, R. Brauns, L. W. Staples and C. W. Cook, and E. Thomson. 

The geographical distribution4 of the more important molybdenum ores is 
summarized in the map, Fig. 1. The chief localities are as follow : 

Europe. S m a l l q u a n t i t i e s of m o l y b d e n i t e h a v e b e e n r e p o r t e d f rom a n u m b e r of 
loca l i t i es i n t h e British Isles 6 e.g., a t L a l a n t , M a r a z i o n , S t . D a y , G u i n e a r , e t c . i n C o r n w a l l ; 
M o u n t Sor re l , L e i c e s t e r s h i r e ; C a r r o c k Fe l l , C u m b e r l a n d ; T o m n a d a s h a n , P e r t h s h i r e ; i n 
t h e g r a n i t e s of G a l l o w a y , A r g y l e s h i r e , a n d I n v e r n e s s ; M u r v e y , G a l w a y ; n e a r L o u g h L a r a g h , 
I n i s h d o v e y , D o n e g a l . I n n o case is a n y d e p o s i t of c o m m e r c i a l v a l u e . !No d e p o s i t s a r e 
w o r k e d i n France tt o n a c o m m e r c i a l sca le . M o l y b d e n i t e h a s b e e n r e p o r t e d a t Miser i , n e a r 
N a n t e s ; i n H a u t e V i e n n e ; a t S t . L e o n a r d , L i m o g e s ; Chessy , i n t h e C e n t r a l P l a t e a u ; t h e 
r e d g r a n i t e of Glac ie r d e l a Mei je , D a u p h i n e ; i n t h e gne i s s n e a r t h e M e r d e Glace ; a n d i n t h e 
Vosges . M o l y b d e n u m c o n c e n t r a t e s h a v e b e e n e x p o r t e d f r o m Spain.7 T h e r e a r e m o l y b ­
d e n u m o c c u r r e n c e s o n t h e S i e r r a d e G u a d a r r a m a , V i l l a ca s t i n , N a v a c e r r a d a , H o y o d e 
M a n z a n a r e s , a n d a t t h e T o r r e l o d o n e s t u n n e l ; a l so a t C u e v a s d e S a l a b e , A s t u r i a s ; E s p i n a -
bel , G e r o n a ; Socor ro m i n e , L i n a r e s ; M a d r o n a l , S a n R o q u e , S i e r r a d e Mi ja s , M a l a g a ; 
S i e r r a N e v a d a a n d i n s e v e r a l p l a c e s i n G r a n a d a . I t a l so o c c u r s a t Velez d e B e n a u d e l l a , 
a n d Q u e j a r , S i e r ra , n e a r A l b u n u e l a s ; i n t h e U m b r u a de l M a d r o n a l ; a n d i n A I m e r i a . 
M o l y b d e n i t e occu r s i n a few p l a c e s i n Italy 8 e.g. T r a v e r s e l l a , D r u s a c c o , Q u i t t e n g o , 
B o l l a d o r e , V i l l a p u t z u , S a r d i n i a , a n d a t M o n t e S o m m a . I n Switzerland,9 o c c u r r e n c e s of 
m o l y b d e n u m h a v e b e e n o b s e r v e d a t B i n n e n t h a l , L u c e n d r o , M i i r t s c h e n a l p , A l e t s c h , a n d 
V i s p ; a n d i n Austria,1 0 a t S a l z b e r g , Z i l l e r tha l , a n d S c h m i r n . O c c u r r e n c e s h a v e b e e n 
f o u n d i n Yugo-Slavia 1 X—e.g. i n C a r i n t h i a (S loven ia ) . M o l y b d e n i t e o c c u r s i n v a r i o u s p a r t s 
of Russia 1 2 e.g. n e a r B a s h A b a r a n , C a u c a s u s ; i n t h e Z a n g u e z a r d i s t r i c t , on t h e l l m e n s k y 
Hi l l s , n e a r t h e R i v e r C h e r e l i p a n k y ; t h e r e a r e d e p o s i t s i n Finland,1 3 a n d a t M a t a s v a a r a , 
a n d P i t k a r a n t a . I n Germany,1 4 m o l y b d e n i t e occu r s a s a r a r e c o n s t i t u e n t of t h e s t a n n i ­
f e rous v e i n s of G e y e r , E r z g e b i r g e ; a t S a n b e r g e , E h r e n f r i e d e r s d o r f ; a n d a t Sadisdorf , 
S a x o n y . M o l y b d e n i t e occu r s i n Sweden 1 5 n e a r N o r r k o p i n g ; a n d on t h e I s l a n d of E k h o l -
m e n i n V e s t e r v i k . T h e r e a r e i m p o r t a n t d e p o s i t s of m o l y b d e n u m o r e in Norway,1 6 w h i c h is 
r e g a r d e d a s o n e of t h e p r i n c i p a l p r o d u c e r s . M o s t of t h e N o r w e g i a n o u t p u t is f rom m i n e s 
i n t h e d i s t r i c t s of K n a b e n , Moi , S i r e d a l e n , M a n d a l , T e l e m a r k e n , I > r a m m e n , a n d H a u g e s u n d . 
T h e o re h a s b e e n w o r k e d o n a s m a l l sca le a t S y v e r s v o l d e n , O s t v a a g o , S m o l e n , L a n g v a t e n , 
a n d T j a a r d a l s k a m p e n . M o l y b d e n i t e is a n a c c e s s o r y c o n s t i t u e n t of m a n y of t h e i g n e o u s 
r o c k s of N o r w a y L a u r v i k , F r e d e r i k s v a r n , L a n g e s u n d f j o r d , L o v o , a n d K l o k k e r h o l m e n . 

Asia. A . E . F e r s m a n 1 7 r e p o r t e d m o l y b d e n i t e i n t h e S e l e n g a n D a u r i a , Transbaikalia. 
M o l y b d e n i t e o c c u r s in a v e i n of p e g m a t i t e a t H e t i m u l l a , K e g a l l a , a n d Sa f f r agam in Ceylon.18 

C o n s i d e r a b l e a m o u n t s of m o l y b d e n i t e a r e a s s o c i a t e d w i t h wo l f r am a n d t i n in Burma 1 9 — 
e.g. Y a m e t h i n , S o u t h S h a n S t a t e s , T h a t o n , T a v o y , a n d M e r g u i . I n India,2 0 m o l y b d e n i t e 
o c c u r s i n t h e r o c k s of C h o t a N a g p u r ; H a j p u t a n a ; S o u t h T r a v a n c o r e ; Madxira ; T r i c h i n o -
p o l y ; K u r i n a v a r a m ; M a n g a m a l a i ; O r e g u m , M y s o r e ; P a t r i a R i v e r , M a h a b a g h ; a n d 
U r m i , B e n g a l . M o l y b d e n u m ores h a v e b e e n r e p o r t e d a t O h a n t a b u n o n t h e e a s t coas t of 
Slam : a l i n K w a n g - t u n g i n China ; a n d a t Gifu, T o y a n i a , N i i g a t a , T o t o r i , a n d H y o g o i n 
Japan. 2 2 I n Siberia,23 a n d A s i a t i c R u s s i a , t h e r e a r e d e p o s i t s in t h e K i r g h i z S t e p p e s , a n d 
in t h e T r a n s b a i k u l p r o v i n c e , e t c . 

Africa. J . B a r t h o u x 2 4 d e s c r i b e d t h e d e p o s i t s of wu l fen i t e in Morocco ; G. Cas te l l i , 
t h o s e i n P o r t u g u e s e An go 11 ; a n d R . A . F a r q u l i e r s o n , t h o s e in Somaliland. M o l y b d e n i t e 
h a s b e e n r e p o r t e d i n N i g e r i a 2 6 n e a r J o s , a n d i n t h e J a r a w a Hi l l s , a s wel l a s in t h e cassi-
t e r i t e v e i n s of D o g o n D a j i . I n Southern Rhodesia,2 6 m o l y b d e n i t e occur s a t TJmtal i , 
H a r t l e y d i s t r i c t , a n d n e a r B u l a w a y o ; i n South West Africa,27 s o u t h of U s a k o s ; i n t h e 
K u i s e b V a l l e y ; a t A u s , a n d in t h e Ve l loo r H i l l s , W a r m b a d d i s t r i c t ; a t G a n s b e r g ; a n d 
T s u m e b . T h e o re o c c u r s i n m a n y p l ace s i n t h e Union of South Africa 2 8—e.g. in t h e g r a n i t e 
r o c k s n e a r S t e l l e n b o s c h , C a p e P r o v i n c e ; i n v a r i o u s local i t ies of t h e c o p p e r d i s t r i c t of L i t t l e 
N a m a q u a l a n d ; i n t h e T r a n s v a a l a t A p p i n g a d a m , S t a v o r e u , E n k e l d o o r n , a n d H o u l e n b e k ; 
a n d i n N a t a l i n t h e v a l l e y of H l a t i m b a , a n d a t TTmkukuse , S u b e n i , a n d i n Buffalo va l l ey . 

North America. E x t e n s i v e d e p o s i t s of m o l y b d e n i t e o c c u r i n Canada 2 9 — B r i t i s h 
C o l u m b i a , M a n i t o b a , N e w B r u n s w i c k , N o v a Sco t i a , O n t a r i o , Q u e b e c , a n d N e w f o u n d ­
l a n d . D e p o s i t s o c c u r i n t h e United States 3 0 i n A r i z o n a , Cal i fornia , Co lo rado , S o u t h 
D a k o t a , M a i n e , M o n t a n a , N e v a d a , N e w Mexico , T e x a s , U t a h , a n d W a s h i n g t o n . M o l y b ­
d e n i t e o c c u r s i n S h a k e n i n Alaska . 9 1 M o l y b d e n i t e h a s b e e n r e p o r t e d f rom t h e L e e w a r d 
I s l a n d s , West Indies ; a a a n d f r o m H a w a i i . 3 3 Ores h a v e b e e n r e p o r t e d f rom a d o z e n s t a t e s 
i n Mexico 3 4 — S a n J o s e , T a m a u l i p a s ; N a c o s a r i , S o n o r a ; S a h u a r i p a , E l P o o v e n i r , T e m a -
s c a l t e p e e , C h i h u a h u a , H i d a l g o , e t c . M o l y b d e n i t e a l so o c c u r s i n C e n t r a l A m e r i c a . 3 5 

South America. M o l y b d e n i t e h a s b e e n f o u n d i n Argentina,3 6 a t S a n Virgil io, S ier ra d e 
C o r d o b a ; a n d L o s C o l o r a d i t o s , S i e r r a d e Ve la sco . I n Bolivia,3 7 t h e m i n e r a l occur s i n 
t h e T a s n a d i s t r i c t , O r u r o ; a n d i n L a r e c a j a , L a P a z . I n Chile,88 m o l y b d e n i t e h a s b e e n 
r e p o r t e d a t C u p a n e , a n d L a P u n t a . I n Peru,3 9 i n t h e J a u j a p r o v i n c e , J u n i n ; a t R u n a t u l l o , 
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Picran ; Torrioc ridge, Janchis - J u c h a ; Tipi l lapa ; a n d Caseas, Contumaza . I n BnUsS**0 

a t Val longo. I t also occurs a t S a n t a !Rita and. P a t a g o n i a . 4 1 

Australasia.—In New South Wales , 4 2 m o l y b d e n i t e occurs in t h e N e w E n g l a n d district-*-
Wilson's Downfal l , R o c k R i v e r or W a n g l e b u n g , Bo l iv ia , Deepwater , Olen E d e n , K i n g s g a t e , 
Yarrow Creek, Booralong or Balderle igh, A t t u n g a a n d Moonbi ; in t h e Y e t h o l m e district—** 
M o u n t Tennyson , Oemaila, a n d Tarana ; a n d in t h e Whips t i ck district J ingera , M o u n t 
Metall ic , B lack Range , a n d T a n t a w a n g l o . I n t h e Northern Territory,*8 depos i t s occur a t 
Yenberrie, and H a t c h e s Creek. I n Queensland,44 there are large depos i t s of m o l y b d e n u m 
ore, a t Stanthorpe , B all a n d e a n ; i n t h e northern area in t h e Chillagoe district ; t h e Wol ­
fram area, t h e Bamford Mining field ; R o c k y Creek area ; K h a r t o u m area ; Tyrconne l ; 
Mt . Perry ; and Boomarrie . I n South Australia,45 m o l y b d e n u m occurs in t h e M o o n t a 
and Walaroo areas. I n Victoria,48 m o l y b d e n u m ore occurs a t Wangrabel le , Oipps lund ; 
a n d a t E v e r t o n , in the B e e c h w o r t h district . I n West Australia,47 m o l y b d e n u m ores occul* 
near t h e Y a l g o o goldfield ; near Leonora ; a t CaIHe Soak ; Coolgardie ; in t h e M o u n t 
Margaret goldfield ; a t Southern Cross, S w a n View, W a g i n , R a v e n s t h o r p e , Clackline, and 
B l a c k b o y Hi l l . I n New South Wales , 4 8 m o b y b d e n i t e occurs near Klingsgate. I n Tas­
mania, 4 9 smal l deposi ts occur i n var ious local i t ies e.g. on t h e W e s t s ide of Mt . S tronach ; 
in t h e hinterland of Scamander district ; in the district of Moina ; E a s t of R i v e r Kortl* ; 
ICing I s l a n d ; and South Heemshirk . In New Zealand,6 0 m o l y b d e n i t e has been reported 
a t Ohio Creek, T h a m e s Coldfield ; a t Fourteen-mi le Creek, Greymouth ; in the Mt. 
R a d i a n t district ; near Specimen Creek ; a t R i c h m o n d Hill , Parapara ; B r a v o Is land ; 
an d near D u s k y Sound. 

Before 1914, m o l y b d e n u m m e t a l sold a t a b o u t 6/— pe r lb . ; in 1918, f e r romolyb-
d e n u m w i t h 50 t o 60 p e r cent , m o l y b d e n u m sold a t a b o u t 16/— p e r l b . ; a n d in 1920, 
a t a b o u t 9/6 pe r lb . T h e pr ice of m o l y b d e n u m ore in 1924 r a n g e d f rom 52s. 6<#. 
t o 55s. Od. p e r u n i t . !Reliable d a t a for e s t i m a t i n g t h e wor ld ' s o u t p u t h a v e b e e n 
ava i l ab l e o n l y i n c o m p a r a t i v e l y r e c e n t t i m e s . U n t i l t h e d e m a n d for m o l y b d e n u m 
for t h e m a n u f a c t u r e of special s teels a rose , t h e g r e a t e r p a r t of t h e wor ld ' s o u t p u t 
w a s a b s o r b e d in t h e m a n u f a c t u r e of a few chemica l r e agen t s . B . H . R a s t a l l 5 1 

e s t i m a t e d for 1915—1920 t h e p r o p o r t i o n of m e t a l in m e t r i c t o n s c o n t a i n e d in t h e 
c o n c e n t r a t e s p r o d u c e d b y different coun t r i e s , t o b e a s follows : 

Austral ia 
Bo l iv ia 
Canada 
Chile 
China 
ICorea 
J a p a n 
Mexico 
N o r w a y . 
Peru 
Spain 
Sweden 
U n i t e d S ta te s 

1915 
70-8 

6-5 
8 0 

\ 72*3 
1-3 
5-2 

. 82-4 

1917 
94-4 

89-9 
20-1 

2-4 
59-2 
12*1 

8 2 1 
3-8 

20-3 
158-8 

1918 
105-1 

102-9 
— 

1 1 
10-7 
70-3 
14-O 
84-9 

1*3 

25-1 
390-8 

192O 
35*5 

ni l 
— 
— 
— 
— 
0-3 

1 0 

—__ 
15-8 

T h e mine ra l s c o n t a i n i n g m o l y b d e n u m inc lude t h e c rys ta l l ine su lph ide , m o l y b ­
denite , MoS 2 - or t h e colloidal fo rm, jordisite : t h e m o l y b d a t e s , wul fen i te , P b M o O 4 ; 
powel l i te , CaMoO 4 , a s soc ia ted w i t h C a W O 4 ; be lonos i te , MgMoO 4 ; mo lybd ic o c h r e , 
or molybdi te , M o O 3 ^ H 2 O , a n d F e 2 ( M o 0 4 ) 3 . n H 2 0 — p o s s i b l y a m i x t u r e ; o c h r e -
m a t i t e , 3 { 3 P b ( A s 0 4 ) 2 . P b C l 2 } . 4 P b 2 M o 0 6 ; ferrous te tramolybdite of M. Sp ica ; ^ 
pateraite , i m p u r e C o M o O 4 ; i l s emanni t e , o r b lue ox ide , MoOo.4MoO<*, or 
M o 3 O 8 ^ H 2 O . 

W . F . H i l l e b r a n d G3 r e p o r t e d on t h e m o l y b d e n u m c o n t e n t of the*Amer ican rocks ; 
a n d M. Spica ana lyzed t h e m o l y b d e n u m m i n e r a l s of St i lo , Ca labr ia . C. J . H e i n e 
d iscussed t h e m o l y b d e n u m c o n t e n t of t h e c o p p e r schists of Mansfield, a n d P . K r u s c h , 
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§ 3 . The Extraction of Molybdenum 

T h e m o l y b d e n u m ores a r e first c o n c e n t r a t e d . 1 I n t h e case of wul fen i te ores , 
t h i s o p e r a t i o n is c o m p a r a t i v e l y s imple because t h e m i n e r a l h a s a h i g h sp . gr . a n d 
is easi ly w e t t e d . H e n c e , w a t e r s e p a r a t i o n c a n be e m p l o y e d for r e m o v i n g t h e g a n g u e . 
P n e u m a t i c c o n c e n t r a t i o n h a s a lso b e e n u s e d w h e n w a t e r is sca rce . M o l y b d e n i t e 
is n o t u sua l ly t r e a t e d b y w a t e r s e p a r a t i o n because t h e f laky m i n e r a l is n o t eas i ly 
w e t t e d , a n d i t is l iable t o float. T h e ores a r e p o o r — o v e r 2 p e r cen t , of m o l y b d e n i t e 
is r a r e . T h e e l ec t ros t a t i c process c a n be e m p l o y e d w i t h ore r a t h e r coa r se ly c r u s h e d . 
T h e ore is d r i ed a n d w a r m e d . O t h e r su lph ides a lso col lect w i t h t h e m o l y b d e n i t e , a n d 
t h e f lo ta t ion process is t h e m o s t successful m o d e of c o n c e n t r a t i n g t h e ore . W a t e r 
f lo ta t ion is used in some cases , b u t oil f lo t a t ion—in different fo rms —is m o r e gener ­
a l ly e m p l o y e d . 

The extraction of -molybdates or molybdic acid.—F. W o h l e r , 2 a n d J . J . Berze l ius 
r e c o m m e n d e d r o a s t i n g t h e su lph ide in a c u r r e n t of a i r so a s t o col lect t h e s u b l i m a t e 
of m o l y b d e n u m t r i ox ide . C. B r u n n e r roas t ed a n i n t i m a t e m i x t u r e of t h e su lph ide 
w i t h s a n d , w i t h s t i r r ing u n t i l t h e m a s s b e c a m e yel low. T h e m o l y b d i c ac id w a s 
e x t r a c t e d w i t h a q . a m m o n i a ; a n d t h e unox id i zed r e s idue w a s r o a s t e d aga in . 
T h e a m m o n i a c a l soln. w a s t r e a t e d w i t h a l i t t l e a m m o n i u m h y d r o s u l p b i d e t o 
p r e c i p i t a t e t h e c o p p e r ; t h e n i t r a t e w a s e v a p o r a t e d t o d r y n e s s ; e x t r a c t e d w i t h 
di l . a m m o n i a ; a n d t h e f i l t ra te e v a p o r a t e d for t h e c rys ta l l i za t ion of a m m o n i u m 
m o l y b d a t e . R . W . S t i m s o n , C. Svensson , a n d JL. F . S v a n b e r g a n d H . S t r u v e u s e d 
modi f ica t ions of t h e p rocess . F . L»uchs de f l ag ra t ed a m i x t u r e of p o t a s s i u m n i t r a t e 
a n d m o l y b d e n i t e , e x t r a c t e d t h e m a s s w i t h w a t e r , a n d t r e a t e d t h e p r o d u c t w i t h 
n i t r i c ac id . A. K i s sock r o a s t e d a m i x t u r e of t h e su lph ide w i t h l ime. 

K . Chr i s t ! m e l t e d a m i x t u r e of p o w d e r e d wulfeni te a n d s o d i u m c a r b o n a t e , a n d 
p o u r e d o u t t h e m o l t e n m a s s so t h a t t h e a lka l i m o l y b d a t e w a s s e p a r a t e d a s m u c h 
a s poss ib le f rom t h e l ead ox ide . T h e cold c a k e w a s e x t r a c t e d w i t h h o t w a t e r . T h e 
f i l t ra te w a s t r e a t e d w i t h a l i t t l e a m m o n i a a n d a m m o n i u m c a r b o n a t e t o p r e c i p i t a t e 
l ead c a r b o n a t e ; a n d t h e n i t r a t e w a s m i x e d w i t h n i t r i c ac id a n d e v a p o r a t e d t o 
d r y n e s s . T h e s o d i u m n i t r a t e w a s r e m o v e d f rom t h e m o l y b d i c ac id b y e x t r a c t i o n 
w i t h w a t e r . C. E l b e r s modif ied t h e p rocess b y a d d i n g i ron t u r n i n g s or c a r b o n i z e d 
p o t a s s i u m t a r t r a t e t o t h e or ig ina l m i x t u r e . Th i s r educes t h e l ead t o t h e m e t a l , 
b u t n o t t h e m o l y b d i c acid . A . K i s sock r o a s t e d t h e ore m i x e d w i t h a ca l c ium sa l t , 
so a s t o fo rm ca lc ium m o l y b d a t e a n d , s imi la r ly , b y r o a s t i n g w i t h ferric ox ide o r 
s u l p h i d e , ferric m o l y b d a t e is fo rmed . T h e p r o d u c t w a s t h e n t r e a t e d for m o l y b d i c 
ac id . J . W . W e i t z e n k o r n h e a t e d a m i x t u r e of m o l y b d e n i t e w i t h m a n g a n e s e ox ide 
i n t h e p re sence of o x y g e n . F . D . S. R o b e r t s o n r o a s t e d t h e su lph ide o re t o ox ide , 
a n d t h e n vola t i l i zed t h e m o l y b d e n u m , t r i o x i d e . B . Broch , a n d P . S c h w a r z k o p f 
h e a t e d t h e o re a t 1100°~-1500° in d r y o x y g e n t o volat i l ize t h e t r i o x i d e ; and 
S. W e s t b e r g and E . E d w i n first r e d u c e d t h e o re w i t h h y d r o g e n before t n e o x y g e n 
t r e a t m e n t . E . K . J e n c k e s l eached r o a s t e d m o l y b d e n i t e w i t h a q . a m m o n i a ; p r e ­
c i p i t a t e d i ron , copper , a n d ca l c ium from the soln. ; and t h i s , w h e n crystall ized, 
furnished a m m o n i u m molybdate . Guggenheim Bros, heated the ores in a gas 
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c o n t a i n i n g su lphur—e .g . s u l p h u r v a p o u r , h y d r o g e n or c a r b o n su lph ides—so a s t o 
fo rm a vo la t i l e su lph ide . G-. D . v a n Arsda l e a n d co -worke r s w a s h e d t h e r o a s t e d 
o re w i t h di l . s u l p h u r i c ac id , t r e a t e d i t w i t h a lkal i - lye t o f o r m a lka l i m o l y b d a t e , 
a n d r e g e n e r a t e d t h e a lka l i - lye a t t h e a n o d e . F . I J . H a h n a n d W . F r a n k e h e a t e d 
t h e m o l y b d a t e a t 250° t o 300° w i t h c a r b o n t e t r a c h l o r i d e u n d e r p ress . , a n d e x t r a c t e d 
t h e p r o d u c t w i t h ac id . 

F . TTiIiIr w a s h e d t h e wul fen i te ore w i t h di l . hyd roch lo r ide ac id t o r e m o v e car ­
b o n a t e s , p h o s p h a t e s , ox ides , e t c . ; t h e w a s h e d p r o d u c t was d iges ted w i t h h o t , cone , 
h y d r o c h l o r i c ac id ; t h e soln. w a s c o n c e n t r a t e d a n d cooled t o s e p a r a t e l e ad ch lor ide ; 
a n d t h e r e m a i n i n g l e ad p r e c i p i t a t e d a s l e ad s u l p h a t e ; or else t h e soln. w a s e v a p o ­
r a t e d t o d r y n e s s , a n d t h e m o l y b d e n u m c o m p o u n d e x t r a c t e d w i t h a q . a m m o n i a a s 
r e c o m m e n d e d b y F . W o h l e r . Bas ic l ead ch lor ide r e m a i n e d . A m m o n i u m m o l y b d a t e 
w a s c rys ta l l i zed f rom t h e soln. ; o r else t h e soln . w a s e v a p o r a t e d w i t h n i t r i c ac id , 
a n d t h e a m m o n i u m n i t r a t e r e m o v e d f rom t h e m o l y b d i c ac id b y wash ing w i t h w a t e r . 
H . O e b r a y purif ied t h e a m m o n i u m m o l y b d a t e b y h e a t i n g t o r edness a m i x t u r e 
w i t h a n e q u a l a m o u n t of a m m o n i u m chlor ide , a n d r o a s t i n g t h e p r o d u c t . T h e 
pur i f ica t ion of m o l y b d e n u m sa l t s is d i scussed i n m e m o i r s dea l ing w i t h t h e a t . w t . 
(q.v.). C E l b e r s d e c o m p o s e d wul fen i t e b y h e a t i n g i t w i t h cone , su lphu r i c ac id ; 
a n d a f te r e v a p o r a t i o n , t h e b lue l iqu id w a s d i l u t e d w i t h w a t e r . T h e filtrate f rom 
t h e l ead s u l p h a t e w a s m i x e d w i t h n i t r i c ac id a n d e v a p o r a t e d . Molybd ic ac id separ ­
a t e d o u t , a n d t h i s w a s w a s h e d w i t h w a t e r a c i d u l a t e d w i t h n i t r i c ac id . T h e filtrate 
w a s a g a i n d i l u t e d a n d t r e a t e d w i t h n i t r i c ac id t o r e cove r m o r e m o l y b d i c ac id . 
W . DeIfEs, a n d A . R o d l a n d d e c o m p o s e d t h e m i n e r a l w i t h n i t r i c ac id , b u t C. E l b e r s , 
a n d A. v o n W i c h d i d n o t r e c o m m e n d t h e p rocess . 

L . A. B u c h n e r a n d F . M a h l a h e a t e d a m i x t u r e of wul fen i te a n d c a r b o n in a c u r r e n t 
of ch lor ine , a n d e x t r a c t e d t h e m o l y b d e n u m ch lor ide w i t h a lcohol . P . N i c o l a r d o t 
o p e n e d u p t h e wul fen i te b y fusion w i t h p o t a s s i u m h y d r o s u l p h a t e ; e x t r a c t e d t h e 
co ld m a s s w i t h w a t e r ; e v a p o r a t e d t h e so ln . t o d r y n e s s ; a n d h e a t e d t h e p r o d u c t 
w i t h c a r b o n a n d s u l p h u r t o fo rm m o l y b d e n u m d i su lph ide . F . W o h l e r h e a t e d a 
m i x t u r e of wul fen i te , c a r b o n i z e d s o d i u m t a r t r a t e , a n d s u l p h u r ; d i sso lved t h e 
s o d i u m s u l p h o m o l y b d a t e in w a t e r , a n d on t r e a t i n g t h e soln . w i t h su lphu r i c acid, 
m o l y b d e n u m t r i s u l p h i d e w a s p r e c i p i t a t e d . T h i s w a s w a s h e d , d r i ed , a n d h e a t e d 
o u t of c o n t a c t "with a i r . T h e r e su l t i ng m o l y b d e n u m d i su lph ide w a s r o a s t e d for 
m o l y b d e n u m t r i o x i d e . Gr. E . M aur i t i i o b t a i n e d t h e s u l p h o m o l y b d a t e b y boi l ing 
t h e m i n e r a l w i t h p o t a s s i u m c a r b o n a t e a n d s u l p h u r ; F . W o h l e r , w i t h soda- lye a n d 
s u l p h u r ; GL C. W i t t s t e i n , w i t h s o d i u m p o l y s u l p h i d e ; a n d W . W i c k e , w i t h a q . 
a m m o n i u m su lph ide . 

Acco rd ing t o J . P . B o n a r d i , w h e n wul fen i te is first c o n c e n t r a t e d , t h e c o n c e n t r a t e 
c o n t a i n s 15 t o 20 p e r c e n t , of M o O 3 . T h e v a n a d i n i t e , ce russ i t e , angles i te , ga lena , 
p y r o m o r p h i t e a n d m i m e t i t e col lect i n t h e c o n c e n t r a t e . T h e ore c a n t h e n be t r e a t e d 
w i t h a n ac id or a n a lka l ine l each , o r fused w i t h s o m e t h i n g w h i c h will r e d u c e t h e 
l e a d t o t h e me ta l l i c f o rm a n d l eave t h e m o l y b d e n u m i n t h e s lag. T h e acid l each 
is t h e l e a s t f a v o u r a b l e p rocess . T h e s o d i u m su lph ide l each h a s p r o v e d m o s t sa t i s ­
f a c t o r y . T h e m o l y b d e n u m passes i n t o soln . a s s o d i u m m o l y b d a t e , t h e l ead a n d 
p rec ious m e t a l s col lec t i n t h e r e s idues . T h e s o d i u m m o l y b d a t e c a n t h e n be used 
for t h e p r e p a r a t i o n of f e r r o m o l y b d e n u m , e t c . If t h e c o n c e n t r a t e be fused w i th 
soda -a sh , c aus t i c soda , a n d coal , t h e l e ad is r e cove red a s bul l ion , a n d t h e s o d i u m 
m o l y b d a t e c a n b e l e a c h e d f rom t h e s lag. T h e s u b j e c t w a s d iscussed b y R . E . H e a d 
a n d V. Miller. 

R . E . P e a r s o n a n d co -worke r s 8 p r o p o s e d a n e lec t ro ly t i c p rocess for e x t r a c t i n g 
t h e m o l y b d e n u m . T h e ore is g r o u n d a n d m i x e d t o a p a s t e w i t h su lphur i c acid, 
a n d t h e m i x t u r e is r e p l a c e d o n a l ead p l a t e w h i c h fo rms t h e a n o d e of a n e lec t ro lyt ic 
cell c o n t a i n i n g di l . s u l p h u r i c ac id . O n pa s s ing a c u r r e n t t h r o u g h t h e cell t h e basic 
i m p u r i t i e s , e.g. i ron , m a n g a n e s e , c a l c ium or s o d i u m ox ide , in t h e m a t e r i a l on t h e 
a n o d e p a s s i n t o soln. , l e a v i n g a r e s idue of t u n g s t e n or m o l y b d e n u m oxides . Al te r ­
n a t i v e l y t h e a n o d e m a y cons i s t of nickel o r a n icke l a l loy , a n d t h e e lec t ro ly te of 
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caust ic soda, whereby soluble sodium tungstate or molybdate is formed and the 
foreign meta ls are left as anode sl ime. 

I n working up molybdenum residues which collect in the determinat ion of phos ­
phates in the analysis of manures, steel, e tc . , the molybdic acid has t o be separated 
from phosphates . J. A. P r e s c o t t 4 evaporated the soln. to dryness ; d isso lved the 
residue in aq. ammonia ; and treated t h e soln. wi th magnesia mix ture t o precipitate 
the phosphoric acid. The soln. was then evaporated to al low the a m m o n i u m 
molybdate to crystall ize, and t h e mother- l iquors worked up w i t h a subsequent col­
lect ion of m o l y b d e n u m residues. Processes were also described b y C. R. Fresenius , 
F . Muck, O. Maschke, H. Ue lsmann, E . Reichardt , A. Gawalowsky, A. Borntrager, 
W. D . Brown, R. Friedrich, H . Kinder, P . Rudn ik and R. D . Cooke, C. G. Armstrong, 
H. Rubricius, E . S t a m m , e tc . V. Lenher and M. P. Schultz di luted the was te 
molybdate liquor, or treated i t w i th alkali so t h a t the a m o u n t of free nitric acid 
is reduced to 0-1—0-4 per cent . H y d r o g e n sulphide is then passed into the soln. , 
preferably warm, and the precipitated m o l y b d e n u m sulphide is washed and dried, 
after which i t m a y be converted into the trioxide b y roasting. Again, a m m o n i u m 
phosphomolybdate is dissolved in sufficient aq. sodium hydroxide t o make a soln. 
just alkaline to phenolphthale in ; the liquid, after ni trat ion if necessary, is treated 
wi th hydrogen sulphide, and the m o l y b d e n u m sulphide precipitated b y acidifying 
wi th dil. hydrochloric acid. 

The preparation of the element.—J. J . Berzel ius , 5 P . Wohler, C. F . Rammelsberg , 
C. W. Blake, J . H . Muller, P . Sabatier and J. B . Senderens, L. F . Svanberg a n d 
H. Striive, and H. N . Warren, obta ined t h e meta l b y heat ing m o l y b d e n u m trioxide 
to a high t emp, in a current of hydrogen. Since this oxide is volat i le a t a high t e m p , 
as pointed out b y H . Debray, and A. Rogers and F . H . Mitchell , it is better t o -work 
a t a lower t emp, a t first so as to make the less volat i le lower oxides, and reduce these 
a t the higher t emp. M. Guichard said t h a t the reduction to the brown dioxide begins 
a t 300°, and the dioxide begins to reduce a t about 500°, and is fairly rapid at 600°. 
The sole product of the reduction is m o l y b d e n u m — t h e incomplete ly reduced portion 
is a mixture of m o l y b d e n u m and its dioxide. F ine ly-div ided m o l y b d e n u m is no t 
appreciably oxidized b y s team at t e m p , below 700°. Consequently, the s team pro­
duced b y the act ion of hydrogen on the oxides of mo lybdenum a t 600—700° has 
no t endency to reverse the action, and m a y be considered as an inert gas ; above 
700°, however, i t is a reagent and the inverse change becomes possible. W h e n 
m o l y b d e n u m and i t s dioxide are heated at these t e m p , in a mixture of hydrogen 
and s team, bo th reactions, oxidat ion and reduction, occur s imultaneously, and the 
s tate of equilibrium finally at ta ined : M o 0 2 + 2 H 2 ^ M o + 2 H 2 0 depends on the 
partial press, of the const i tuents of the gaseous mixture. The meta l or i ts dioxide 
is n o t affected at 800° b y a current of the gaseous mixture containing i ts con­
s t i tuents in approximate ly molecular proportion ; when the proportion of s t e a m 
is larger t h a n this , the meta l is a lmost whol ly oxidized t o dioxide, whi l s t excess of 
hydrogen brings about a complete reduction of the oxide. Ju. Meyer and H . H a a s , 
and Li. P . !Liechti and B . K e m p e found t h a t i t is difficult to remove all the o x y g e n 
from the reduced meta l b y hydrogen and t h e y said tha t the las t traces of o x y g e n 
can be removed b y dry hydrogen chloride a t 200°, but A. Vandenberghe, and 
M. Guichard showed t h a t m o l y b d e n u m dioxide does not volati l ize w h e n heated 
in hydrogen chloride. There is a difficulty in obtaining a suitable vessel for the 
reduction, t o avo id contaminat ing the molybdenum, since, as was shown b y O. v o n 
der Pfordten, and b y A. Vandenberghe, t h a t meta l reacts a t a high t e m p , wi th plat i ­
n u m , and porcelain. A . Vandenberghe found t h a t an old porcelain vessel gave the 
bes t results since i t acquired a protect ive film of meta l from previous reductions. 
E . W . Engle preferred the hydrogen reduct ion process when the meta l of a high 
degree of puri ty is required. The reduct ion of m o l y b d e n u m trioxide commences 
a t about 300°. J. H . Muller used a quartz vessel . H . N . Warren used a tube of 
compressed l ime as container. S o m e impurit ies can be removed b y washing the 
m o l y b d e n u m powder wi th hydrofluoric acid, hydrochloric acid, and water . F . Wohler 
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a n d Li. v o n U s l a r r e d u c e d m o l y b d e n u m chlor ide a t a r e d - h e a t b y m e a n s of h y d r o ­
gen . O. v o n d e r P f o r d t e n r e d u c e d m o l y b d e n u m su lph ide o r m o l y b d e n i t e in t h e 
s a m e w a y — b u t A. V a n d e n b e r g h e a d d e d t h a t t h e m e t h o d is useful o n l y w h e n s m a l l 
q u a n t i t i e s h a v e t o b e r e d u c e d . A . E . v a n A r k e l o b t a i n e d m o l y b d e n u m b y h e a t i n g 
a f i l ament of t h e m e t a l i n a n a t m o s p h e r e of a n easi ly d issoc ia ted vo la t i l e c o m p o u n d . 

Mos t of t h e m o l y b d e n u m c o m p o u n d s a r e r e d u c e d b y carbon a t a h i g h t e m p . , 
a n d a l t h o u g h t h e r e is a t e n d e n c y t o fo rm a ca rb ide , a m e t a l of a h igh degree 
of p u r i t y c a n b e so o b t a i n e d . T h u s , P . J . H j e l m , C. F . Bucholz , a n d J . J . Berze l ius 
r e d u c e d m o l y b d e n u m t r i ox ide , o r ac id p o t a s s i u m m o l y b d a t e s b y h e a t i n g a w h i t e - h o t 
a d m i x t u r e w i t h c a r b o n in a c a r b o n cruc ib le ; a n d H . D e b r a y a d d e d t h a t t h e p r o d u c t 
c o n t a i n s 4 t o 5 p e r cen t , of c a r b o n w h i c h m a k e s t h e m e t a l m o r e fusible t h a n if i t 
were p u r e . E . D . Cla rke o b t a i n e d m o l y b d e n u m b y r e d u c i n g i t in t h e o x y h y d r o g e n 
b l o w p i p e f lame. A . S t e r n b e r g a n d A . D e u t s c h r e d u c e d a lka l ine e a r t h m o l y b d a t e s 
b y h e a t i n g t h e m w i t h c a r b o n a t 1000° t o 1400° ; c a r b o n m o n o x i d e is evolved , 
a n d t h e a lka l ine e a r t h ox ide c a n be r e m o v e d f rom t h e p r o d u c t b y hydroch lo r i c 
ac id . Accord ing t o A . V a n d e n b e r g h e , w i t h ca l c ium m o l y b d a t e , t h e p r o d u c t con­
t a i n e d 3 p e r cen t , of c a r b o n . If a lka l i m o l y b d a t e s a r e used , t h e a lka l i m e t a l is also 
fo rmed . H . Moissan p r e p a r e d m o l y b d e n u m a s follows : M o l y b d e n u m dioxide , 
p r e p a r e d b y s t r o n g l y h e a t i n g a m m o n i u m m o l y b d a t e , is m i x e d w i t h o n e - t e n t h of 
i t s w t . of s u g a r c a r b o n , a n d h e a t e d for a b o u t s ix m i n . in a c a r b o n crucib le in a n a rc 
p r o d u c e d b y a c u r r e n t of 800 a m p e r e s a n d 60 v o l t s . W i t h t h e p r o p o r t i o n s given, 
t h e m o l y b d e n u m oxide is in excess , a n d if t h e a c t i o n of t h e a r c is s t o p p e d before 
t h e o u t e r p o r t i o n s of t h e m i x t u r e in c o n t a c t w i t h t h e c ruc ib le h a v e h a d t i m e t o fuse, 
m o l y b d e n u m is o b t a i n e d q u i t e free f rom c a r b o n , a n d c o n t a i n i n g on ly f rom 0*1 t o 
0*2 p e r cen t , of s lag as a n i m p u r i t y . If, h o w e v e r , t h e a c t i o n of t h e a r c is p ro longed 
u n t i l t h e who le m i x t u r e fuses, t h e c ruc ib le is a t t a c k e d , a n d , on cool ing, a h a r d , 
b r i t t l e i ngo t of ca rbon i fe rous m o l y b d e n u m is o b t a i n e d . A . V a n d e n b e r g h e found 
0-28 p e r c e n t , of c a r b o n in t h e m o l y b d e n u m o b t a i n e d u n d e r t h e f o r m e r cond i t ions . 
T h e A m p e r e Gesel ischaf t o b t a i n e d m o l y b d e n u m b y m e l t i n g a m i x t u r e of c a l c i u m 
m o l y b d a t e , m o l y b d e n i t e , a n d c a r b o n . M. G u i c h a r d r e d u c e d m o l y b d e n i t e b y 
H . Moissan ' s process ; a n d C. L e h m e r , b y e lec t ro ly t i ca l ly h e a t i n g a m i x t u r e of 
m o l y b d e n i t e w i t h c a r b o n a n d ca l c ium ox ide : M o S 2 + 2 C a O + 2 C = : M o + 2 C a S + 2 C O . 
O. W . B r o w n r e d u c e d m o l y b d e n i t e b y c a r b o n a n d ca l c ium ox ide in a n e lect r ical ly 
h e a t e d fu rnace : M o S 2 + 2 C + 2 C a O = M o + 2 C a S + 2 C O . J . N . P r i n g a n d W . F ie ld ing 
r e d u c e d m o l y b d e n u m t e t r a - a n d p e n t a - c h l o r i d e s b y c a r b o n a t a t e m p , be low 1300° ; 
a b o v e t h a t t e m p . , c a r b i d e w a s fo rmed . J . E . L o u g h l i n o b t a i n e d a sma l l y ie ld of 
m o l y b d e n u m b y h e a t i n g for 12 h r s . a t a w h i t e - h e a t a m i x t u r e of m o l y b d e n u m 
t r i o x i d e w i t h I J t i m e s i t s w t . of potassium cyanide in a l u t e d porce la in crucible 
c o n t a i n e d in a l a rger c ruc ib le w i t h t h e i n t e r m e d i a t e space p a c k e d wi th an ima l 
cha rcoa l . 

W , M u t h m a n n a n d co -worke r s o b t a i n e d t h e m e t a l b y m e l t i n g in a n electr ic furnace 
a t a h i g h t e m p , a m i x t u r e of m o l y b d e n i t e , c a l c ium ox ide , in t h e m o l a r p r o p o r t i o n s 
3 : 4 a long w i t h ca l c ium fluoride as a flux. A . B . d u J a s s o n n e i x r e d u c e d m o l y b d e n u m 
ox ide w i t h boron in a m a g n e s i a c ruc ib le in a n e lec t r ic fu rnace ; a n d B . N e u m a n n 
h e a t e d e lec t r ica l ly a b a t h of a l u m i n a a n d l ime t o w h i c h w a s a d d e d m o l y b d e n u m 
t r i o x i d e a n d silicon. T h e p r o d u c t c o n t a i n e d a b o u t 2 p e r cen t , of sil icon a n d a l i t t le 
c a r b o n . L . K a h l e n b e r g a n d W . J . T r a u t m a n n s t u d i e d t h e r e d u c t i o n of t h e t r i ox ide 
a n d of m o l y b d a t e s b y si l icon. A . B u r g e r , H . K u z e l a n d E . W e d e k i n d , a n d E . W e d e -
k i n d a n d O. J o c h e m f o u n d t h a t m o l y b d e n u m t r i o x i d e in a n i r o n b o a t i n v a c u o is 
r e d u c e d b y t h e v a p o u r of calcium—the p r o d u c t o b t a i n e d b y t h e r e d u c t i o n of t h e 
ox ide w i t h ca lc ium, c o n t a i n e d 2 t o 3 pe r c e n t , of ca l c ium ; w i t h zinc a s r educ ing 
a g e n t , a l i t t l e i r on is u s u a l l y p r e s e n t . E . W e d e k i n d a n d O. J o c h e m found t h a t t h e 
m e t a l is p r o d u c e d in a p o w d e r e d fo rm. W . P r a n d t l a n d B . B leye r used a 
m i x t u r e of c a l c i u m a n d a l u m i n i u m ; a n d O. P . W a t t s a n d J . M. Breckenr idge , a n 
a l loy of ca lc ium, m a g n e s i u m , a n d a l u m i n i u m . A. S t a v e n h a g e n and co-workers , 
H . J . B r a u n , J . J . Boer icke , H . B i l t z a n d R . G a r t n e r , a n d H . L o h m a n n found t h a t 
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the aluminium thermite process can be used for the reduction of m o l y b d e n u m oxide. 
The m o s t common method for preparing mo lybdenum commercial ly is t o reduce 
molybdenum concentrate or molybdeni te w i th finely-divided aluminium. The 
meta l m a y contain 1 t o 2 per cent, of iron, and a small proportion of sil icon. 
A. Rosenheim and H. J. Braun obtained a good yield of metal , free from air-bubbles, 
by moderating the reaction b y t h e addit ion of a flux of 5 0 parts of calc ium fluoride 
for every 100 parts of m o l y b d e n u m trioxide and 38 parts of a luminium, and allowing 
the metal t o agglomerate by keeping the mass in a l iquid condit ion for some t ime 
after the reaction. W. Lederer said that owing to the react iv i ty of the molybdenum, 
the heating of the metal should not be prolonged more than is necessary. L*. Weiss 
and O. Aichel used Mischmetal as the reducing agent in place of a luminium. The 
metal of a high degree of purity was prepared b y C. Muller and W. Schubardt , b y 
heating the carbonyl. 

I n 1803, J . G. Gahn not iced the separation of mo lybdenum in the electrolysis 
of a soln. of a m m o n i u m molybdate—v ide infra, m o l y b d e n u m trioxide ; and in 
1815, J . G. Children obtained some molybdenum b y the electro-reduction of mo lyb­
denum trioxide ; M. Junot , b y the electrolysis of a soln. of m o l y b d e n u m trioxide 
in mol ten potass ium cyanide ; the Wolfram Lampen A. G., b y the electrolysis of 
soln. of say molybdenum hexachloride in an organic so lvent like acetone using a 
p lat inum or nickel cathode ; and J^. Ott , by the electrolysis of mo l t en molybdates 
mixed wi th mo lybdenum trioxide. H . Mennicke discussed the commercial pre­
paration of the metal . E . W . v o n Siemens and J. G. Halske deposi ted mo lybdenum 
from a bath of fused salt as in the case of tungsten (q.v.). A. Chilesotti did n o t 
succeed in depositing molybdenum from a soln. of the tr ioxide in hydrochloric 
or sulphuric acid. L. Andrieux obtained the metal b y the electrolysis of a soln. 
of the trioxide in a ba th of borate and fluoride. J. Li. Merrill and A. S. Russel l found 
that mercury is the most suitable cathode for the deposit ion of molybdenum, and the 
best current densit ies are 0 6 to 1*0 amp. per sq. cm. , and the best acidities, 1-2 t o 
1-4JV-H2SO4 ; the t ime required for the deposit ion of a gram of molybdenum from a 
soln. of sodium molybdate is then about 50 min. , and the t ime is not shortened b y the 
use of a rotating cathode. J . Fer^e, A. S. Russel l and S. W. Rowel l , and R. E . Myers 
also used a mercury cathode. R. IC. Pearson and E . N . Craig reduced m o l y b d e n u m 
oxide or hydrated oxide b y making it in to a paste w i th sulphuric acid, and intro­
ducing the mixture into a porous po t surrounding a cathode consist ing of a bundle 
of nickel-chromium alloy rods. The anode of the cell consists of a lead plate embedded 
in a mass of scrap molybdenum (or other easi ly oxidizable material) contained 
in a porous pot . On passing a direct current through the cell and agitat ing the 
paste surrounding the cathode, the oxide contained therein is reduced t o a lower 
oxide from which, b y suitable washing, impurit ies such as iron, calcium, and sodium 
salts m a y be more readily removed than from the original trioxide. A t the same 
t ime, the waste meta l surrounding the anode is oxidized to trioxide, which is used 
to make further quantit ies of the reduced oxide. The latter, after washing and 
drying, is reduced t o a metall ic powder b y heating in a current of hydrogen in 
known manner. L. St . C. Broughall e lectrolyzed a soln. of a m o l y b d e n u m salt 
in liquid ammonia at a low temp, or under press. C. Lehmer obtained ferromolyb-
denum, chromomolybdenum, n icke lmolybdenum, manganomolybdenum, and cupro-
molybdenum b y electrolytically heat ing a mixture of the respective meta l oxide 
wi th mo lybdenum sulphide, calc ium oxide, and carbon. L. Andrieux obtained 
molybdenum b y the electrolysis of fused borates. Electrolyt ic processes for 
the preparation of m o l y b d e n u m were described b y R. E . Pearson and E . N . Craig, 
The preparation of ferro-molybdenum a t the works of the Molybdenite Co. a t 
Orillia, Ontario, Canada, was described b y B . C. Lamble : 

A wrought-iron jacket, fitted to a cast-iron base, is connected, with one terminal of 
the electric supply. Inside the iron jacket a cubical crucible, with a tap-hole in the bottom, 
is built up -with carbon blocks, the space between the crucible and the jacket being filled 
with magnesia bricks. The second electrode consists of a 10-inch graphite rod, held by 
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a water-cooled h e a d over t h e centre of t h e furnace. T h e power u s e d is 4000 amperes a t 
5O v o l t s . T h e sme l t ing m i x t u r e cons is ts of 7O per cent , m o l y b d e n i t e concentrate and 
3O per cent , pyr i te , whi l e coke is the reducing agent a n d l ime a n d si l ica are used as fluxes. 
T h e ferro-molybdenum produced h a s approx imate ly t h e fo l lowing compos i t ion : 
M o l y b d e n u m , 71-0 ; carbon, 3*66 ; sulphur, 0*08 ; phosphorus , 0-03 ; si l ica, 1-35 ; iron, 
23*8 per cent . A b o u t 8O per cent , of t h e m o l y b d e n u m i n t h e charge is recovered in t h e 
a l loy "with a power c o n s u m p t i o n of 6 t o 7 k i lowatt -hours per lb . of a l loy. T h e remainder 
of t h e m o l y b d e n u m is recovered as d u s t or b y w e t dressing of t h e s lag. S o m e analyses 
were also reported b y A . W . J u d g e . 

E . K . J e n c k e s d i scussed t h e p r e p a r a t i o n of ox ides a n d sa l t s of a h i g h degree of 
p u r i t y for t h e p u r p o s e of p r e p a r i n g t h e m e t a l for e lec t r ic l a m p s . J . F e r e e o b t a i n e d 
m o l y b d e n u m b y d is t i l l ing i n v a c u o m e r c u r y f rom t h e a m a l g a m o b t a i n e d b y t h e 
e lec t ro lys is of a h y d r o c h l o r i c ac id soln . of m o l y b d i c ac id us ing a m e r c u r y c a t h o d e . 
T h e B a d i s c h e Ani l in - u n d S o d a f a b r i k o b t a i n e d t h e m e t a l b y h e a t i n g t h e n i t r i d e in 
v a c u o . T h e n i t r i d e w a s o b t a i n e d b y h e a t i n g m o l y b d e n u m oxide , or a m i x t u r e of 
t h e ox ide a n d t h e m e t a l a t 500° t o 600° , in a n a t m . of a m i x t u r e of e q u a l p a r t s of 
h y d r o g e n a n d n i t r o g e n a t 60 a t m . p res s . 

T h e h e a t e d m e t a l is v e r y r e a c t i v e a n d is v e r y suscep t ib le t o c o n t a m i n a t i o n 
f rom t h e c o n t a i n i n g vessel , t h e r e d u c i n g a g e n t , t h e fu rnace gases , a n d , in t h e e lec t ro­
ly t i c p rocess , f rom t h e m a t e r i a l of t h e e l ec t rodes . W . Lede re r , a n d K . Wolf dis­
cussed t h e pur i f ica t ion of sma l l q u a n t i t i e s of t h e m e t a l c o n t a i n i n g , say , 3 p e r cen t , 
of i ron , a l u m i n i u m , sil icon, c a r b o n , a n d o x y g e n . T h e m e t a l is p ressed i n t o a penci l 
wh ich is t h e n h e a t e d e lec t r ica l ly in h y d r o g e n . T h e penc i l is t h e n u s e d as a n e lec t rode 
in a v a c u u m furnace—cf. 8 . 3 1 , 4 , F i g . 1. 

Acco rd ing t o C. G. F i n k , 6 duct i le m o l y b d e n u m c a n b e p r e p a r e d b y m e t h o d s 
a n a l o g o u s t o t h o s e u s e d for duc t i l e t u n g s t e n , a n d d i scussed b y O. Ruff, N . Li. Miiller, 
a n d W . D . Cool idge. P . Schwarzkop f a n d S. B u r g s t a l l e r p re s sed rods f rom t h e 
p o w d e r e d ox ide , a n d h e a t e d t h e m t o HOO°—1150° in a c u r r e n t of h y d r o g e n , a n d 
t h e n h e a t e d t h e m e lec t r ica l ly t o 26000—270O0 in a c u r r e n t of h y d r o g e n . T h e 
r e su l t i ng r o d s of m o l y b d e n u m a r e duc t i l e a n d c a n b e b e n t i n t o r ings a t a r e d - h e a t . 
Accord ing t o O. Ruff, t h e d u c t i l e m e t a l is p r e p a r e d as follows : 

M o l y b d e n u m tr ioxide is purified b y reduct ion a t 1000° i n a current of hydrogen and 
s t e a m t o t h e d iox ide , w h i c h is t h e n h e a t e d in chlorine, t h e oxychlor ide be ing subl imed and 
transferred t o hydrochloric acid, w h e n pure m o l y b d e n u m tr iox ide is prec ip i tated . The 
prec ipi tate i s w a s h e d , dried, a n d ign i ted a t 1200°, w h e n considerable shrinkage takes 
place. The f inely-powdered product is t h e n reduced in h y d r o g e n a t 1250°, nickel boats 
being u s e d i n a j^orcelain t u b e . T h e crystal l ine m e t a l i s compressed i n t o t h e form of rods 
under a b o u t 5000 a t m . press . , a n d t h e britt le rods are rendered stronger b y heat ing in 
hydrogen a t 1300°. T h e presence of 0*05 per cent , of carbon i s favourable . The final 
s intering t a k e s place b y electrical hea t ing a t a t e m p , of 2620°—2650°. T h e m o l y b d e n u m 
contracts b y a b o u t 14 per cent . T h e s intered rods are sti l l qu i te britt le , a n d h a v e t o be 
rendered mal leable a n d duct i le b y h a m m e r i n g a t 1250° in a n a t m . of hydrogen . A special 
apparatus for t h e h a m m e r i n g i s described. T h e h a m m e r e d rods are t h e n drawn a t 400°—600° 
t o t h e required s ize through d i a m o n d dies . T h e th in wires finally obta ined are perfect ly 
flexible, a n d m a y be d r a w n cold. T h e worked meta l i s s i lver-white , a n d does n o t oxidize 
apprec iably be low a red-heat . 

J". F e r e e 7 f o u n d t h a t t h e m e t a l p r e p a r e d b y dis t i l l ing t h e a m a l g a m in v a c u o is 
p y r o p h o r i c . A su i t ab l e r e d u c i n g a g e n t for t h e p r e p a r a t i o n of co l lo idal m o l y b d e n u m 
f rom i t s sa l t s h a s n o t b e e n o b t a i n e d . T . S v e d b e r g o b t a i n e d i t b y t h e e lect r ica l 
d ispers ion process—vide g o l d — a s a n isohutylalcosol wh ich is b r o w n i s h - b l a c k b y 
t r a n s m i t t e d l igh t , a n d b l a c k b y ref lected l igh t . H . Ki ize l o b t a i n e d t h e colloidal 
m e t a l b y g r ind ing or b y c a t h o d i c d i s in t eg ra t ion—v ide c h r o m i u m . E . W e d e k i n d 
a n d co-workers f o u n d t h a t if p o w d e r e d m o l y b d e n u m , o b t a i n e d b y r e d u c i n g t h e di-
o r t r i -ox ide b y h e a t i n g i t w i t h z inc , b e w a s h e d in t h e absence of a i r successively 
w i t h w a r m alcohol a n d w a r m w a t e r , t h e n t r e a t e d w i t h di l . hyd roch lo r i c ac id , a n d 
success ive q u a n t i t i e s of w a t e r a d d e d t o i t on a Alter, a n ac id soln. first passes t h r o u g h , 
b u t l a t e r , a n e u t r a l col lo idal so ln . of t h e m e t a l is o b t a i n e d . W h e n t h e p r e c i p i t a t e d 
m e t a l n o longe r y ie lds a col loid on w a s h i n g , t h i s p r o p e r t y can be r e - i m p a r t e d 
t o i t b y r e n e w e d t r e a t m e n t w i t h ac id . T h e pa r t i c l e s of t h e r e su l t i ng hydroso l , 
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-which keeps 'well if air is excluded, are negatively charged. They are immediately 
coagulated by alkaline electrolytes and more slowly by neutral electrolytes, but are 
comparatively resistant to hydrogen ions. L. Hamburger studied the properties 
of thin films. 
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§ 4. The Physical Properties of Molybdenum 
T h e ea r ly p r e p a r a t i o n s of m o l y b d e n u m were v e r y i m p u r e , a n d t h e desc r ip t ion 

of t h e phys i ca l p r o p e r t i e s of t h e s e s a m p l e s d o n o t a l w a y s acco rd w i t h l a t e r obse rva ­
t ions . J . J . Berze l ius * desc r ibed i t as a g rey i sh -whi t e m e t a l ; C. F . B u c h o l z sa id 
t h a t i t is s i lvery w h i t e ; a n d Ju. Weiss a n d O. Aichel , t h a t i t is s i lvery wh i t e w i t h a 
c rys ta l l ine f r ac tu r e . T h e h a m m e r e d a n d d r a w n m e t a l is fibrous. A . W . H u l l 
f ound t h a t t h e X - r a d i o g r a m of m o l y b d e n u m cor responds w i t h a b o d y - c e n t r e d cubic 
l a t t i ce w i t h s ides 3-143 A . T . F u j i w a r a, E . C. B a i n , E . S c h m i d , A . E . v a n Arke l , 
P . Stol l , W . P . D a v e y , W . H u m e - R o t h e r y , a n d K . Wei s senbe rg m a d e obse rva t i ons 
o n t h i s sub jec t . J . H e n g s t e n b e r g a n d H . M a r k s t u d i e d t h e effect of m e c h a n i c a l 
w o r k o n t h e X - r a d i o g r a m ; a n d S. T. K o n o b e j e v s k y , a n d M. E t t i s c h a n d co-workers , 
t h e s t r u c t u r e of h a r d - d r a w n wires . T h e y found t h a t t h e c rys ta l l i t e s a r e regu la r ly 
a r r a n g e d , w h e r e a s in soft wi res t h e c rys ta l l i t e s a r e i r r egu la r ly a r r a n g e d . Z. Jeffries 
a n d R . S. Arche r g a v e 900° for t h e lowes t t e m p , of r ec rys ta l l i za t ion . T . F u j i war a 
f o u n d t h a t t h e a r r a n g e m e n t of t h e f ibrous s t r u c t u r e of a h a r d - d r a w n m o l y b d e n u m 
wire w i t h r e s p e c t t o t h e ax i s of t h e wire i s - r e t a ined af te r bend ing . 

F o r t h e p o w d e r e d m e t a l t h e o lder worke r s found v a l u e s a p p r o x i m a t i n g 8-6 for 
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t h e specific g r a v i t y — P . J . H j e l m g a v e 7-75 for t h e sp . gr . ; H . D e b r a y , 8-6 ; 
C. F . Bucholz , 8*62 , a n d J . E . L o u g h l i n , 8-56. !Later obse rve r s found for t h e 
mass ive m e t a l va lue s a p p r o x i m a t i n g 10 ; t h u s , H . Moissan, a n d A. B . d u J a s s o n n e i x 
obse rved 9-01 ; K . Wolf, 8-95 a t 17 0 / 4 0 ( impure) ; T. B a r r a t t a n d R . M. W i n t e r , 
9-933 ; W . Lede re r , 10-2 a t 17-5/4° ; a n d C. G. F i n k g a v e 10-02 for t h e h a m m e r e d 
b u t n o t d r a w n m e t a l ; 10-04 for t h e m e t a l d r a w n t o a d i a m e t e r of 3-75 m m . ; 10-29, 
w h e n d r a w n t o a d i a m e t e r of 0-25 m m . ; a n d 10-32, w h e n d r a w n t o a d i a m e t e r of 
0-038 m m . E . D o n a t h a n d J . Mayrhofe r g a v e 11-5 for t h e a t . vol . ; a n d W . Lede re r , 
9-4. M. I i . H u g g i n s g a v e 1-54 A. for t h e ion ic rad iu s ; L . Vega rd , 1-03 A . ; a n d 
H . G. G r i m m , 0-72 A. T h e sub jec t was s t u d i e d b y J . C. S la te r , A. M. B e r k e n h e i m , 
V . M. G o l d s c h m i d t , Li. P a u l i n g , a n d E . T. W h e r r y . T h e r e su l t s s h o w t h a t for 
s e x i v a l e n t m o l y b d e n u m a t o m s , t h e effective a t . r a d i u s is 0-62 A. , for q u a d r i v a l e n t 
a t o m s , 0-66 t o 0-83 A. , a n d for t yp i ca l m o l y b d e n u m a t o m s , 1-36 A . I . T r a u b e 
i n v e s t i g a t e d t h e a t . soln . vo l . ; a n d P . Vinassa , t h e mol . n u m b e r . 

J . J . Berze l ius sa id t h a t t h e m e t a l is h a r d e r t h a n t o p a z ; H . Moissan, a n d A. B . du 
J a s s o n n e i x , t h a t i t does n o t s c r a t ch glass or q u a r t z ; a n d J . R , R y d b e r g g a v e 8-5 for 
t h e !hardness on Mohs ' scale. E . W . Eng le gave 147 for t h e h a r d n e s s of m o l y b d e n u m 
o n Br ine lFs scale. Accord ing t o H . Moissan, A. B . d u J a s s o n n e i x , a n d F . W o h l e r , 
m o l y b d e n u m can be filed, a n d , w h e n ho t , i t c an be f o r g e d — h a m m e r e d a n d rol led. 
C. G. F i n k found t h e tensi le s trength of wires 0-125 m m . d i a m e t e r t o b e 140 t o 18O 

F i a . 2 .—Tensi le Strength JPia. 3 .—Elongation, of F i a . 4 . — R e d u c t i o n of 
of Molybdenum, Molybdenum. " Area of M o l y b d e n u m . 

k g r m s . p e r sq. m m . ; wires O 0 7 m m . d i a m e t e r , 161 t o 189 k g r m s . p e r sq . m m . ; a n d 
wires O 0 3 8 m m . , 189 t o 217 k g r m s . pe r sq. m m . W . P . S y k e s m e a s u r e d t h e tens i le 
s t r e n g t h of m o l y b d e n u m wires af ter different h e a t t r e a t m e n t s . N o . 1 w a s swaged 
a n d d r a w n h o t (1000°-1300°) from a d i a m e t e r of 0-125 t o 0-025 in . ; N o . 2 w a s 
s imi la r ly t r e a t e d a t 800° ; N o . 3 was swaged a n d d r a w n h o t (1000 0 -1300°) f rom 
0-045 t o 0-025 in . ; N o . 4 w a s s imilar ly t r e a t e d a t 800° ; N o . 5 w a s a n n e a l e d t o g ive 
m e d i u m gra in size ; N o . 6 was a n n e a l e d t o g ive smal l g ra in size ; a n d N o . 7, a n n e a l e d 
t o give la rge g ra in size. T h e tens i le s t r e n g t h s in l b s . p e r sq. in . a r e s h o w n in F i g . 2 ; 
t h e p e r c e n t a g e e longa t ion p e r 2 in . , in F i g . 3 ; a n d t h e p e r c e n t a g e r e d u c t i o n i n a r e a , 
in F i g . 4 . These obse rva t ions were d iscussed b y Z. Jeffries a n d R . S. A r c h e r . 
P . Loidwik s t u d i e d t h e effect* of t e m p . T . F u j i w a r a f o u n d t h a t t h e tens i le s t r e n g t h 
of m o l y b d e n u m is 20 pe r cen t , g r e a t e r w h e n t h e t ens ion is app l i ed in a d i r ec t ion 
para l l e l t o t h a t of rol l ing t h a n i t is w h e n t h e t ens ion is a p p l i e d a t a n angle of 45° 
or 90° t o t h e d i rec t ion of rol l ing : 

Direct ion of roll ing 0° 22-5° 45° 67-5° 90° 
Tensi le s trength 113-9 101-2 94-8 97-O 92-8 kgrms . per s q . m m . 

J . K o n i g s b e r g e r g a v e 250 t o 270 k g r m s . p e r sq . m m . for t h e tens i le s t r e n g t h of 
m o l y b d e n u m wires , a n d 125 k g r m s . p e r sq . m m . for single c r y s t a l wi res . T h e 
tors ion m o d u l u s w a s found t o be 1 3 - 5 X l O 1 1 t o 1 5 X l O 1 1 C.G.S. u n i t s ; a n d for 
s ingle c ry s t a l wires , 1 8 X l O 1 1 C.G.S. u n i t s . A . I i . K i m b a l l a n d D . B . Love l l f o u n d 
t h e e las t ic m o d u l u s , E9 of swaged m o l y b d e n u m t o b e 34*6 X l O 1 1 d y n e s p e r sq . c m . 
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T h e y also m e a s u r e d t h e i n t e r n a l fr ict ion. W . W i d d e r g a v e £J=£!Z0{1—00004032-
(0—20)}. E . E d w a r d s a n d co-workers e x a m i n e d t h e increase in t o r s iona l stiffness 
p r o d u c e d b y inc reas ing t h e t en s ion of m o l y b d e n u m wires . G. G r u b e a n d F . L iebe r -
w i r t h , a n d J . La i s sus s t u d i e d t h e diffusion of m o l y b d e n u m i n t o i ron . A c c o r d i n g t o 
T. W . R i c h a r d s a n d E . P . B a r t l e t t , t h e compressibi l i ty is 0-47 X 10~~* a t 20° for one 
m e g a b a r a t 20° , a t p r e s s , b e t w e e n 100 a n d 500 m e g a b a r s . P . W . B r i d g m a n f o u n d 
t h e compress ib i l i ty , /3, of s w a g e d r o d a t 30° t o b e 8v/v= —10~~7(3-47— l-2p)p, a n d 
a t 75°, —10—7(3.48 — l-2p)p ; a n d for d r a w n wire a t 30°, 8v/v= —10-7(3-61— l-0p)p, 
a n d a t 75°, —10~~7(3-62—1 -0p)p, for p k g r m s . p e r sq . c m . w i t h p b e t w e e n 1 a n d 12,00O. 
F o r d r a w n wire a n d s w a g e d r o d r e spec t ive ly a t 30° , / ? = 0 - 0 6 3 6 1 a n d 0-06347 ; 
8 £ / £ 8 p = 0 - 0 5 5 8 a n d 0 0 5 7 2 ; —Stx /aSp=0-0 5 2 a n d 0-052 ; a n d £ 0 — l ( 8 a / a 6 > ) = 5 - 5 4 
a n d 5-76, where a d e n o t e s t h e coefi. of t h e r m a l e x p a n s i o n . L . H . A d a m s g a v e 
8/?=—0*02. P . W . B r i d g m a n s t u d i e d t h e effect of p re s su re on t h e r ig id i ty . 

C. G. F i n k found a = 0 - 0 B 3 6 for t h e eoeff. of thermal expans ion b e t w e e n 20° 
a n d 100°, a n d B . B e c k m a n , a , = 0 - 0 5 5 6 . T h e t h e r m a l e x p a n s i o n of a n excep t iona l ly 
p u r e s a m p l e of m o l y b d e n u m w a s found b y L . W . S c h a d a n d P . H i d n e r t t o be repre ­
sen t ed b y t h e e x p r e s s i o n : L e n g t h a t 0° , Z = Z 0 ( I + 5 - 1 5 0 X lO-«+O-OO57O02 X 1 0 - « ) 
for 0° b e t w e e n — 1 4 2 ° a n d 19° ; a n d b e t w e e n 19° a n d 305° , l e n g t h a t 0° is 
Z=Z0(I + 5 - 0 1 0 X 1 0 ~ 6 + 0 - 0 0 1 3 8 0 2 X 10~ 6) w i t h a p r o b a b l e e r ro r less t h a n 3 X 1 0 ~ 6 pe r 
u n i t l e n g t h . P . H i d n e r t a n d W . B . Oero g a v e for t h e m e a n coeff. of l inear expans ion , 
a = 0 - 0 6 4 9 b e t w e e n 25° a n d 100° ; a n d 0-0 555 b e t w e e n 25° a n d 500° . If Z0 deno te s 
t h e l e n g t h a t 300° K . , a n d Z, t h e l e n g t h a t T° K . , W . W i d d e r g a v e 0 - 0 5 5 4 9 a t 20° a n d 
0-05416 a t 190° for t h e coeff. of t h e r m a l e x p a n s i o n . A. G. W o r t h i n g r e p r e s e n t e d 
t h e m e a s u r e m e n t s b y Z/Z 2 —0-0 2 500(T—300)+0-0 8 105(T—30O) 2 . C. Zwikker found 
for t h e l i nea r e x p a n s i o n Z/Z0, 1-00623 a t 1440° ; 1-00760 a t 1648° ; 1-00920 a t 1855° ; 
a n d 1-0111 a t 2059° . A c c o r d i n g t o E . P o d s z u s , wires of m o l y b d e n u m or of 
m o l y b d e n u m - t u n g s t e n a l loy m a y b e sea led g a s - t i g h t i n t o v i t r e o u s q u a r t z b y t h e a id 
of t h e flux : silica 10, a l u m i n a 1, bor ic ox ide 1, a n d o r thoc lase 2 . J . Disch g a v e 
for t h e e x p a n s i o n of m o l y b d e n u m wires in m m . p e r l i t r e b e t w e e n 0° a n d 0° : 

—100° —78° 0 0 0 ° 100° 200° 300° 400° 
E x p a n s i o n . —0-79 —0-375 OOO 0-52 1-07 1-64 2-24 m m . 

T. B a r r a t t a n d R . M. W i n t e r g a v e for t h e t h e r m a l conduct iv i ty of m o l y b d e n u m 
0-346 cal . pe r sec. p e r degree a t 17°, a n d 0-333 cal . a t 100° . O- Z w i k k e r g a v e for 
t h e t h e r m a l c o n d u c t i v i t y Tc in -watts p e r c m . p e r degree : 

1234° 1440° 1648° 1855° 2059° 2259° 2460° 
k . . 0-98 1OO 1 0 2 1-05 1*11 1 1 7 1-24 

J . D e w a r g a v e 0-0141 for t h e specific h e a t b e t w e e n —253° a n d —196°, a n d 1-35 
for t h e a t o m i c l i ea t ; P . N o r d m e y e r o b t a i n e d t o o h igh a v a l u e 0*062 be tween 
— 188° a n d 20°, for T. W . R i c h a r d s a n d F . G. J a c k s o n o b t a i n e d 0-0555 for t h e sp . h t . 
a n d 5-33 for t h e a t . h t . ; A . d e la R i v e a n d F . Marce t o b t a i n e d respec t ive ly 0-0659, 
a n d 6-33 b e t w e e n 5° a n d 15° ; H . V. R e g n a u l t , r e spec t ive ly 0-0722 a n d 6-93 b e t w e e n 
0° a n d 100° ; W . L e d e r e r o b t a i n e d t h e un l ike ly v a l u e 0-0461 b e t w e e n 17° a n d 100° ; 
whi l s t for a m e t a l w i t h o n l y 0-22 p e r cen t , i m p u r i t y , F . Defacqz a n d M. G u i c h a r d 
o b t a i n e d re spec t ive ly 0-0723 a n d 6-94 b e t w e e n 15° a n d 91° ; 0-0735 a n d 7-06 
b e t w e e n 15° a n d 264° ; a n d 0-0740 a n d 7-10 b e t w e e n 15° a n d 440° ; N . S tucke r , 
0-0647 a n d 6-21 b e t w e e n 20° a n d 100°, a n d 0-0722 a n d 6-93 b e t w e e n 20° a n d 550° ; 
a n d P . N o r d m e y e r a n d A. L . Bernoul l i , 0-063 b e t w e e n 0° a n d —185° ; N . S t u c k e r 
g a v e for t h e t r u e s p . h t . 

60° 125° 225° 325° 425° 525° 
c . . 0 0 6 4 6 8 0 0 7 0 7 G 0 0 6 9 1 2 0-06907 0-08206 OG8121 

c=0-0708— 0-000052(0— 125)+O-O64(0 —125)
2, between 125° and 225°; ^-=0-0707 

—0-000027(0—125)-J-O-O6I (0—125)
2, between 125° and 325°; c=0-0697 

—0000113(0—325)-|-O-O6l(0—325)2, between 325° and 425°; c=0-0697 
+0-000190(0-325)—O-O67(0 — 325)

2, between 325° and 525; c=0-0708 
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—0-000037(0—125)°—O-O63(0—125), between 125° and 525°; and c-=0-0647 
+0-000094(0 —60), between 60° and 125°. T. E. Stern gave c=006054 between 
0° and 108°; 0-06333 between 0° and 441-5°; and C^=0-05973+0-000016190, at 
temp. 0 between 0° and 441*5°. D. Cooper and G. O. fjangstroth gave : 

—40° 0° 25° 50° 100° 150p 200° 250° 
Sp . ht . . 0 0 5 6 4 0 0 5 8 9 0-0697 0 0 6 0 9 0 0 6 1 2 0-0616 0-0624 0 0 6 3 2 

and the results are plotted in Fig. 5 ; the at . ht . was represented by Cf
v=0-0593 

+O-O413(0+4O)— 0-0265(0+4O)-1*06. F . Wiist and oo-workers found C ^ = 6 - l l 
a t 100°, and 7-80 a t 900°. H . A. Jones gave c=0-0578+0-0000257T ; and C. C. van 
Voorhis, c=0-06O6+O-0O0O28T. F . Simon and W. Zeidler gave CP=Z)(379T—1) 
+0-04263T^ ; and for C9 between 16° K. and 24° K., CV=0-0785T3 ; they also 
gave the following values for at . ht . of molybdenum : 

T° K. 
Cp 
Vv 

. 15-97° 
0 0 4 0 
O-04O 

20*66° 
0-073 
0 0 7 3 

31*52° 
0*264 
0-264 

560° 
1-230 
1-230 

105-6° 
3-380 
3-374 

144-6° 
4-38 
4-37 

200-2° 
5 0 9 
5-06 

274-7° 
5-53 
5-49 

H. A. Jones and co-workers gave C^=4-88+0-00248T. J. Maydel discussed some 
relations of the sp. ht. ; and E. D. Eastman and co-workers, the thermal energy of 

the electrons in molybdenum, and computed 
^ °mass\ZJPFl—I—I—TTH O1,-Cr=0-047 CaI. per degree per mol. 
A * ^ M I 1 1 1 1 1 1 R - C - Smith gave 800° for the sintering temp, of 

0^-IO0O0 409&~m~&0*20cr2f0*28O* molybdenum filings. According to H. von Warten-
berg, the melting point of pure molybdenum is 

FlG;rat^Theoif ^the °S Trifle 2 5 5 0 ° w h e n t h a t o f platinum is 1745°. C. W. Waid-
^ert^TMoK-bdenum.^01 ° n e r a n d Q - K - Burgess, and W. R. Mott gave 

2500° ; M. Pirani, 2450° ; M. von Pirani and 
A. R. Meyer, 2450° ; A. G. Worthing, 2622°±10° ; E. Siedschlag, 2530° ; and M. von 
Pirani and H. Alterthum, 2840°+ 40°. For a commercial sample, O. Ruff and 
0. Goecke gave 2110°. H. Moissan distilled the metal in an electric arc furnace ; and 
W. R. Mott estimated the boiling point of the metal to be 4700° ; I. Langmuir calcu­
lated 3617°. C. Zwikker gave 4780° K. for the sublimation temp, at 1 atm. press. 
1. Xiangmuir measured the rate of evaporation from hot filaments, and W. H. Rode-
bush observed the value of A in the equation for the number of electrons evaporating 
from a metal filament, n—AT — te~blT per sq. cm. per second, to be 1*32 X 1026 ; 
the calculated result at 2000° K. is 5*50XlO26. I. Langmuir represented the 
rate of evaporation m grms. per sq. cm. per sec. to be log m~ 17-11—38600T-1 

—1-76 log T9 or 

T° K. . 
m x IO6 . 

1994° 
. 0-00766 

2040° 
00305 

2121° 
O-124 

2287° 
1-74 

2326° 
3-65 

2373 
8-47 

and C. Zwikker, log m——33800T~1+8-24 grms. per sq. cm. per sec. The subject 
was discussed by F. J. WiJkins, and H. A. Jones and co-workers. For the vapour 
pressure, p mm., I. Langmuir gave log ^=17-354— 38600T-* —1-26 log T9 or 

T* K. . . 1800° 2000° 2500° 2800° 3890° 
P - - 6-43x10— • 789x10—» 43-OxlO~ • 1679x10—* 760 

C. Zwikker gave log p=338CKXZ7~i + 10-16 mm. ; and J. A. M. van Iaempt, log p 
= —37710T-1+9-90, and 43-53 to 44-96 for Trouton's constant. W. Herz 
estimated that the heat of fusion lies between 1000 and 5000 cals. I. !Langmuir 
gave for the latent heat of vaporization 177,000—2-5T ; and for the chemical 
constant, 4-4. W. Zeidler gave 170,400 cals. for the heat of vaporization, and 4-07 
for the chemical constant. G. N. Lewis and co-workers, and E. D. Eastman gave 
7-5 for the at. entropy of molybdenum at 25° ; W. Herz, 12*66 ; R. C. Tolrnan, 
56*4 at 25° ; and B. Bruzs, 23-0 at the m.p. R. D, Kleeman discussed the internal 
energy of molybdenum ; and W. Herz, the entropy. M. Delepine gave for the heat 
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Ot oxidation, Mo-f-30=Mo03+166-14: CaIs. at constant vol., and 167 CaIs. at 
constant press. W. Lederer gave 168-576 CaIs. ; J. E. Moose and S. W. Parr, 1829 
CaIs. per gram ; and W. G. Mixter, 181*5 CaIs. for the oxidation of the metal by 
sodium dioxide. 

W. W. Coblentz 2 observed the percentage reflecting power, R9 for light of wave­
length A to be : 

A 
fX . 

O* 4 0 
4 4 0 

0 -7 
49*8 

1 0 
5S-2 

1-4 
69-O 

2-0 
81-6 

4*0 
90-5 

6 0 
9 3 0 

1 0 
94-5 

1-2 
95-2 

G. Jaffe calculated theoretical values for these constants. W. W. Coblentz said that 
the reflectivity curves of molybdenum and tungsten are so nearly alike that from a 
consideration of their emissivities and luminous efficiencies there seems to be 
no great choice in the use of these two metals in incandescent lamps. On the 
other hand, from a consideration of their physical properties, the molybdenum 
filament would be preferable because of its toughness and its ductibility, in 
contrast with tungsten which is very brittle. Their m.p. are high, and it is princi­
pally a question of overcoming certain physical weaknesses in the molybdenum in 
order to make it practical. A. G. Worthing gave for the spectral emissivity, e, of 
molybdenum for wave-lengths 0665/u, and 0-475/x, from 273° K. to the m.p., 2895° 
K. ; for the average visible emissivity, ev ; the colour emissivity, ec ; and the total 
emissivity, et, 

T° K . 
/ 0-665/x 

e \ 0 -475^ 
ev 
ec 
ct 

273° 
0-420 
0-425 

— 

.— 

400° 
0-415 
0-421 

— 
. .._ 

800° 
0-398 
0-409 

— 
— 
-----

1200° 
0-390 
O-403 
0-393 
0-361 
0-096 

1600° 
0-367 
0*388 
0-373 
0-321 
0 1 6 8 

2000° 
0-353 
0*279 
0*362 
0-297 
0-210 

2400° 
0*341 
0-371 
0*352 
0-277 
0-248 

2895° 
0-328 
0-363 
0-342 
0-255 
0-29O 

The values for the spectral emissivity at room temp, for 0-665/u, and 0-475/x, are 
respectively 0*580 and 0*576. The subject was studied by C. Zwikker, C. Davisson 
and L. H. Germer, R. L. Petry, E. Patai, and S. JDushman and co-workers-—vide 
tungsten. A. G. Worthing found for the brightness temp., T^ for wave-lengths 
0-665ft ; the colour temp., Tc ; and the radiation temp., Tv : 

Z 7 0 K . 
Tb 
Tc 
Tv 

1000° 1400° 1800° 2200° 2600° 2895° 
958° 1316° 1658° 1986° 2297° 2519° 

1004° 1411° 1823° 2244° 2672° 2997° 
557° 864° 1187° 1523° 1866° 2122° 

The normal brightness, 3 candles per sq. cm. ; the radiation intensity, 77 watts per 
sq. cm. ; and the luminous efficiency in lumens per watt, are : 

T 0 K . . . 1000° 1400° 1800° 2200° 2600° 2895° 
B . OOOOIO O-089 4*13 48*5 270 730 

I 
0*55 3 1 8 11*3 30*7 69*5 116 

fficiency . 0-093 1*22 5*28 13-0 

E. S. Lamar and W. E. Deming studied the distribution of temp, in a heated 
filament. S. C Roy, M. J. Martin, and A. T. Watermann studied the variation of the 
thermionic emission with temp. ; A. W. Hull and J. M. Hyatt, J. M. Hyatt and 
H. A. Smith, E. Meyer, and H. B. Wahlin, the secondary emission of electrons ; 
W. J. Jackson, the emission of electrons by bombardment with positive ions ; 
R. L. Petry, the critical potential for the emission of secondary electrons ; E. Meyer 
and L. P. Smith, the emission of positive ions ; T. Soller, and L. J'. Haworth, the 
velocity of the secondary electrons ; H. R. Kiehl and co-workers, W. R. Ham and 
M. W, White, the emission of electrons from a molybdenum target ; and the radia­
tion, by A. Lt. Helfgott ; the reflection of electrons from molybdenum was studied 
by W. R. Ham ; the diffraction of electrons, by E. Rupp ; the liberation of electrons 
by positive ions, by M. L. E. Oliphant ; and the heat of condensation of electrons 
and positive ions on molybdenum, by C. C. van Voorhis and K. T. Compton. The 
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cold e lec t ron ic d i scharge f rom m o l y b d e n u m w a s i n v e s t i g a t e d b y R . J . P ie rso l ; t h e 
h e a t s of c o n d e n s a t i o n of e lec t rons a n d pos i t i ve ions , b y C. C. v a n Voorh i s ; t h e 
pho toe l ec t r i c effect, b y H . K l u m b ; t h e e l ec t ron t h e o r y of t h e r m i o n i c emiss ion, b y 
R . H . !Fowler ; e lec t ron ic coll isions, b y M. P i r a n i a n d H . S c h o n b o r n . 

R . B u n s e n , 3 G. Merz, a n d C. F . P l a t t n e r d iscussed t h e flame r e a c t i o n s of m o l y b ­
d e n u m c o m p o u n d s . T h e colourless b lowpipe flame is co loured greenish-ye l low. 
R . T . S immle r found t h a t m o l y b d i c ox ide , in t h e colourless g a s flame, g ives a con­
t i n u o u s flame spec trum. W . N . H a r t l e y a n d H . R a m a g e s t u d i e d t h e b a n d e d 
s p e c t r u m in t h e o x y - h y d r o g e n flame. T h e spark sp ec t ru m w a s i n v e s t i g a t e d b y 
W . A. Miller, R . Tha l en , J . N . Liockyer, E . D e m a r c a y , F . E x n e r a n d E . H a s c h e k , 
M. E p p l e y , C. W e i g a n d , M. A. Ca t a l an , E . O. H u l b u r t , R . J . L a n g , H . N a g a o k a a n d 
co-workers , O. Lohse , A. H a g e n b a c h a n d H . K o n e n , A. G. Gr. L e o n a r d , a n d 
J . F o r m a n e k . T h e pr inc ipa l l ines a re 6030, 5888, a n d 5857 in t h e orange-ye l low ; 
5792 a n d 5751 in t h e yel low ; 5688 i n t h e ye l lowish-green ; 5570, 5532, a n d 5506 
in t h e g reen ; a n d 4278 in t h e ind igo-b lue . E . O. H u l b u r t s t u d i e d t h e s p e c t r u m of 
t h e c o n d e n s e d s p a r k in soln. of t h e sa l t s ; a n d E . J . All in a n d H . J . C. I r e t o n , t h e 
u n d e r - w a t e r s p a r k - s p e c t r u m . T h e arc spec trum w a s s t u d i e d b y B . Hasse lbe rg , 
F . Croze, M. E p p l e y , M. P u h l m a n n , C. W e i g a n d , M. A. C a t a l a n , C. C. Kiess a n d 
W . F . Meggers , a n d F . E x n e r a n d E . H a s c h e k ; t h e u l tra-v io le t spec trum, b y 
W . A. Miller, J . C. M c L e n n a n a n d A. C. Lewis , R . J . L a n g , T . A d e n , a n d F . E x n e r 
a n d E . H a s c h e k . Accord ing t o W . H . Fu lwe i l e r a n d J . B a r n e s , t h e l igh t of t h e 
m o l y b d e n u m arc , u n d e r w a t e r , g ives a c o n t i n u o u s s p e c t r u m in t h e u l t r a -v io l e t . T h e 
ultra-red spec trum w a s s t u d i e d b y J . M. E d e r a n d E . V a l e n t a . T h e effect of 
pressure w a s e x a m i n e d b y W . J . H u m p h r e y s ; a n d of a, magnetic field, or t h e Z e e m a n 
effect, b y R . J a c k , E . Wi lhe lmy , a n d M. A. Ca ta l an . J. N . L o c k y e r s t u d i e d t h e 
enhanced lines ; H . Geisler, t h e anomalous dispersion of l igh t in t h e v a p o u r of 
m o l y b d e n u m ; a n d M. K i m u r a a n d G. N a k a m u r a , enhanced lines. N o ser ies 
spec trum h a s been observed , b u t E . P a u l s o n no ted some pa i r s of c o n s t a n t difference 
l ines ; P . G. N u t t i n g , O. L a p o r t e , a n d M. A. C a t a l a n h a v e s t u d i e d t h e structure of 
the line spectrum. TJnlike J . E . P a u l s o n , M. P u h l m a n n obse rved n o l ines in t h e a r c 
s p e c t r u m which exh ib i t c o n s t a n t f r equency differences. T h e sub jec t w a s d iscussed 
b y M. A. Ca ta l an . C. C. Kiess , W . F . Meggers a n d C. C. Kiess , R . C. Gibbs a n d 
H . E . W h i t e , a n d C. C. Kiess a n d O. L a p o r t e s t u d i e d t h e series s p e c t r u m . F . Croze 
s t u d i e d t h e u l t i m a t e r a y s a n d re sonance r a y s of m o l y b d e n u m . 

H . R. Dorge ls s t ud i ed t h e absorption spec trum of t h e v a p o u r . Accord ing t o 
«X. F o r m a n e k , a l t h o u g h colourless aq . soln. of m o l y b d e n u m sa l t s g ive n o c h a r a c t e r ­
is t ic a b s o r p t i o n s p e c t r u m , a soln. of t h e chlor ide in abso lu t e a lcohol g ives a g r een 
soln. wh ich if c o n c e n t r a t e d shows a b s o r p t i o n b a n d s i n t h e red , b lue , a n d viole t , b u t 
n o l ines. If a b o u t t w o d r o p s of t i n c t u r e of a l k a n n a b e a d d e d t o t h e soln. of m o l y b ­
d e n u m chlor ide , in abso lu t e alcohol , t h e b rowni sh - red soln. h a s n a r r o w b a n d s a t 
6002, 5560, a n d 5185, a n d a b a n d in t h e v io le t . T h e soln. however , g r a d u a l l y 
b e c o m e s viole t , t h e n b l u e w i t h a r edd i sh fluorescence ; a n d t h e n a r r o w b a n d s a r e 
d i sp laced t o t h e r i g h t un t i l f inally in a b o u t 10 h r s . , w h e n equ i l i b r ium is a t t a i n e d , t h e 
n a r r o w b a n d s occur a t 5845, 6415, a n d 5040. T h e s p e c t r u m is n o t c h a n g e d b y t h e 
a d d i t i o n of a l i t t le a m m o n i a , b u t a n excess m a k e s t h e l iqu id t u r b i d a n d t h e s p e c t r a l 
b a n d s m o v e t o t h e left. C. H o r n e r s t u d i e d t h e spec t r a of b e a d s of bo r i c or p h o s ­
p h o r i c ac id c o n t a i n i n g m o l y b d e n u m oxide in soln. S. K a t o s t u d i e d t h e a b s o r p t i o n 
s p e c t r u m of a q . soln. 

T h e K-ser ies i n t h e X - r a y spec t ru m w a s m e a s u r e d b y F . C. B l a k e a n d W . D u a n e , 4 

S. T a n a k a a n d J . T s u t s u m i , L.. H . M a r t i n , J . W . M. d u M o n d , F . L . N u t t i n g , 
J . Va lasek , H . M a r k a n d G. v o n Sus ich , F . W i s s h a k , D . Mi tche l l a n d B . D a v i s , 
N . S. G ingr i ch , B . D a v i s a n d co-workers , L . R . G. Tre loar , A . P . R . W a d l u n d , 
J . Sch ro r , H . P u r k s , B . D a v i s a n d H . P u r k s , Y . H . W o o , B . W a l t e r , A . Dauv i l l i e r , 
S. B j o r e k , D . NasledofE a n d P . S c h a r a w s k y , M. S iegbahn , H . R . R o b i n s o n a n d 
co -worke r s , A . L a r s s o n , A . J o n s s o n , A. L iede , D . Coster a n d co-workers , P . A . R o s s , 
B . O . W o i l a n , F . K . R i c h t m y e r , F . K . R i c h t m y e r a n d L-. S. T a y l o r , J^. B a l d e r s t o n , 
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F . K . R i c h t m y e r a n d R . C. Spencer , H . A. E r i ckson , A . B o u w e r s , Gr. K. M. J a u n c e y 
a n d A. H . C o m p t o n , A . H . C o m p t o n , G. K e t t m a n n , P . Ange r , A. H . C o m p t o n 
a n d Y . H . W o o , S. K . Al l ison a n d co-workers , G. E . M. J a u n c e y , M. S i e g b a h n 
a n d E . F r i m a n , M. d e Brogl ie , A . P . R . W a d l u n d , S. T a n a k a a n d J . T s u -
t s u m i , H . G. J . Moseley, a n d J . Maimer . T h e l ines inc lude 
= 0 7 5 9 ; £ ^ = 0 - 6 3 0 6 5 ; a n d £ 2 y = 0 6 1 3 9 8 . T h e L-series w a s m e a s u r e d b y 
D . Coster , E . H j a l m a r , M. S i e g b a h n a n d A. La r s son , H . G. J . Moseley, J . M a i m e r , 
F . K . a n d R . D . R i c h t m y e r , M. S i egbahn a n d E . F r i m a n , W . B o t h e a n d H . F r a n z , 
S. B j o r e k , W . B o t h e , M. J . D r u y v e s t e y n , W . D u a n e a n d R . A. P a t e r s o n , H . H i r a t a , 
B . B . R a y , A . J o n s s o n , A. H . C o m p t o n a n d R . L . D o a n , J . Z a h r a d n i c e k , J . M. Cork, 
H . R . R o b i n s o n a n d C. L . Y o u n g , a n d M. S i egbahn . T h e l ines inc lude cxoo,1—5-400 ; 
ct1<x=5-3943 ; Ct3Ct11 =-5-3721 ; ^ 8 ^ = 5 - 1 6 5 8 ; a n d y x S — 4-7111. A.~ Dauvi l l i e r 
o b s e r v e d n o ikfct-ray ; b u t J . T h i b a u d f o u n d t h e JV/ct-line = 65*0 A. O. W . R i c h a r d ­
son a n d C. B . Bozzan i , a n d C. B . B o z z a n i a n d C. T. Chu found t h a t t h e cr i t ical 
p o t e n t i a l of t h e X - r a y r a d i a t i o n f rom a t u n g s t e n wire is 356 v o l t s co r re spond ing 
w i t h a w a v e - l e n g t h of 34*8 A. T h e c a l c u l a t e d i l i a - l ine of m o l y b d e n u m is 35-2 A. , 
i n d i c a t i n g t h a t t h e obse rved r a d i a t i o n is t h e Tkf-series. T h e M-series w a s also 
s t u d i e d b y S. B jo rek , H . R . R o b i n s o n a n d C. L . Y o u n g , a n d J . M. Cork ; a n d t h e 
iV-series b y S. B jo rek , a n d H . R . R o b i n s o n a n d C. L . Y o u n g . E . O. W o l l a n found 
t h a t t h e Kct-lines a r e n o t po la r i zed m o r e t h a n one p e r c e n t . W . E h r e n b e r g a n d 
co-workers s t u d i e d t h e w i d t h s of t h e X - r a y emiss ion l ines . 

J . E . P . WagstafE g a v e 6-7 X l O 1 2 for t h e v ibrat ion frequency . F . W a g n e r dis­
cussed t h e l inear r e l a t i on b e t w e e n t h e a t . n u m b e r s a n d t h e f r equency . Accord ing t o 
T . E . A u r e n , t h e a t . a b s o r p t i o n coefficient for X - r a y s is 244 w h e n t h a t of h y d r o g e n 
is u n i t y . R . A. H o u s t o u n , P . G u n t h e r , L*. M. A l e x a n d e r , K . A . W i n g a r d h , a n d 
F . W . W a r b u r t o n a n d F . K . R i c h t m y e r also s t u d i e d t h i s sub jec t . S. K . Allison a n d 
W . D u a n e , G. I i a g e n , F . K i r c h n e r , E . N . Coade , R . W . G. Wyckoff, a n d G. L . Clark 
a n d co -worke r s s t u d i e d t h e s c a t t e r i n g of t h e X - r a y s f rom m o l y b d e n u m , a n d t h e 
C o m p t o n effect ; J . H e n g s t e n b e r g , t h e ref lect ion of X - r a y s ; H . R . R o b i n s o n a n d 
co -worke r s , a n d R . W h i d d i n g t o n , t h e emiss ion f rom m o l y b d e n u m b o m b a r d e d b y 
X - r a y s ; G. L . C la rk a n d co -worke r s , t h e a c t i o n of p r i m a r y X - r a y s f rom a m o l y b ­
d e n u m t a r g e t o n t h e s e c o n d a r y a n d t e r t i a r y r a y s f rom v a r i o u s s u b s t a n c e s . 
M. A . R e w u t z k a , a n d O. W . R i c h a r d s o n a n d F . S. R o b e r t s o n i n v e s t i g a t e d t h e soft 
X - r a y s f rom m o l y b d e n u m ; L . P . D a v i s , t h e effect of o x i d a t i o n on t h e emiss ion of 
soft X - r a y s ; a n d G. B . B a n d o p a d h y a y a , a n d O. W . R i c h a r d s o n a n d F . S. R o b e r t s o n , 
t h e pho toe l ec t r i c effect of t h e s e r a y s . R . W h i d d i n g t o n , s t u d i e d t h e ve loc i ty of t h e 
e l ec t rons l i b e r a t e d b y X - r a y s f rom m o l y b d e n u m ; D . Nasledoff a n d P . S h a r a w s k y , 
D . L . W e b s t e r a n d A. E . H e n n i n g s , A . J o n s s o n , a n d A. B o u w e r s , t h e ve loc i ty of t h e 
X - r a y s ; a n d C. C. v a n Voorh i s a n d K . T. C o m p t o n , t h e h e a t of c o n d e n s a t i o n of 
e l ec t rons . M. A . C a t a l a n g a v e for t h e i on i za t ion potent ia l , 7-1 vo l t s ; a n d t h e first 
r e s o n a n c e potent ia l , 3-19 v o l t s . L . Ro l l a a n d G. P i cca rd i s t u d i e d t h e e lec t ronic 
e q u i l i b r i u m a n d ioniz ing p o t e n t i a l s of m o l y b d e n u m , e t c . D . Li. W e b s t e r a n d 
A. E . H e n n i n g s s t u d i e d t h e p e n e t r a t i o n b y c a t h o d e r a y s ; H . R . R o b i n s o n , t h e 
s e c o n d a r y co rpuscu l a r X - r a y s ; W . H e r z g a v e 7 - 2 7 x 1 0 ° for t h e v ibrat ion 
frequency. 

M. J . M a r t i n 5 f o u n d t h a t pho toe l ec t r i c c u r r e n t s a r e p r o d u c e d by t h e ac t ion of 
t h e l igh t f rom a q u a r t z m e r c u r y l a m p on m o l y b d e n u m h e a t e d in v a c u o t o 1325°. 
T h e sens i t iveness of t h e photoe lec tr ic effect increases t o a final l imi t ing v a l u e , a n d 
t h e w a v e - l e n g t h l imi t shif ts f rom a b o u t 260O A. t o 3800 A . T h e w o r k func t ion is 
3*22 v o l t s . T h e s u b j e c t w a s s t u d i e d b y T. P a v o l i n i . N . Pil tschikoff obse rved t h a t 
m o l y b d e n u m e m i t s p r a c t i c a l l y n o Moser rays . J . Li fschi tz , a n d R . T. Dufford 
i n v e s t i g a t e d t h e v o l t a - l n m i n e s c e n c e wh ich occurs w i t h a n e lec t ro ly t ic cell u n d e r 
c e r t a i n cond i t ions w h e n m o l y b d e n u m e lec t rodes a r e used . 

K . F . Herzfe ld 6 d i scussed t h e meta l l i c c o n d u c t i v i t y of m o l y b d e n u m . Accord ing 
t o C G. F i n k , t h e e lectr ical res i s tance of h a r d - d r a w n m o l y b d e n u m wire is 5-6 X 10~~6 

o h m p e r c m . c u b e , a n d of a n n e a l e d wi re , 4*8 X 10~~e o h m a t 25° . T h e t e m p , coeff. is 
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0-5 per cent, per degree between 0° and 170°. C. E . B l o m gave JRx 10"~4=22-4 
ohms for the resistance of molybdenum a t 0° , and at d°9 J 2 x l 0 7 — 4 4 X O 1 1 7 0 
+OOOO5302 ohms per cm. cube. A. Schulze gave R=R0(X + 0 0 0 4 0 2 0 - + O O 5 1 2 0 2 ) . 
C. Zwikker found for the sp. resistance in microhms per cm. : 

1284° 
29-2 

1440° 
35-2 

1648° 
41-2 

1855° 
47-3 

2059° 
53-5 

2269° 
59-7 

2460° 
66-0 R . 

A. A. Sommervil le found that the effect of temp, is very sensitive t o the degree of 
purity of the metal , and he gave 0-0034 for the temp, coeff. of the resistance, whilst 
P . W. Bridgman gave 0-004336 between 0° and 100°. A. A. Somerville represented 
his results for the effect of t emp, on the resistance, and on the t emp, coeff. of the 
resistance by the curves, Fig . 6. W . Geiss and J. A. M. v a n Liempt gave for the 
resistance of single crystals 0*0502 ohm per metre for wire 1 m m . cross-section, and 
the temp, coeff. was 473 X 10~~r\ A. G. Worthing gave for the resistance, R mill iohms, 
and for the t emp, coeff., 

R 
a 

K . 273° 
5 1 4 
1-265 

400° 
8-15 
1-170 

1000° 
23-9 

1 1 4 5 

1400° 
35-2 

1 1 4 5 

1600° 
41*1 

1 1 4 5 

2000° 
5 3 1 

1-145 

2400° 
65*5 

1 1 4 5 

2600° 
71-8 

1 1 4 5 

2895° 
81-4 

1-145 

L. Holborn gave for wire annealed at 500° the ratio of the resistance, R9 at 6° t o that , 
R0, a t 0° : 

— 192° —78° 100° 200° 300° 
R/R0 . . 0 1 9 3 0-667 1-435 1-885 2-349 

and for the temp, coeff., ct, of the resistance : 

400° 
2-825 

— 135° 
0 0 0 4 1 5 

39° 
0 0 0 4 2 7 

50° 
0 0 0 4 3 5 

150° 
0*00450 

250° 
0 0 0 4 6 4 

350° 
0-00478 

6OO 0-0060 

W. Geiss and J. A. M. van Liempt studied the effect of temp, on the resistance ; 
and J, C. McLennan and co-workers, the effect of t emp, in the vic inity of 2-2° K. ; 

L. Ho lborn gave 0-00435 for the t emp, 
coeff. ; P. Kapitza, the influence of a 
magnetic field on the conduct iv i ty . 
Z. A. Epste in compared the conductivit ies 
of the elements and their posit ion in the 
periodic table. A. T. Waterman dis­
cussed the electronic theory of conduct ion. 
W. Geiss and J. A. M. v a n Liempt found 
that the product of the sp. resistance and 
the temp, coeff. is constant in agreement 

Rolnick found that the resistance decreases wi th 
tension. TJ. Fischer, and 33. Beckman measured the influence of pressure, p 
kgrms. per sq. cm., on the resistance ; and P . W. Bridgman found t h e relative 
resistance and the press, coeff. to be : 

800Q /00015 400* 600° 
FiO. 6 .—The Effect of Temperature on 

the Res i s tance of Molybdenum. 

with Matthiessen's rule. H . 
U. Fischer, and 

0° 
IOOOO 
— 0*06133 
-OC)51245 

---0-O6] 286 

13*2° 
0 0 B 1 3 4 

25° 
1-1071 
— 0 0 5 1 3 2 
- O O 5 I 2 4 
- 0 - 0 5 1 2 8 1 

0*1° — 
0O 6 135 0-0 

50° 
1*2150 
— OO5I3I 
— O O B 1 2 4 
— 0-051275 

75° —192° 
6 150 0 0 5 2 6 9 

75° 
1-3238 
- 0 O 6 1 3 0 5 
— OO5I235 
~ OO5I27O 

ioo° 
1-4336 
— 0-06130 
— 0-0*123 
— 0 0 B 1 2 6 5 

— 252'7° 
O O B 4 1 4 t o 0 0 6 4 9 

R . 
Press 1° 1 ^ 1 * 1 -
C O ^ : 1 2 ' O G O k « " ™ ' I average 

U. Fischer gave 

Coeff. . 

S. Morugina found that the molybdenum-tungsten thermocouple had an e.m.f. 
which changes sign a t about 1900°. The e.m.f. are small being about —3 mil l ivolts 
a t 1000° ; and -}-l-5 at 2000°, so that the couple is of l ittle practical va lue . 
W . R o h n studied the thermoelectric force of molybdenum against nickel. 
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P . W . B r i d g m a n f o u n d t h e thermolec t l i c force, in vo l t s x 106, of t h e m e t a l u n c o m ­
pressed a n d compressed t o p k g r m s . pe r sq. cm. t o be : 

p 10° 20° 40° 60° 8O* 100° 
2 , 0 0 0 • • 0 - 0 1 2 O 0 2 5 0 0 6 5 0 - 1 0 9 O-129 0 1 4 0 
6 , 0 0 0 . . u - 0 3 7 0 - 0 7 8 0 - 2 0 9 0 - 3 2 8 0 - 3 8 3 0 - 4 1 5 

1 0 , 0 0 0 . . 0 - 0 5 7 O-125 0 - 3 5 7 0 - 5 4 3 0 - 6 3 4 0 - 6 9 3 
1 2 , 0 0 0 . . 0 - 0 6 6 0 - 1 4 6 0 - 4 3 0 0*649 0 - 7 6 1 0 - 8 3 3 

for Pe l t i er ' s effect in joules p e r c o u l o m b X l O 6 be tween t h e u n c o m p r e s s e d a n d 
compressed m e t a l : 

3» O" 20° 40° 60° 80° 100° 
2,0OO . . 0 3 0 0 - 3 8 0 - 5 3 0 -47 0 - 2 5 0 1 5 
6 , 0 0 0 . 0*95 1-35 2 - 4 1 1-23 0 - 7 4 0*48 

1 0 , 0 0 0 - . 1-45 2 - 2 8 4 - 2 3 2-OO 1*23 U-93 
1 2 , 0 0 0 - - 1*69 2*93 4*83 2 - 4 4 1*52 1 1 6 

a n d for T h o m s o n ' s effect in jou les p e r c o u l o m b p e r 0C. X 10fi expressed as t h e excess 
w i t h t h e c o m p r e s s e d over t h e u n c o m p r e s s e d m e t a l : 

V 0° 20° 40° 00° 80° 100° 
2 , 0 0 0 . . O 0*6 0 -3 — 1 - 3 — 1 - 1 OO 
6,0OO . . 0 -8 4 - 4 — 2 - 5 — 7 - 0 —1*8 — 1 1 

1 0 , 0 0 0 . - 1*2 13*2 —9*4 —9*3 — 2-5 — 1 - 9 
12 ,00O . . 1-6 15 -2 — 1 1 - 6 —9*7 — 3 - 2 — 22 

T h e t he rmoe lec t r i c force a g a i n s t l ead is g iven b y (5 8926 +OO216702—OOOOO2503) 
X l O - 6 v o l t s ; t h e Pe l t i e r ' s effect, b y (5-892 -f-0-043340—O-OOOO7502) ( 0 + 2 7 3 ) X l 0 ~ 6 

v o l t s ; a n d t h e T h o m s o n ' s effect b y (0-04334— 0-00001500) ( 0 + 2 7 3 ) X I Q - * vo l t s 
p e r 0 C . C. Zwikker f o u n d t h a t t h e t f h o m s o n ' s eflect of m o l y b d e n u m is negligibly 
sma l l a t a b o u t 2000° K . , be ing less t h a n —2 mi l l ivol t s pe r degree . E . B l u m e n t h a l 
m e a s u r e d t h e t he rmoe l ec t r i c force of m o l y b d e n u m a g a i n s t t u n g s t e n , a n d also 
a g a i n s t t a n t a l u m . 

R . D . K l e e m a n a n d W . E r e d e r i c k s o n found t h a t m o l y b d e n u m wire t h r o u g h which 
a n e lect r ic c u r r e n t is pass ing , acqu i r e s a n e g a t i v e cha rge . M. F o r r o a n d E . P a t a i 
found t h e c o n t a c t p o t e n t i a l of s o d i u m a g a i n s t m o l y b d e n u m t o be 2*0 vo l t s ; a n d 
t h e y m e a s u r e d t h e c o n t a c t p o t e n t i a l of m o l y b d e n u m a n d m e r c u r y . E . Dubo i s 
s t u d i e d t h e V o l t a efEect in w a t e r v a p o u r . A . S. Russe l l a n d S. W . Rowel l said 
t h a t t h e pos i t ion of m o l y b d e n u m in t h e e lec t rochemica l series is a p p r o x i m a t e l y t he 
s a m e as t h a t of m e r c u r y . Th i s w a s d e t e r m i n e d b y f inding t h e m o s t noble m e t a l t h a t 
c a n d isp lace t h e m from soln. , a n d t h e o rde r , r e l a t ive t o m e t a l s of k n o w n po ten t i a l , 
in w h i c h i t is r e m o v e d f rom m e r c u r y b y o x i d a t i o n w i t h p e r m a n g a n a t e . According 
t o L . Mar ino , a l t h o u g h m o l y b d e n u m c a n a c t as a bi- , te r - , or s ex iva len t e lement , 
e lec t rochemica l ly , i t a c t s on ly a s a h e x a d . I t c a n occur u n d e r widely va ry ing 
cond i t ions in t h e a c t i v e a n d pass ive s ta tes , e ach of which co r responds w i t h i t s own 
specific e.m.f. B e t w e e n t h e s e t w o s t a t e s , t h e r e is a n indefini te ly la rge n u m b e r of 
o t h e r s t a t e s co r r e spond ing w i t h t h e v a r y i n g cond i t ions of t h e surface of t h e m e t a l . 
W . M u t h m a n n a n d F . F r a u n b e r g e r found t h a t t h e h ighes t numer i ca l va lues of t h e 
e.m.f. i n t h e t w o s t a t e s i n 2V-KCl were —0-74 vol t (act ive) a n d + 0 - 6 6 v o l t (passive) . 
T w o fresh pieces h a d t h e a i r p o t e n t i a l s 0-26 a n d —0-02 vo l t . H . K u e s s n e r observed 
t h a t t w o different p ieces of m e t a l — c o n t a i n i n g t r a c e s of c a rbon , a n d of oxide , a n d a 
l i t t l e i r o n — b e h a v e d different ly. One became pass ive w h e n t h e c u r r e n t dens i t y was 
a b o u t 0*05 a m p . p e r sq . c m . , whi l s t t h e o t h e r showed n o s igns of pa s s iv i t y even wi th 
l a rge r c u r r e n t dens i t i es . JL. M a r i n o showed t h a t t h e m e t a l is ac t ive w h e n in c o n t a c t 
w i t h s t r o n g l y oxid iz ing soln. , such as those of chlor ine , b r o m i n e , n i t r i c acid, or chloric 
ac id , a t t h e o r d i n a r y t e m p . ; fu r ther , i t is ac t ive i n soln. of h igh ly o x y g e n a t e d sa l ts , 
b u t on ly a t t e m p , r i s ing w i t h t h e d i lu t ion , a n d also in cone . soln. of ce r t a in o the r 
ac ids on ly c a p a b l e of d issolv ing i t a t t h e i r b . p . , t h e e.m.f. be ing he re ident ica l wi th 
t h a t e x h i b i t e d in soln. ab l e t o dissolve i t r ead i ly . W . M u t h m a n n a n d F . F r a u n b e r g e r 
f o u n d t h a t t h e in i t ia l a n d e n d p o t e n t i a l s w i t h 40 p e r cen t , n i t r i c acid were respec­
t i v e l y —0-22 a n d 0-38 v o l t ; w i t h cone, ch romic acid , —0-72 a n d 0-66 vol t ; w i th 
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20 p e r cen t , hydroch lo r i c acid , —0-06 a n d 0-29 v o l t ; w i t h 16 p e r cen t , s u l p h u r i c ac id , 
O 0 2 a n d 0-26 v o l t ; w i t h a m m o n i u m p e r s u l p h a t e , —0-48 a n d 0*45 ; a n d w i t h 10 
p e r cen t , ferric chlor ide , —0-27 a n d 0*48 v o l t . Accord ing t o L . M a r i n o , t h e i n a c t i v e 
cond i t ion of t h e m e t a l is on ly poss ib le for c e r t a i n va lues of t h e c u r r e n t d e n s i t y , a 
fac t which ind ica te s t h e g r e a t inf luence of t h e l a t t e r m a g n i t u d e on t h e surface of t h e 
m e t a l . Th i s influence is s h o w n m o s t d i s t i nc t l y in soln. of s u b s t a n c e s r i ch i n o x y g e n , 
such as n i t r i c a c id a n d n i t r a t e s . Neg lec t ing t h e s l ight inf luences e x e r t e d 
b y different e lec t ro ly tes , t h e h i g h e s t v a l u e of t h e e.m.f. a f ter t h e m e t a l h a s a c t e d for 
some seconds a s a c a t h o d e is 1 -50 vo l t s for t h e ac t ive cond i t ion a n d 0 2 0 v o l t for t h e 
pass ive cond i t ion . T h e i n a c t i v e s t a t e of t h e m e t a l is u n s t a b l e , a n d , a s soon a s i t s 
cause is r e m o v e d , r e v e r t s t o t h e ac t ive condi t ion , t h e c h a n g e p roceed ing m o r e 
r a p i d l y t h a n w i t h c h r o m i u m . W . M u t h m a n n a n d F . F r a u n b e r g e r obse rved t h a t 
bases a n d r e d u c i n g a g e n t s a c t i v a t e t h e pass ive m e t a l . T h u s , t h e in i t i a l a n d e n d 
p o t e n t i a l s w i t h a cone . soln. of p o t a s s i u m h y d r o x i d e were r e spec t ive ly 0-13 a n d 
—0-72 v o l t ; w i t h a q . a m m o n i a , 0*29 a n d —0-31 ; a n d w i t h a lka l ine f o r m a l d e h y d e , 
0-33 a n d —0-31 vo l t . Ac t i ve m o l y b d e n u m reduces soln. of m e r c u r i c , cupr ic , a n d 
ferric sa l t s a s well as sa l t s of si lver, gold, a n d p l a t i n u m . Li. C. B a n n i s t e r a n d 
LT. R . E v a n s m e a s u r e d t h e t i m e - p o t e n t i a l cu rves . G. C. S c h m i d t m a d e o b s e r v a ­
t i o n s on th i s sub jec t . R . Lo renz r e p o r t e d t h e e lectrode potent ia l of p o w d e r e d 
m o l y b d e n u m in O l i V - m o l y b d a t o s u l p h u r i e ac id t o be 0-41 v o l t ; a n d K . Wolf, 
f rom m e a s u r e m e n t s of t h e p o t e n t i a l in alcohol ic soln. of m o l y b d e n u m dich lor ide 
ca l cu l a t ed 0-53 t o 0-55 for t h e n o r m a l e lec t rode p o t e n t i a l — b u t t h e n u m b e r s h a v e 
l i t t l e p r a c t i c a l v a l u e owing t o t h e qu i ck changes w h i c h occur in t h e e.m.f. of cells. 
T h u s L . M a r i n o m e a s u r e d t h e e.m.f. of t h e cell, Mo ] M X | KCl 3 HgCl | H g , w h e r e 
M X r e p r e s e n t s a n e u t r a l sa l t , acid, or base , aJfd of t h e cell, Mo | M X | H 2 C r O 4 | P t . 
T h e h i g h e s t v a l u e w i t h ac t ive m o l y b d e n u m w a s 1-5 vo l t , a n d w i t h pass ive m o l y b ­
d e n u m 0-2 v o l t — t h e difference 1-3 vo l t , a n d W . M u t h m a n n a n d F . F r a u n b e r g e r 
o b s e r v e d t h e difference t o b e 1-4 v o l t . All cells w i t h a m o l y b d e n u m e lec t rode 
s h o w e d g r e a t difference in t h e i r e.m.f. owing t o t h e p a s s i v a t i o n of t h e m e t a l . 
O. B a u e r g a v e —0*200 vo l t in one p e r cent , s o d i u m ch lor ide a t t h e s t a r t , a n d —0*164 
a f te r 120 h r s . A . Th ie l a n d W . H a m m e r s c h m i d t found t h e overvo l tage w i t h 
22V-H2SO4 is 0-168 v o l t a t 25°. S. J . F r e n c h a n d L . K a h l e n b e r g , a n d A. C. K r u g e r 
a n d Li. K a h l e n b e r g s t u d i e d t h e gas -me ta l e lec t rodes of m o l y b d e n u m a n d oxygen , 
n i t r ogen , or h y d r o g e n . A. S. Russe l l a n d S. W . Rowel i f ound t h a t m o l y b d e n u m 
a n d t u n g s t e n a r e in some re spec t s m o r e r eac t i ve t h a n coppe r b u t in o t h e r r e spec t s 
t h e y r e s e m b l e m e r c u r y , a n d si lver. T h e va lues for t h e e l ec t rode p o t e n t i a l s a re 
n o t c o n c o r d a n t . O. Col lenberg s t u d i e d t h e ox ida t i on p o t e n t i a l of p o t a s s i u m 
m o l y b d e n u m oc tocyan ide , K 3 M o C y 8 ; A . Coehn a n d O. Schafmeis te r , t h e e lec t ro -
k ine t i c p o t e n t i a l of m o l y b d e n u m ; R . J . Piersol , t h e e lec t ronic d i s cha rge i n v a c u u m 
t u b e s ; E . S. D a v e n p o r t , t h e surface p i t t i n g of t u n g s t e n filaments ; a n d H . N a g a o k a 

a n d T . F a t a g a m i , t h e s p l u t t e r i n g of m o l y b d e n u m b y t h e 
d i s r u p t i v e d i scha rge in a m a g n e t i c field. W . O g a w a n o t e d 
t h a t m o l y b d e n u m - a c t i v a t e d ga lena is a r a d i o d e t e c t o r . 

Acco rd ing t o L . Weiss a n d O. Aiche l , 7 m o l y b d e n u m is 
p a r a - m a g n e t i c . S. Meyer gave for t h e m a g n e t i c suscept i ­
bil ity, 0 -25X 1 0 - « m a s s u n i t ; K . H o n d a , 0 0 4 X 1 0 - « t o 
0 0 3 9 x 1 0 - « ; a n d M. Owen, 0 - 6 0 x 1 0 - « t o 0 9 3 x 1 0 - 6 . 
T h e t e m p . , a n d s t r e n g t h of t h e m a g n e t i c field h a d on ly a 
s l igh t inf luence on t h e resu l t . P . P a s c a l f o u n d t h a t t h e 
m o l y b d a t e s , un l ike t h e m o l y b d e n u m sa l t s , a r e d ia -
m a g n e t i c . T h e s u b j e c t w a s s t u d i e d b y D . M. Bose a n d 
H . G. D h a r ; i n i t s sa l t s , t e r v a l e n t m o l y b d e n u m is d i a -

m a g n e t i c . P . K a p i t z a ' s o b s e r v a t i o n s o n t h e effect of s t r o n g m a g n e t i c fields o n 
t h e e lec t r ica l c o n d u c t i v i t y a r e s u m m a r i z e d in F i g . 7. P . R . R a y s t u d i e d t h e 
m a g n e t i c suscep t ib i l i ty of complexes of q u i n q u e v a l e n t m o l y b d e n u m c o m p o u n d s . 
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§ S. The Chemical Properties of Molybdenum 

IP. F i s c h e r a n d F . S c h r o t t e r 1 obse rved n o r e a c t i o n w h e n m o l y b d e n u m w a s s p a r k e d 
b e n e a t h l i qu id a r g o n . N o molybdenum hydride h a s been p r e p a r e d . A c c o r d i n g t o 
A . V a n d e n b e r g h e , J". H . Miiller, a n d W . Lede re r , m o l y b d e n u m does n o t in gene ra l 
a b s o r b h y d r o g e n , b u t if t h e m e t a l is in a fine s t a t e of subd iv i s ion , L . H a m b u r g e r 
found t h a t i t c a n occ lude s o m e h y d r o g e n w h i c h is a g a i n g iven off a t 300° . E . M a r t i n 
m a d e o b s e r v a t i o n s o n t h i s sub jec t . J. A . K e n d a l l m a d e a h o t m o l y b d e n u m film 
t h r o u g h w h i c h h y d r o g e n w a s p a s s i n g se rve a s o n e e l e m e n t of a g a l v a n i c cell . 
Accord ing t o J . J . Berze l ius , m o l y b d e n u m loses i t s m e t a l l i c l u s t r e b y e x p o s u r e t o 
air for some d a y s a t o r d i n a r y t e m p . J . E e r e e found t h a t p y r o p h o r i c m o l y b d e n u m 
w h i c h h a s b e e n h e a t e d t o 400° is n o longer s p o n t a n e o u s l y i n f l a m m a b l e in a i r . 
U n d e r o r d i n a r y cond i t ions , m o l y b d e n u m is s t ab l e i n a i r a t o r d i n a r y t e m p . 
W . Lede re r , however , sa id t h a t t h e surface of t h e m e t a l exposed t o a i r g r a d u a l l y 
acqu i r e s a brass-ye l low film. Accord ing t o C. M a t i g n o n a n d G. D e s p l a n t e s , finely-
d i v i d e d m o l y b d e n u m oxid izes a t o r d i n a r y t e m p , i n a i r in t h e p resence of a q . 
a m m o n i a . J . J . !Berzelius sa id t h a t w h e n h e a t e d i n a i r i t b e c o m e s first b r o w n , 
t h e n b lue , a n d l a s t ly , n e a r l y w h i t e ; a n d , if t h e t e m p , is h igh enough , i t e m i t s l igh t , 
g ives off fumes , a n d fo rms c rys ta l l ine m o l y b d e n u m t r iox ide . H . Moissan a d d e d t h a t 
if t h e m e t a l b e free f rom c a r b o n a n d silicon, i t oxid izes b u t l i t t l e in a i r be low a r ed -
h e a t ; b u t a t a du l l r e d - h e a t , i t oxidizes superficial ly in air , a n d a t 600° o x i d a t i o n 
b e c o m e s m a r k e d , a n d m o l y b d e n u m t r i ox ide s lowly vola t i l izes . T h e t r i o x i d e is 
t h e p r o d u c t of t h e o x i d a t i o n in a i r a t h igh t e m p . , b u t i n t h e o x y h y d r o g e n flame, 
i t is a c c o m p a n i e d b y t h e b lue ox ide . N . B . P i l l ing a n d R . E . B e d w o r t h s t u d i e d 
t h e o x i d a t i o n i n a i r of t h i s fami ly of m e t a l s . T h e m e t a l i n o x y g e n a t 500° t o 600° 
b u r n s t o t h e t r i o x i d e . W . L e d e r e r a d d e d t h a t w h e n t h e m e t a l is w a r m e d in o x y g e n , 
i t a cqu i r e s a film co loured successively yel low, b r o w n , b lue , b lu i sh- red , a n d b l ack , i t s 
sur face t h e n glows, a n d t h e b l ack s u b s t a n c e s u d d e n l y b u r s t s i n t o a pa l e w h i t e f lame 
fo rming t h e t r i ox ide . L . O. B a n n i s t e r d i scussed t h e co loured o x i d e films o n 
m o l y b d e n u m . C. F . Bucholz , a n d J . J . Berze l ius f o u n d t h a t w a t e r does n o t oxid ize 
t h e m e t a l a t o r d i n a r y t e m p . , a n d HL Moissan a d d e d t h a t if t h e m e t a l b e free f r o m 
c a r b o n a n d sil icon, i t c a n b e k e p t u n c h a n g e d i n w a t e r for s eve ra l d a y s , e v e n w h e n 
t h e w a t e r is c h a r g e d w i t h c a r b o n d iox ide . W . L e d e r e r f o u n d t h a t a f te r m o l y b d e n u m 
h a s s t o o d in c o n t a c t w i t h w a t e r for a week , i t a c q u i r e s a b lue film of a lower ox ide , 
a n d t h i s t h e n b e c o m e s ye l lowish -b rown . W i t h w a t e r - v a p o u r , free f r o m air , r e d - h o t 
m o l y b d e n u m b e c o m e s ye l low, t h e n b r o w n , a n d b lue , whi l s t W . G u e r t l e r a n d 
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T. L i e p u s obse rved no a c t i o n w i t h sa t . ch lo r ine -wate r d u r i n g 8 d a y s ; H . V. Regnaulfc 
o b s e r v e d t h a t m o l y b d e n u m decomposes w a t e r - v a p o u r a t a r e d - h e a t , first 
f o rming a b lue ox ide , a n d t h e n m o l y b d e n u m t r i ox ide . M. G u i c h a r d sa id t h a t 
s t e a m first oxidizes m o l y b d e n u m a t 700°. W . Guer t l e r a n d T. Liiepus obse rved 
t h a t sea -wa te r , a e r a t e d sea -wa te r , a n d a e r a t e d r a i n - w a t e r h a v e n o a c t i o n on 
m o l y b d e n u m d u r i n g 8 d a y s ' e x p o s u r e . B y s lowly oxid iz ing th i s m e t a l in w a t e r -
v a p o u r a lone , or a d m i x e d w i t h h y d r o g e n , no ox ides o t h e r t h a n t h e d i - a n d t r i -
ox ides a re fo rmed . Gr. C h a u d r o n s t u d i e d t h e equ i l i b r ium cond i t ions in t h e b a l a n c e d 
r eac t i on : M o + 2 H 2 O ^ M o 0 2 + 2 H 2 ove r t h e t e m p , r a n g e 700° t o 1100°. W . GTuertler 
a n d T. L i e p u s obse rved n o a c t i o n d u r i n g 24 hrs.* exposure t o a soln. of hydrogen 
dioxide in soda- lye ; b u t L*. J". T h e n a r d found t h a t t h e m e t a l is oxidized. C. Gr. F i n k , 
a n d W . Gr. M i x t e r found t h e m o l y b d e n u m is r ead i ly a t t a c k e d b y me l t i ng s o d i u m 
dioxide ; J . A . H e d v a l l a n d N . v o n Zweigbergk s t u d i e d t h e ac t ion of b a r i u m 
diox ide ; a n d H . Moissan t h a t t h e r e is a n i n t ense d e v e l o p m e n t of h e a t a n d l i gh t 
w h e n a m i x t u r e of m o l y b d e n u m a n d l ead d iox ide is h e a t e d . 

Acco rd ing t o H . Moissan, fluorine h a s n o a c t i o n on m o l y b d e n u m en masse a t 
o r d i n a r y t e m p . , b u t i t a c t s on t h e coa r se ly -powdered m e t a l w i t h incandescence , 
a n d t h e f o r m a t i o n of a vola t i le fluoride. J . J . Berze l ius found t h a t ch lor ine does 
n o t a c t on t h e m e t a l a t o r d i n a r y t e m p . — W . L*ederer sa id t h a t a b lu i sh -b lack film 
is f o r m e d — b u t a t a gen t l e h e a t , t h e sur face exh ib i t s a t r a n s i e n t glow, a n d a d a r k 
r ed v a p o u r is fo rmed . H . Moissan obse rved t h a t ch lor ine a t t a c k s t h e m e t a l a t a 
du l l - red h e a t w i t h o u t i ncandescence ; a n d b r o m i n e c o m b i n e s w i t h t h e m e t a l , 
t h o u g h n o t energe t ica l ly a t a b r i g h t r e d - h e a t . C W . B l o m s t r a n d obse rved t h a t 
w i t h ch lor ine or b r o m i n e , severa l ch lor ides or b r o m i d e s a r e formed, a n d if t h e 
ha logen is m i x e d w i t h air , o x y h a l i d e s a r e p r o d u c e d . J . J . Berze l ius found t h a t 
ch lo r ine -wa te r oxidizes m o l y b d e n u m , a n d W . Liederer, t h a t b r o m i n e - w a t e r is 
decolor ized b y s h a k i n g i t w i t h p o w d e r e d m o l y b d e n u m . J . J . Berzel ius , a n d 
H . Moissan found t h a t i od ine h a s n o ac t i on on r e d - h o t m o l y b d e n u m . O. RufE a n d 
H . K r u g found c h l o r i n e trifluoride a t t a c k s t h e m e t a l w i t h incandescence . J . J . Ber­
zelius, a n d C. F . B u c h o l z o b s e r v e d t h a t hydrofluoric ac id h a s n o ac t ion on 
m o l y b d e n u m , a n d H . Moissan a d d e d t h a t hydrof luor ic ac id is w i t h o u t ac t ion e x c e p t 
in t h e p re sence of n i t r i c ac id w h e n t h e m e t a l is r a p i d l y a t t a c k e d . W . K. R u d e r 
sa id t h a t t h e m e t a l is n o t a t t a c k e d b y t h i s ac id h o t or cold. J . J . Berzel ius , a n d 
C. F . B u c h o l z sa id t h a t t h e m e t a l is n o t a t t a c k e d b y hydrochlor ic acid ; W . K. R u d e r 
sa id t h a t t h e di l . ac id s lowly a t t a c k s m o l y b d e n u m a t 110° fo rming some b l ack oxide , 
p r o b a b l y M o 2 O 3 . T h e loss in w e i g h t w a s 20-3 pe r cen t , af ter 18 h o u r s . T h e m o r e 
c o n c e n t r a t e d ac id (1-15) h a s a m u c h s lower ac t ion . Af ter k e e p i n g t h e m e t a l for 
18 h o u r s in t h i s ac id a t 110°, t h e t o t a l loss of m e t a l w a s on ly 0-34 p e r cen t , a n d t h e 
sur face w a s still b r i g h t . W . G u e r t l e r a n d T. L i e p u s obse rved no ac t i on d u r i n g 
48 h r s . ' e x p o s u r e t o 10 a n d 36 p e r cen t , hyd roch lo r i c ac id ; W . RoIm, t h a t t h e cold 
10 p e r cen t , hyd roch lo r i c ac id d isso lved on ly 0-01 pe r cen t , in 24 h r s . in t h e cold, 
a n d w i t h t h e h o t ac id 0-0015 w a s d isso lved in one h o u r , a n d 0-08 pe r cen t , in 24 
h r s . ; W . Lede re r , t h a t bo i l ing di l . hydroch lo r i c ac id h a s no ac t ion , b u t t h e h o t cone. 
ac id v e r y s lowly a t t a c k s t h e m e t a l . H . Moissan found t h a t fused po tas s ium 
ch lorate a t t a c k s t h e m e t a l v io len t ly . 

H . Moissan found t h a t su lphur h a s n o ac t ion on m o l y b d e n u m a t 440° ; b u t 
h y d r o g e n su lphide a t 1200° c o n v e r t s t h e m e t a l i n t o a su lph ide closely resembl ing 
m o l y b d e n i t e . J . F e r e e f o u n d t h a t p y r o p h o r i c m o l y b d e n u m a t o r d i n a r y t e m p , or 
w h e n g e n t l y h e a t e d does n o t r e a c t w i t h h y d r o g e n su lph ide . E . W . Erigle found 
t h a t m o l y b d e n u m is r e s i s t a n t t o corrosion b y h y d r o c h l o r i c ac id . W . Guer t l e r a n d 
T . iLiepus obse rved n o r e a c t i o n w i th 10 a n d 5O p e r cen t . so ln . of s o d i u m sulphide— 
w i t h o r w i t h o u t a lka l i . N . D o m a n i c k y o b s e r v e d t h a t a n e t h e r e a l soln. of sulphur 
m o n o c h l o r i d e r e a d i l y a t t a c k s m o l y b d e n u m . A c c o r d i n g t o E . F . S m i t h a n d 
V. Oberho l t ze r , if m o l y b d e n u m is h e a t e d in t h e v a p o u r of s u l p h u r monochlor ide , a 
c o m p l e x Mo 5 S 8 Cl 0 is fo rmed . X.. S t o r c h f o u n d t h a t t h e p resence of s u l p h o m o l y b d a t e s 
p r e v e n t s t h e p r e c i p i t a t i o n of copper , c a d m i u m , m e r c u r y , a n d i ron su lphides . 

VOL.. x i . 2 L 
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C. H . Ehrenfe ld sa id t h a t w h e n t h e m e t a l is h e a t e d i n su lphur dioxide, m o l y b d e n u m 
d iox ide a n d a sub l ima te of s u l p h u r a re fo rmed ; whi l s t J . F e r e e obse rved t h a t w i t h 
p y r o p h o r i c m o l y b d e n u m a n d s u l p h u r d ioxide , t h e m a s s glows a n d a su lph ide a n d 
ox ide a r e formed. Accord ing t o J . J . Berzel ius , a n d C. F . Bucholz , di l . su lphuric 
ac id does n o t a c t on m o l y b d e n u m , whi l s t t h e ho t , cone, ac id forms s u l p h u r d iox ide 
a n d m o l y b d e n u m d iox ide if on ly a smal l p r o p o r t i o n of ac id be p r e sen t , w i t h m o r e 
acid, b lue m o l y b d e n u m ox ide is fo rmed. W . !Lederer sa id t h a t di l , a n d cone . 
su lphur ic ac id do n o t a t t a c k m o l y b d e n u m ; b u t A. R o s e n h e i m a n d H . J . B r a u n 
a d d e d t h a t m o l y b d e n u m is a t t a c k e d on ly s lowly b y di l . su lphu r i c ac id , whi l s t t h e 
cone, ac id qu ick ly forms a b lu i sh-green soln. Accord ing t o W . M u t h m a n n , a n excess 
of cone, su lphur i c ac id begins t o a c t feebly o n m o l y b d e n u m a t 160° a n d s u l p h u r 
d iox ide is evo lved ; t h e grass-green l iqu id d a r k e n s t o a n ol ive-green. If t h e t e m p . 
is n o t t o o h igh , all t h e m e t a l dissolves. If t h e t e m p , is n e a r t h e b . p . of t h e ac id , 
t h e soln. becomes b lue a n d t h e n co lour less—the d iox ide first fo rmed is ox id ized t o 
m o l y b d e n u m t r iox ide . W . E . R u d e r found t h a t su lphu r i c ac id of s p . gr . 1-30 does 
n o t a t t a c k m o l y b d e n u m a t 110° ; b u t t h a t t h e cone, ac id of sp . gr . 1-82 a t t a c k s i t 
s lowly. On ly 0 2 9 p e r cen t , loss i n w e i g h t was found af ter 18 h r s . W i t h e l e v a t e d 
t e m p . , h o w e v e r (200°—250°), t h e m e t a l dissolves r a p i d l y t o a g reen soln. , w i t h t h e 
evo lu t ion of s u l p h u r d iox ide . W . R o h n n o t e d t h a t 10 p e r cen t , cold su lphu r i c 
ac id dissolved 9-006 pe r cen t , a f ter 24 h rs . , a n d on ly 0-0015 p e r cen t , d issolved in 
t h e h o t ac id in a n hour , a n d 0-03 pe r cen t , in 24 h r s . R . H . Ad ie a d d e d t h a t t h e 
r eac t ion w i t h cone , su lphur i c ac id begins w i t h t h e evo lu t ion of gas a t 115° ; s u l p h u r 
d iox ide is g iven off a t 135°, a n d no h y d r o g e n su lph ide . A g reen solid is fo rmed . 
W . GUiertler a n d T. L i e p u s found t h a t 10 pe r cen t , su lphur i c ac id does n o t a t t a c k 
c h r o m i u m d u r i n g 48 h r s . ' exposu re ; a n d s imi lar ly w i t h 20 pe r cen t . H 2 S O 4 s a t . 
w i t h s o d i u m s u l p h a t e . C. G. F i n k f o u n d t h a t fused p o t a s s i u m hydrosu lphate 
r ead i ly a t t a c k s t h e m e t a l . 

A. V a n d e n b e r g h e o b s e r v e d n o r eac t i on b e t w e e n m o l y b d e n u m a n d n i t r o g e n ; 
I . Zschukoff sa id t h e r e is a s l ight r e a c t i o n a t 1000° , a n d H . Moissan a d d e d t h a t n o 
c o m b i n a t i o n occurs a t 1200° ; whi l s t J . F e r e e found no c o m b i n a t i o n w i t h g e n t l y -
h e a t e d , p y r o p h o r i c m o l y b d e n u m in n i t r o g e n . E . M a r t i n s t u d i e d t h e occlusion of 
n i t rogen , a n d t h e f o r m a t i o n of n i t r ides , b y t h e m e t a l . I . L a n g m u i r obse rved t h a t 
w h e n a m o l y b d e n u m filament is h e a t e d t o 2000° or 2400° in n i t r o g e n a t 0-3 m m . 
press . , t h e n i t r o g e n is al l ab so rbed . N . R . C a m p b e l l m a d e some o b s e r v a t i o n s on 
t h i s sub jec t . E . J . R. Wi l l ey m e a s u r e d t h e r a t e of d e c a y of a c t i v e n i t r o g e n in t h e 
p resence of a m o l y b d e n u m f i lament . T h e p h e n o m e n o n is d iscussed in connec t i on 
w i t h m o l y b d e n u m n i t r i d e — 8 . 49, 12. E . F . S m i t h a n d V. Oberho l t ze r found t h a t 
a m m o n i a h a s n o a c t i o n on m o l y b d e n u m a t t e m p , u p t o a r e d - h e a t . T h e ac t i on 
a t h igh t e m p , "was s t u d i e d b y C. H . K u n s m a n ; E . S. L a m e r a n d W . E . D e m i n g , 
a n d C. H . K u n s m a n a n d co-workers d iscussed t h e c a t a l y t i c effect of m o l y b d e n u m o n 
t h e decompos i t i on of a m m o n i a . W . Gruertler a n d T. L iepus obse rved n o r e a c t i o n 
d u r i n g 8 h r s . ' e x p o s u r e t o 10, 50 , a n d 70 p e r cen t . aq . a m m o n i a ; b u t C. M a t i g n o n a n d 
G. L>esplantes obse rved t h a t w h e n s h a k e n u p a t o r d i n a r y t e m p , in a flask c o n t a i n i n g 
10 c.c. of a q . a m m o n i a (1 : 4) , m o l y b d e n u m is ox id ized ; C. H . Ehren fe ld , t h a t 
m e t h y l a m i n e is also i n a c t i v e — t h e t r a c e of h y d r o g e n c y a n i d e w h i c h is fo rmed is d u e 
t o t h e decompos i t ion of t h e a m i n e ; a n d E . W . B e r g s t r o m found t h a t a soln. of 
potassamide in l iqu id a m m o n i a a c t s v e r y s lowly or n o t a t al l . Accord ing t o 
C. H . Ehrenfe ld , w h e n m o l y b d e n u m is h e a t e d in n i t rous ox ide , i t fo rms m o l y b d e n u m 
t r i o x i d e ; a n d l ikewise also w i t h nitric ox ide . E- E m i c h sa id t h a t w i t h finely-divided 
m o l y b d e n u m in n i t r i c oxide , a t t h e beg inn ing of a r ed -hea t , t h e r e a re fo rmed succes­
s ive ly MoO 2 , Mo 2 O 3 , M o 6 O 1 2 , a n d finally MoO 3 . C. H . E h r e n f e l d a lso obse rved 
t h a t i n n i t rogen peroxide, m o l y b d e n u m t r i o x i d e is fo rmed. J . F e r e e f o u n d t h a t 
p y r o p h o r i c m o l y b d e n u m glows in n i t r o g e n pe rox ide , fo rming ox ide a n d ni t r ide* 
J . J . Berze l ius , a n d C. F . Buch loz o b s e r v e d t h a t n i tr ic ac id a t t a c k s m o l y b d e n u m 
w i t h t h e d e v e l o p m e n t of n i t r o u s fumes ; w i t h a l a rge p r o p o r t i o n of ac id m o l y b d e n u m 
t r i ox ide is fo rmed ; wi th less ac id , t h e d iox ide . W . L e d e r e r sa id t h a t di l . n i t r i c a c i d 
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does n o t a t t a c k t h e m e t a l i m m e d i a t e l y in t h e cold, b u t w i t h t h e h o t ac id , t h e l iqu id is 
co loured yel low, b r o w n , a n d b lue , a n d a p r o t e c t i v e l a y e r of m o l y b d e n u m t r i ox ide 
fo rms on t h e m e t a l ; w i t h cone , n i t r i c ac id t h i s l a y e r is f o r m e d a t once—v ide supra, 
pas s ive m o l y b d e n u m . C. M o n t e m a r t i n i obse rved t h a t m o l y b d e n u m is a t t a c k e d b y 3 
t o 70 p e r cen t , ac id w i t h o u t t h e f o r m a t i o n of a m m o n i a . Cone, ac id (70 p e r cen t . ) 
a t t a c k s t h e m e t a l b u t s lowly ; a m u c h m o r e v igorous a c t i o n occurs w i t h a less cone , 
ac id (50 p e r cen t . ) , a n d a r e d d i s h soln. a n d res idue a re o b t a i n e d . T h e soln . r e d u c e s 
p e r m a n g a n a t e , so t h a t t h e m e t a l is n o t i m m e d i a t e l y c o n v e r t e d i n t o m o l y b d e n u m 
t r i ox ide b y 50 p e r cen t , acid , b u t a n i t r a t e is first fo rmed ; 70 pe r cen t , ac id a t once 
gives m o l y b d e n u m t r i ox ide . T h e q u a n t i t y of n i t r i c ox ide p r o d u c e d in t h e r e a c t i o n 
b e t w e e n n i t r i c ac id a n d m o l y b d e n u m decreases a s t h e cone, of t h e ac id increases ; 
n i t r i c p e r o x i d e is^the m a i n gaseous p r o d u c t w i t h 50 p e r cen t . ac id . N e i t h e r n i t r o g e n 
n o r n i t r o u s ox ide is fo rmed . W . G u e r t l e r a n d T . L i e p u s found t h a t IO a n d 50 p e r 
c e n t . H N O 3 h a v e n o ac t i on on m o l y b d e n u m in 8 h r s . , a n d s imi la r ly w i t h a q u a reg ia . 
W . E . R u d e r sa id t h a t cone , n i t r i c ac id of sp . gr . 1-40 dissolves m o l y b d e n u m slowly 
fo rming m o l y b d e n u m t r i o x i d e ,which depos i t s o n t h e surface of t h e m e t a l a n d r e t a r d s 
t h e a c t i o n ; b u t a m o r e d i l . ac id of s p . g r . 1-15 a t t a c k s t h e m e t a l r a p i d l y . A q u a 
reg ia dissolves t h e m e t a l r a p i d l y , p a r t i c u l a r l y w h e n h o t . W . R o h n a d d e d t h a t 10 
p e r cen t , n i t r i c ac id in t h e cold d isso lved 5-2 p e r cen t , in 24 h r s . , a n d t h e h o t acid, 
1-8 p e r cen t , in one h o u r . J . J . Berze l ius , C. F . B u c h o l z , H . Moissan , a n d 
W . L e d e r e r found t h a t m i x t u r e s of su lphu r i c , hydrof luor ic , or hyd roch lo r i c acid 
w i t h n i t r i c ac id q u i c k l y a t t a c k m o l y b d e n u m . L . M a r i n o , a n d W . E . R u d e r sa id 
t h a t m o l y b d e n u m is r a p i d l y a t t a c k e d b y h o t a q u a regia . F . W . B e r g s t r o m found 
t h a t t h e m e t a l is s l ight ly a t t a c k e d b y a soln. of a m m o n i u m n i t r a t e . W . I jederer , 
C. G. F i n k , a n d H . Moissan f o u n d t h a t fused p o t a s s i u m ni trate oxidizes m o l y b ­
d e n u m r a p i d l y t h o u g h less v io l en t ly t h a n t h e fused ch lo ra t e ; a n d s imi lar ly w i t h 
s o d i u m ni trate . Pur i f ied m o l y b d e n u m does n o t u n i t e w i t h phosphorus a t t h e 
m . p . of g lass . W h e n t h e m e t a l is gen t l y h e a t e d w i t h p h o s p h o r u s pentachlor ide , 
a vo la t i l e ch lor ide is fo rmed wh ich r a p i d l y acqu i r e s a b lue co lour w h e n exposed t o 
mo i s t a i r . Mos t m o l y b d e n u m c o m p o u n d s g ive t h i s r e a c t i o n a n d the re fo re i t m a y 
b e u sed a s a t e s t for m o l y b d e n u m . W . R o h n found t h a t a cold IO p e r cen t , of 
phosphor ic ac id d i sso lved 0 O 3 p e r cen t , of m o l y b d e n u m in 24 h r s . , a n d t h e h o t ac id , 
0-009 p e r cen t , in one h o u r . W . G u e r t l e r a n d H . S c h a c k f o u n d t h a t if a rod of 
m o l y b d e n u m b e p l aced in a m a s s of fused a n t i m o n y tr isulphide, i t dissolves t o t h e 
d i su lph ide l i b e r a t i n g a n eq . q u a n t i t y of a n t i m o n y . 

H . Moissan obse rved t h a t w h e n a m i x t u r e of m o l y b d e n u m a n d boron is h e a t e d 
in t h e e lect r ic fu rnace , a c rys ta l l ine bo r ide is fo rmed ; a n d s i l i con, u n d e r s imilar 
cond i t ions , furn ishes a c rys ta l l ine sil icide. W h e n t h e m e t a l is h e a t e d w i t h carbon 
a t a b o u t 1500°, i t u n d e r g o e s c e m e n t a t i o n , a n d b e c o m e s h a r d e n o u g h t o s c r a t c h 
glass , a n d if h e a t e d a t 30O ° a n d s u d d e n l y cooled in w a t e r , i t b ecomes b r i t t l e a n d 
will st i l l s c r a t c h glass . If ca rbon i fe rous m o l y b d e n u m is h e a t e d w i th t h e d iox ide , 
a t a t e m p , m u c h be low i t s m . p . , t h e c a r b o n is r e m o v e d . T h e p h e n o m e n o n is sa id 
t o be connec ted w i t h t h e vo l a t i l i t y of t h e ox ide . T h e r eac t ion w i t h c a r b o n was also 
s t u d i e d b y G. T a m m a n n a n d K . S c h o n e r t , A. W e s t g r e n a n d Gr. P h r a g m e n , T . Take i , 
a n d K . N i schk—v ide c a rb ides . W . Lede re r a lso o b s e r v e d t h a t m o l y b d e n u m 
b e c o m e s h a r d e r w h e n h e a t e d w i t h c a r b o n , a n d t h a t gaseous hydrocarbons a re 
d e c o m p o s e d w i t h t h e s e p a r a t i o n of c a r b o n . S. H i l p e r t a n d M. O r n s t e i n found t h a t 
t h e ca rb ide is formed w h e n t h e p o w d e r e d m e t a l is h e a t e d a t 600°—1000° in a m i x t u r e 
of h y d r o g e n a n d m e t h a n e ( 1 : 1 ) ; E . F . S m i t h a n d V. Obe rho l t ze r found t h a t 
c a r b o n m o n o x i d e h a s n o a c t i o n on m o l y b d e n u m a t a r e d - h e a t ; b u t S. H i l p e r t a n d 
M . O r n s t e i n o b t a i n e d t h e ca rb ide Mo 2 C b y h e a t i n g t h e p o w d e r e d m e t a l in a n a t m . 
of c a r b o n m o n o x i d e , a n d J . F e r e e found t h a t c a r b o n m o n o x i d e a c t s on py ropho r i c 
m o l y b d e n u m w i t h a s l igh t r ise of t e m p . , a n d a s u d d e n g lowing of t h e m e t a l w i t h 
t h e a b s o r p t i o n of o x y g e n a n d t h e s e p a r a t i o n of c a r b o n . A . V a n d e n b e r g h e obse rved 
t h a t m o l y b d e n u m ( a n d i t s lower oxides) r e d u c e s carbon dioxide, forming c a r b o n 
m o n o x i d e ; t h e r e a c t i o n is revers ib le : M o - f - 3 C 0 2 ^ 3 C O - f - M o 0 3 , s ince, u n d e r 
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s u i t a b l e cond i t ions , t h e t r i o x i d e is r e d u c e d t o t h e m e t a l b y c a r b o n m o n o x i d e . 
J . F e r e e f o u n d t h a t p y r o p h o r i c m o l y b d e n u m a t o r d i n a r y t e m p , a c t s o n c a r b o n 
d i o x i d e w i t h a s l ight r ise of t e m p . W . G u e r t l e r a n d T . L i e p u s o b s e r v e d n o a c t i o n 
o n m o l y b d e n u m b y w a t e r s a t . w i t h c a r b o n d iox ide d u r i n g 8 h r s / e x p o s u r e . S. M e d s -
fo r th s t u d i e d t h e a c t i o n of m o l y b d e n u m o n t h e n icke l c a t a l y s t in t h e h y d r o g e n a t i o n 
of c a r b o n m o n o x i d e or d iox ide ; a n d A . K o r c z y n s k y , in r e a c t i o n s w i t h o r g a n i c 
c o m p o u n d s . E . F . S m i t h a n d V . O b e r h o l t z e r o b s e r v e d t h a t a t 150° t o 2 0 0 ° , 
carbonyl chlor ide fo rms a l i qu id s u b l i m a t e w h i c h y ie lds a g e l a t i n o u s m a s s o n cool ing 
— i t is a m i x t u r e of MoOCl 4 a n d Mo(CO)Cl 4 . C. B e i n d l u s e d m o l y b d e n u m 
as c a t a l y s t in t h e s y n t h e s i s of h y d r o c y a n i c ac id f r o m n i t r o g e n , h y d r o g e n , a n d 
c a r b o n m o n o x i d e ; a n d O. S c h m i d t , a n d R . H o c a r t , as a h y d r o g e n a t i o n c a t a l y s t . 
W . G u e r t l e r a n d T . ILiepus o b s e r v e d n o r e a c t i o n d u r i n g 48 h r s . ' e x p p s u r e of t h e m e t a l 
t o soln . of c i tric ac id a n d tartaric ac id . E . W . E n g l e sa id t h a t m o l y b d e n u m is 
m a r k e d l y a t t a c k e d b y t h e w e a k e r o rgan ic ac ids . W . R o h n a d d e d t h a t a f te r 24 h r s . ' 
a c t i o n b y cold 10 p e r cen t , ace t i c ac id , 0-02 p e r cen t , of m e t a l w a s dissolved ; 
wh i l s t 0 0 0 3 p e r cen t , d i sso lved in t h e h o t ac id in a n h o u r . 

T h e a l loys of m o l y b d e n u m -with t h e m e t a l s a re d i scussed be low. J . J . Berze l ius , 
a n d C. F . B u c h o l z f o u n d t h a t a boi l ing soln. of p o t a s s i u m hydrox ide does n o t 
oxid ize m o l y b d e n u m ; w h i l s t t h e fused h y d r o x i d e s lowly a t t a c k s t h e m e t a l , a n d , 
a c c o r d i n g t o J . v o n L ieb ig , c o n v e r t s i t i n t o t h e t r i o x i d e . W . G u e r t l e r a n d T . L i e p u s 
o b s e r v e d n o r e a c t i o n w i t h less t h a n 8 h r s . ' e x p o s u r e t o 10 a n d 5O p e r c e n t . N a O H . 
H . K u e s s n e r f o u n d t h a t m o l y b d e n u m goes i n t o soln. anod ica l l y in i V - K O H as 
s e x i v a l e n t m o l y b d e n u m , a n d a t l ow t e m p , s o m e o x y g e n is evo lved . W . E . R u d e r 
obse rved n o a c t i o n b y soln . of p o t a s s i u m h y d r o x i d e , b u t t h e m e t a l is so luble in 
t h e fused a lka l i . M. L e b l a n c a n d O. W e y l o b s e r v e d t h a t b e t w e e n 550° a n d 660° 
fused p o t a s s i u m h y d r o x i d e h a s a s l ight a c t i o n on fused p o t a s s i u m h y d r o x i d e , f o r m i n g 
t r a c e s of p o t a s s i u m a n d h y d r o g e n . 

E . E . S m i t h a n d co -worke r s o b s e r v e d t h a t m o l y b d e n u m p r e c i p i t a t e s c o p p e r 
i n c o m p l e t e l y f rom soln. of copper sa l t s . A c c o r d i n g t o H . Moissan , s i lver fluoride 
r e a c t s w i t h m o l y b d e n u m w i t h o u t fo rming vo la t i l e p r o d u c t s . J . S. de Bennev i l l e 
obse rved t h a t m o l y b d e n u m dissolves in a soln. of s i lver n i trate w i t h t h e s e p a r a t i o n 
of si lver, a n d , a d d e d E / E . S m i t h a n d co -worke r s , t h e soln. b e c o m e s t u r b i d owing 
t o t h e s e p a r a t i o n of m o l y b d i c ac id . T h e t u r b i d i t y is n o t p r o d u c e d w i t h a n a m m o n i -
aca l soln. of s i lver ox ide or ch lo r ide . T h e r e a c t i o n is q u a n t i t a t i v e , one g r a m - a t o m 
of m o l y b d e n u m p r e c i p i t a t e s s ix g r a m - a t o m s of s i lver . H e n c e , i n t h e case of 
ch lor ide , t h e d a r k b r o w n soln. m u s t c o n t a i n m o l y b d e n u m h e x a c h l o r i d e . T h i s is 
a lso fo rmed w i t h a soln. of go ld ch lor ide , for a g r a m - a t o m of m o l y b d e n u m prec i ­
p i t a t e s t w o g r a m - a t o m s of gold . H . Moissan f o u n d t h a t solid z i n c fluoride r e a c t s 
w i t h m o l y b d e n u m w i t h o u t fo rming a vo l a t i l e p r o d u c t . Acco rd ing t o E . F . S m i t h 
a n d co-workers , soln . of c a d m i u m sa l t s a r e n o t affected b y m o l y b d e n u m . M o l y b ­
d e n u m reduces a n e u t r a l soln. of m e r c u r i c chlor ide t o m e r c u r o u s ch lor ide a n d 
e v e n t u a l l y t o m e r c u r y . W . G u e r t l e r a n d T . L.iepus o b s e r v e d t h a t a 1 : 500 m e r c u r i c 
ch lor ide soln. a t 90° is s t ab l e w i t h m o l y b d e n u m ; wh i l s t a m a g n e s i u m chloride so ln . 
does n o t a t t a c k t h e m e t a l in 8 h r s . H . Moissan o b s e r v e d t h a t t h e r e a c t i o n w i t h 
l ead fluoride r e sembles t h a t w i t h s i lver f luoride. E . E . S m i t h a n d co -worke r s 
obse rved n o r e a c t i o n w i t h ac id ic , n e u t r a l , o r a lka l ine soln. of l ead sa l t s ; n o r 
is t h e r e a n y r e a c t i o n w i t h b i s m u t h sa l t s . E . F . S m i t h a n d H . C. B u r r , a n d 
C. H . E h r e n f e l d f o u n d t h a t m o l y b d e n u m r e d u c e s ferric chlor ide t o t h e fe r rous sa l t , 
a n d f rom t h e a m o u n t of i r on r e d u c e d i t follows t h a t t h e m o l y b d e n u m fo rms t h e 
hexach lo r ide . E . F . S m i t h o b s e r v e d a p a r t i a l r e d u c t i o n t o m e t a l w i t h soln. of 
platinum, palladium, and rhodium salts. 

S o m e reac t ions o l ana ly t i ca l in teres t . G e n e r a l o b s e r v a t i o n s o n t h e ana ly s i s 
of m i x t u r e s c o n t a i n i n g m o l y b d e n u m w e r e m a d e b y A. A . N o y e s a n d W . C. B r a y , 2 

a n d E . K n o e v e n a g e l a n d E . E b l e r . A cone . soln. of a n a lka l i m o l y b d a t e g ives a 
w h i t e p r e c i p i t a t e w h e n t r e a t e d w i t h d i lu te ac ids . T h e p r e c i p i t a t e is so luble in 
excess . Accord ing t o F . v o n K obe l i , 3 O. M a s c h k e , a n d L* S c h o n n , if a t r a c e of 
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a m o l y b d e n u m sa l t m i x e d w i t h cone, sulphuric acid is e v a p o r a t e d nea r ly t o d r y ­
ness t h e m a s s is coloured in tense ly b lue . If a n t i m o n y or t i n be p r e s e n t , t h e m i x t u r e 
should b e first e v a p o r a t e d t o d rynes s wi th phosphor ic ac id before h e a t i n g i t w i t h 
su lphur ic ac id . P . T r u c h o t a d d e d t h a t if v a n a d i c acid be p re sen t , a g reen colour 
m a y be p roduced . If t h e m o l y b d e n u m soln. be t r e a t e d w i th h y d r o g e n sulphide, 
t h e l iqu id becomes b lue , a n d m o l y b d e n u m t r i su lph ide is g r adua l ly p r e c i p i t a t e d 
as a b rownish -b lack solid wh ich forms a b r o w n soln. w i t h a lkal i or a m m o n i u m 
su lph ide . T h e t r i su lph ide is r ep rec ip i t a t ed b y acids . T h e m o l y b d e n u m su lph ide 
is oxidized b y h o t su lphur ic or n i t r ic ac id , or b y roas t ing in air , t o wh i t e m o l y b d e n u m 
t r iox ide . M o l y b d e n u m su lph ide is n o t a t t a c k e d b y a soln. of oxalic acid whe rea s 
t i n su lph ide is dissolved. H y d r o g e n a n d a m m o n i u m sulphides a c t s imilar ly on 
sa l t s of t h e lower ox ides ; a n d , i t m i g h t be a d d e d , t h e sa l t s of t h e lower oxides 
furnish precipitates with alkali hydroxides and carbonates which are soluble in 
a n excess of t h e c a r b o n a t e soln. As s h o w n b y E . Doh le r , 4 E . H . Miller, e tc . , t h e 
p rec ip i t a t i on of m o l y b d e n u m as su lph ide from acidic soln. b y h y d r o g e n su lph ide 
a t m . press , is imper fec t . If t h e soln. be s a t . w i t h h y d r o g e n su lph ide a n d h e a t e d 
in a sealed bo t t l e on a w a t e r - b a t h , t h e p r e c i p i t a t i o n is c o m p l e t e . If a soln. of a 
m o l y b d a t e be t r e a t e d w i t h a reducing agent—e.g. , z inc a n d hydroch lo r i c or sul­
p h u r i c acid, s t a n n o u s chlor ide, m e r c u r o u s n i t r a t e , fer rous s u l p h a t e , sod ium h y p o -
p h o s p h i t e , s u l p h u r d ioxide , e t c . — t h e l iquid is coloured b lue , t h e n green , a n d finally 
b r o w n . L,. A. M u n r o found t h a t t h e r eac t ion w h e n used as a t e s t for t i n in s t a n n o u s 
chlor ide is sensi t ive t o 1 : 1,423,000. Accord ing t o E . K a f k a , 5 if t o t h e n e u t r a l soln. 
of e i ther c o m p o u n d is a d d e d a d r o p of sa t . soln. of m e r c u r o u s n i t r a t e , t h e n 1 c.c. 
of cone, hydroch lo r i c acid, a n d fu r the r a n excess of p o t a s s i u m iodide, a p r ec ip i t a t e of 
m e r c u r o u s iodide will form a n d redissolve, m e r c u r y will depos i t , a n d t h e s u p e r n a t a n t 
l iquid will g r a d u a l l y t u r n b l u e — v e r y dil . soln. of m o l y b d i c ac id a re , however , 
n o t affected. T o d i s t inguish b e t w e e n t u n g s t e n a n d m o l y b d e n u m , p o t a s s i u m 
t h i o c y a n a t e is a d d e d , w h e n in t h e case of m o l y b d e n u m t h e b lue colour will c h a n g e 
t o b lood-red . If po tas s ium th iocyanate be a d d e d t o a n acidic soln. of a m o l y b ­
d e n u m sal t , t he r e is n o pe rcep t ib le change , b u t if t h e soln. be t h e n t r e a t e d w i t h 
zinc, s t a n n o u s chlor ide soln. or h y d r o g e n su lph ide , 6 a b lood- red co lora t ion a p p e a r s . 
Unl ike t h e case w i t h i ron, t h i s co lora t ion occurs in t h e presence of phosphor i c acid . 
T h e presence of t a r t a r i c a n d o the r o rganic acids h inde r s t h e r eac t ion . If t h e r ed 
soln. be s h a k e n w i t h e ther , t h e coloured c o m p o u n d passes f rom t h e a q . t o t h e 
e the rea l layer . A few d rops of a soln. of sod ium phosphate a d d e d t o a n i t r i c acid 
soln. of a m o l y b d a t e slowly furnishes a yel low p rec ip i t a t e of a m m o n i u m p h o s p h o -
m o l y b d a t e . The p rec ip i t a t ion occurs m o r e qu ick ly w i t h h o t soln. Arsena te s 
p r o d u c e a n ana logous p rec ip i t a t ion . Sa l t s of t h e lower oxides also give p rec ip i t a t e s 
w i t h a lkal i p h o s p h a t e . Accord ing t o M. Siewert , m o l y b d e n u m c o m p o u n d s give 
a red or p l u m coloured r eac t ion w i t h xanth ic acid. S. L . MaIowan r e c o m m e n d e d 
a P p l y i n g t h e t e s t a s follows : Abso lu t e alcoholic p o t a s h is s h a k e n w i t h excess of 
c a r b o n d isu lphide un t i l n o m o r e of t h e l a t t e r is dissolved. To t h e soln. so ob ta ined , 
30 pe r cent , ace t ic ac id is a d d e d u n t i l i t shows a s l ight yel low t u r b i d i t y , a n d t h e 
r e a g e n t is a d d e d d r o p b y d r o p t o t h e soln. t o be t e s t ed . If m o l y b d e n u m is p resen t , 
a n in t ense red colour develops , wh ich is qu i t e s t ab l e in w a t e r , a n d t h e in tens i ty 
of which is p ropo r t i ona l t o t h e q u a n t i t y of m o l y b d e n u m p r e s e n t . T h e sensi t iveness 
of t h e reac t ion is such t h a t 0-000005 g r m . of m o l y b d e n u m in 0-0007 pe r cen t . soln. 
can be de t ec t ed wi th c e r t a i n t y in presence of o t h e r e l ements . T h e coloured p r o d u c t 
is r ead i ly soluble in e t h y l or a m y l alcohol , e the r , or chloroform, less easily in 
p e t r o l e u m a n d benzene . I t is r ead i ly e x t r a c t e d f rom i t s reddish-v io le t e therea l soln. 
b y alkal ies , f rom wh ich ac ids p r e c i p i t a t e i t . T h e e the rea l soln. decomposes on keep­
ing, w i t h fo rma t ion of m o l y b d e n u m su lph ide . T h e r eac t ion is n o t given by 
v a n a d i u m , t u n g s t e n , t i t a n i u m , or u r a n i u m ; c h r o m a t e s give a d a r k colorat ion 
w i t h x a n t h i c acid, a n d shou ld be reduced , if p r e sen t , before t h e t e s t is m a d e . The 
r eac t ion c a n be used for t h e co lor imet r ic e s t i m a t i o n of m o l y b d e n u m , t h e coloured 
p r o d u c t be ing e x t r a c t e d w i t h a m i x t u r e of 65 pe r cen t , e the r a n d 35 per cent , l ight 
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p e t r o l e u m , a n d a m i x t u r e of 30 p e r c e n t , e t h e r a n d 70 pe r cen t , l igh t p e t r o l e u m 
used for d i lu t ion for c o m p a r i s o n w i t h t h e s t a n d a r d soln. If p u r e e t h e r is used , 
decompos i t i on t a k e s p lace t o o r a p i d l y for a c c u r a t e d e t e r m i n a t i o n s t o be m a d e . 
T h e process w a s s t u d i e d b y J . K o p p e l , 7 a n d D . H a l l . N e u t r a l soln. of m o l y b d a t e s 
give wi th mercurous ni trate a w h i t e p r e c i p i t a t e soluble in n i t r i c ac id ; l ead ace ta te 
prec ip i t a t e s w h i t e l e a d m o l y b d a t e so luble in n i t r i c ac id ; p o t a s s i u m f e n o y c a n i d e , 
in a soln. acidified w i t h h y d r o c h l o r i c ac id , gives a r e d d i s h - b r o w n p r e c i p i t a t e . 
Sa l t s of t h e lower ox ides a lso g ive p r e c i p i t a t e s w i t h p o t a s s i u m fe r rocyan ide a n d 
fe r r i cyan ide . E . Lecocq o b t a i n e d a n indigo-vio le t co lo ra t ion 'with a n a lcohol ic 
soln. of d iphenylcarbazide ; L>. Spiegel a n d T. A. Maass , a n d M. E . Pozz i -Esco t , a 
wine- red co lo ra t ion w i t h a n ace t ic ac id soln. of phenylhydraz ine ; L . L e v y o b s e r v e d 
a n u m b e r of co lour r e a c t i o n s w i t h a lkalo ids ; E . K e d e s d y , a n d M. E . Pozz i -Esco t , 
a b r o w n colour w i t h t a n n i n ; a n d m a n y o t h e r colour r e a c t i o n s w i t h o rgan ic s u b ­
s t a n c e s h a v e been r e p o r t e d . F . S te id le r s t u d i e d t h e colours p r o d u c e d b y m o l y b ­
d e n u m sa l t s on s i lk d i p p e d in t u r m e r i c or a -n i t roso- j8-naphthol w i t h a v iew t o 
t h e m i c r o d e t e c t i o n of t h e e l emen t . J . H . MuIler 8 found t h a t sa l icy l ic ac id g ives 
a ye l low co lo ra t ion b u t n o p r e c i p i t a t e w i t h soln. of t h e a lka l i m o l y b d a t e s . 
H . J . H . F e n t o n obse rved a r e d or b r o w n colour is p r o d u c e d b y m o l y b d a t e s a n d 
dihydroxymale ic ac id; a n d J . H . de Boer , a v io le t co lo ra t ion w i t h a l i zar insulphonic 
ac id . L ike t i t a n i c ac id soln. , m o l y b d a t e s give a yel lowish colour w i t h hydrogen 
dioxide. 

S o m e u s e s of m o l y b d e n u m . — S e v e r a l p a t e n t s h a v e b e e n t a k e n for t h e use of 
m o l y b d e n u m f i laments in t h e i n c a n d e s c e n t l a m p i n d u s t r y . 9 T h e Gebr i ider S iemens 
u . Co. u sed m o l y b d e n u m as a n ing red ien t in t h e p r e p a r a t i o n of a rc - l igh t e lec t rodes . 
P r e p a r a t i o n s of m o l y b d e n u m h a v e b e e n r e c o m m e n d e d in p h o t o g r a p h i c w o r k ; 1 0 

in dye ing 1X s i lks, woollens , a n d l e a t h e r , 1 2 a n d r u b b e r ; in t h e p r e p a r a t i o n of b l u e 
co lou r s , 1 3 a n d for p r o d u c i n g r ed a n d yel low p o t t e r y glazes a n d glasses 1 4 for colour­
i n g art if icial e m e r a l d s ; 1 5 a n d as a c a t a l y t i c a g e n t in chemica l ope ra t i ons 1 6 m o l y b d i c 
ac id h a s b e e n t r i e d a s a depolar iz ing a g e n t in p l ace of n i t r i c ac id ; 1 7 v a r i ous c o m ­
p o u n d s a r e u s e d as chemica l r e a g e n t s ; a n d as a p r e s e r v a t i v e for smokeless p o w d e r 
in h o t c l i m a t e s . 1 8 M o l y b d e n u m t r i su lph ide h a s been r e c o m m e n d e d a s a solder for 
l a m p - f i l a m e n t s . 1 9 M o l y b d e n i t e is u sed as a rectifier in wireless t e l e g r a p h y . Molyb­
d e n u m wire h a s b e e n r e c o m m e n d e d a s res i s tance wire in e lectr ic fu rnaces . 2 0 I t is 
u s e d as a s u b s t i t u t e for p l a t i n u m a n d p l a t i n u m - i r i d i u m al loys 2 1 in v a r i o u s m a k e -
a n d - b r e a k c o n t a c t devices ; in d e n t i s t r y ; in t h e m a n u f a c t u r e of X - r a y t u b e s ; 
a n d as a wire for s u p p o r t i n g t h e filaments of i n c a n d e s c e n t l a m p s , 2 2 a n d as a s u p p o r t 
for r e f r ac to ry m a t e r i a l s . 2 3 T h e m o s t i m p o r t a n t app l i ca t ion of m o l y b d e n u m is in 
t h e p r e p a r a t i o n of a l loys , a n d p a r t i c u l a r l y of special s t e e l s — m o l y b d e n u m s tee ls . 
W h e n c o m p a r e d wi th o t h e r a l loy-s teels , a n d t e m p e r e d b y h e a t t o t h e s a m e tens i le 
s t r e n g t h , A . H . H u n t e r 2 4 s a id t h a t m o l y b d e n u m steels h a v e a s l igh t ly h ighe r 
e las t ic l imi t , a n d e las t ic r a t i o ; a h ighe r e longa t ion or g r e a t e r duc t i l i t y ; a n d a 
h i g h e r r e d u c t i o n of a r e a or g r e a t e r t o u g h n e s s . T h e m o l y b d e n u m steels a r e u s e d 
for m o t o r - c a r f rames , shaf t s , a n d r o d s for mo to r - ca r s , a n d ae rop l anes ; h igh -
p res su re boi le r -p la tes , l in ings for b ig -guns ; rifle ba r re l s ; a r m o u r p l a t e a n d a r m o u r -
p ie rc ing pro jec t i les ; s tee l -bal ls for g r i n d i n g mil ls ; p e r m a n e n t m a g n e t s ; e t c . 
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§ 6. The Atomic Weight and Valency of Molybdenum 
The va lency of m o l y b d e n u m has been discussed b y H . Kauffmanu. 1 In many 

ways the va lency of molybdenum is analogous with that of chromium. The 
e lement appears t o be bivalent in the dichloride, but , according to W. Muthmann 
and W. Nagel , this va lency is disguised b y the polymerization of the salt to Mo3Cl6 . 
Molybdenum is probably tervalent in Mo 2O 3 , Mo(OH)3 , MoCl3, etc. G. Carobbi 
discussed the isomorphism of tervalent iron and molybdenum salts. According to 
A. Rosenheim, the complex th iocyanate , Mo(SCy) 3 .3KSCy.4H 2 O, is analogous to 
the corresponding chromium salt. I t is probable that the e lement is quadrivalent 
in the dioxide, MoO 2 ; the tetrachloride, MoCl4 ; the complex oxalates of 
H . M. Spittle and W. Wardlaw ; and the MoCl4 .6PyHCl of J. Sand and 
A. K. H. Burger. When MoCy 4 . 4KCy.2H 2 O is t itrated with potass ium per­
manganate , A. Rosenheim said t h a t i t consumes as much o x y g e n as if t h e salt 
were quinquevalent . The e lement is quinquevalent in MoCl6, in the complex 
salt MoOC]3.2RbCl, and in the oxide Mo 2 O 5 of P . Klason, and I. Nbrdenskjold. 
In the mo lybdenum hexafluoride of O. Ruff and F . Eisner, the e lement is probably 
sexivalent, and this is possibly also the case wi th the compounds MoOF 4 and MoO 2 F 2 , 
as wel l as w i th the trioxide, MoO3 , and the molybdates . W. Muthmann and 
W. Nage l also consider tha t the e lement is sexivalent in the permolybdates , but , 
possibly, i t is sept ivalent in these compounds—v ide infra. L. Paul ing discussed 
the co-ordination number. 
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M o l y b d e n u m c o m p o u n d s were a n a l y z e d b y M. H . K l a p r o t h , 2 a n d C. F . Bucho lz , 
a n d f rom t h e s e resu l t s , J . J . Berze l ius infer red t h a t t h e su lph ide h a s t h e m o l . r a t i o 
Mo : S = I : 2, a n d m o l y b d i c a n h y d r i d e Mo : O = I : 3 , u s ing t h e p r e s e n t - d a y s y s t e m 
of a t . w t s . H e also sa id t h a t c h r o m i c a n d m o l y b d i c a n h y d r i d e s h a v e a s imi la r 
compos i t i on . Th i s conc lus ion m a k e s t h e a t . w t . of m o l y b d e n u m a p p r o x i m a t e 
t o 96. Th i s is i n a g r e e m e n t w i t h H . D e b r a y ' s o b s e r v a t i o n o n t h e d e n s i t y 
of m o l y b d e n u m p e n t a c h l o r i d e , a n d of A . V a n d e n b e r g h e on t h e v a p . d e n s i t y of 
m o l y b d e n u m t r i ox ide . I t is a lso in a g r e e m e n t w i t h W . M u t h m a n n a n d W . N a g e l ' s 
o b s e r v a t i o n s on t h e m o l . w t . of Mo 3 Cl 6 f rom i t s eifect o n t h e b . p . of a lcohol ; a n d 
w i t h A. V a n d e n b e r g h e ' s o b s e r v a t i o n on t h e mo l . w t . of t h e pen t ach lo r i de f rom i t s 
effect on t h e b . p . of c a r b o n t e t r a c h l o r i d e , a n d w i t h t h e mo l . w t . of M o O ( O H ) 2 C i 2 
f rom i t s effect o n t h e b . p . of a lcohol , a c e t o n e , a n d e the r . T h e a t . w t . 96 also fits 
in w i t h t h e sp . h t . ru le a t o r d i n a r y t e m p . — v i d e supra ; i t also fits in w i t h t h e 
i s o m o r p h i s m obse rved b y J . G. Gente le , a n d R . F u n k w i t h t h e s u l p h a t e s , c h r o m a t e s , 
se lena tes , a n d m o l y b d a t e s , a n d t h e i s o m o r p h i s m o b s e r v e d b y F . Ul l ik w i t h t h e 
a m m o n i u m m a g n e s i u m c o m p l e x sa l t s ; w i t h t h e chemica l e q u i v a l e n t obse rved by 
K. F . S m i t h in t h e p r e c i p i t a t i o n of s i lver or gold sa l t s b y m o l y b d e n u m ; a n d w i t h 
t h e e lec t rochemica l e q u i v a l e n t o b s e r v e d b y Ju. Mar ino , a n d H . K u e s s n e r . T h e 
pos i t ion ass igned t o m o l y b d e n u m in t h e pe r iod ic t a b l e of a t . w t s . is also in h a r m o n y 
w i t h t h e a t . w t . 96 ; a n d t h e s a m e r e m a r k app l ies t o t h e a t . n u m b e r o b t a i n e d b y 
H . G. J . Moseley, a n d J . M a i m e r f rom t h e f r equency of t h e X - r a y spec t r a l r a y s . 

F o r t h e a t . w t . of m o l y b d e n u m , J . J. Berze l ius c a l c u l a t e d 95 f rom t h e r a t i o 
P b ( N O g ) 2 : P b M o O 4 . I n 1837, H . Hose m a d e a n u n s a t i s f a c t o r y a t t e m p t t o ca l cu la t e 
t h e a t . w t . f rom t h e r a t i o Mo : 5Cl ; M. D e l a f o n t a i n e also o b t a i n e d s o m e unsa t i s fac ­
t o r y resu l t s in 1865. JL. v o n Meyer ca l cu l a t ed 96*2 f rom Ju. P . L iech t i a n d B . K e m p e ' s 
ana ly se s of t h e m o l y b d e n u m chlor ides . I n 1848, L . F . S v a n b e r g a n d H . S t r u v e 
ca l cu l a t ed 92 f rom t h e r a t i o M o O 8 : CO 2 ; a n d 93 t o 95 f rom t h e r a t i o M o S 2 : MoO 3 . 
N . J . Ber l in o b t a i n e d 96-5 f rom t h e r a t i o 3 ( N H J 2 M o O 4 . 4 H 2 M o O 4 : M o O 3 ; O. F . v o n 
de r P f o r d t e n , 96-1 f rom t h e r a t i o 3 ( IS rH 4 ) 2 Mo0 4 . 4H 2 Mo0 4 : M o ; F . F . S m i t h a n d 
P . Maas , 96-03 f rom t h e r a t i o N a 2 M o O 4 : 2NaCl ; a n d K . S e u b e r t a n d W . Po l l a rd , 
95-92 from t h e r a t i o 2AgCl : MoO 3 . J . B . A. D u m a s ca l cu l a t ed f rom t h e r a t i o 
Mo : MoO 3 , 95-9 ; H . D e b r a y , 95-4 ; C. F . R a m m e l s b e r g , 96-2 ; K . S e u b e r t a n d 
W. Po l l a rd , 95-97 ; A. V a n d e n b e r g h e , 96-06 ; a n d J . H . Miiller, 96-02 t o 96-05. 
F . W . Clarke c o m p u t e d 96-029 for t h e b e s t r e p r e s e n t a t i v e v a l u e for d a t e u p t o 
1910 ; a n d J . Meyer , 96-04 u p t o 1919. T h e I n t e r n a t i o n a l T a b l e for 1926 g a v e 96 
for t h e b e s t r e p r e s e n t a t i v e v a l u e . 

T h e a t o m i c n u m b e r is 42 . F . W . A s t o n 3 f o u n d t h a t m o l y b d e n u m h a s seven 
i so topes w i t h m a s s n u m b e r s , a n d a p p r o x i m a t e p r o p o r t i o n s r e spec t ive ly 92 a n d 14-2 ; 
94 a n d 1 0 0 ; 95 a n d 15-5 ; 96 a n d 17-8 ; 97 a n d 9-6 ; 98 a n d 2 3 0 ; a n d 100 a n d 
9-8. T h e p a c k i n g f rac t ions of M o 9 8 a n d M o 1 0 0 a re b o t h a p p r o x i m a t e l y —5-5 g iv ing 
a n a t . w t . of 95-97. M. G e r b e r cons iders t h a t h is n e o m o l y b d e n u m — v i d e supra— 
is a n i so topic fo rm. N . B o h r ' s v i ew of t h e e lectronic s tructure is symbol i zed 
(2) for t h e K-she l l ; (4, 4) for t h e L-shel l ; (6, 6, 6) for t h e M-shell ; (4, 4, 4) for t h e 
N-she l l ; a n d (2) for t h e O-shell . T h e sub jec t w a s s t u d i e d b y O. Feussne r , 
R . L a d e n b u r g , H . L e s s h e i m a n d R . S a m u e l , C. I ) . N i v e n , J . N . F r e r s , J . D . M. S m i t h , 
a n d E . C. S t o n e r . A c c o r d i n g t o E . R u t h e r f o r d a n d J . Chadwick , a n d H . P e t t e r s s o n 
a n d G. K i r sch , t h e a t o m i c d isrupt ion of m o l y b d e n u m b y ot-particles h a s n o t y e t 
been p r o v e d . T h e s u b j e c t w a s d i scussed b y Gr. I . P o d r o w s k y . 
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§ 7. Alloys and Intermetallic Compounds of Molybdenum 
Alloys of m o l y b d e n u m wi th some of t h e meta l s have been p r e p a r e d b y t h e 

fusion of t h e mixed meta ls , b y reducing t h e mixed oxides in t h e electric furnace 
(C. L . Sa rgen t *), or b y t h e a lumino- the rmi te process (A. S t a v e n h a g e n a n d 
E . Schuchard ) . 

Xi. RoIIa a n d Gr. P iccard i s tud ied t he ionizat ion p roduced b y m i x t u r e s of 
m o l y b d e n u m a n d sodium. L,. P . H a m i l t o n a n d E . F . Smi th r epor t ed t h a t a 

m o l y b d e n u m a n d copper al loy can be formed b y 
hea t i ng a m i x t u r e of t h e t w o meta l s in a n electr ic 
furnace a t 1600°, b u t t he i r p r o d u c t con ta ined 78-53 
per cent . C u ; 8-53, M o ; 2-71, F e ; 2*42, C ; a n d 
8-02, gangue . W. Ledere r also p repa red cupro-
m o l y b d e n u m as ind ica ted above , b u t C. L . Sa rgen t 
could n o t ge t copper t o al loy d i rec t ly w i th mo lyb ­
d e n u m . According t o Lr. F . Dreibholz , if purified 
m e t a l s a re employed no alloy is formed. T h e 
e lements a r e immiscible . H e considers t h a t t h e 
t h e r m a l d i a g r a m of t h e two e lements h a s t h e form 
shown in F ig . 8 . L . J o r d a n a n d co-workers ob­
served t h a t Silver does n o t alloy wi th m o l y b d e n u m ; 
b u t , a d d e d L.. F . Dreibholz , a t 1600°, i t m a y dis­
solve a b o u t 5 pe r cent , of m o l y b d e n u m — t h i s is re ­
jec ted d u r i n g solidification. There is no evidence 
of m o l y b d e n u m dissolving silver a t 1600° ; a t th i s 
t e m p . , globules of m o l y b d e n u m float i n t h e silver. 

S imi lar ly w i t h gold, L . F . Dreiholz observed t h a t a l i t t le m o l y b d e n u m m a y be dis­
solved a t 1500°, b u t on solidification t h e m o l y b d e n u m is re jected. N o alloys w i th 
t h e a lkal ine earths, or wi th beryl l ium h a v e been p repa red . N . J . Tram found 
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t h a t m a g n e s i u m r eac t s explos ively w h e n h e a t e d wi th m o l y b d e n u m t r iox ide , a n d h e 
a d d e d t h a t t h e p r o d u c t develops hyd rogen w h e n t r e a t e d w i t h wa t e r . Alloys of 
m o l y b d e n u m a n d z inc , or w i t h c a d m i u m , h a v e n o t been formed. G. T a m m a n n 
a n d J . H i n m i b e r found t h e solubi l i ty of m o l y b d e n u m in m e r c u r y t o b e t o o 
smal l £or m e a s u r e m e n t . A. S. Russe l l a n d co-workers found t h a t b e t w e e n 1 0 ~ 5 t o 
5 X 10 5 g r m . pe r g r a m of m e r c u r y passes i n to soln. a t r oom t e m p . G. T a m m a n n 
a n d J . Hinn i ibe r , A. Chilesot t i , a n d R . B . Myers o b t a i n e d m o l y b d e n u m a m a l g a m s 
b y t h e electrolysis of acidic soln. of mo lybd ic ac id w i t h a m e r c u r y c a t h o d e . Accord­
ing t o J . Feree , hydroch lor ic ac id of sp . gr . 1-18, sa t . w i t h mo lybd ic acid, is d i l u t ed 
w i t h n ine t imes i t s vol . of wa te r , a n d e lec t ro lyzed w i t h a m e r c u r y c a t h o d e a n d a 
p l a t i n u m anode , t h e c u r r e n t be ing a b o u t 5 a m p e r e s for each sq. cm. of m e r c u r y 
surface. After some t i m e , t h e m e r c u r y is d r ied a n d filtered t h r o u g h chamoi s 
lea ther , w h e n i t y ie lds a solid a m a l g a m , m o l y b d e n u m erineamercuride, M o H g 9 , 
which is b u t s l ight ly affected b y mo i s t a i r . W h e n i t is sub jec ted t o a press, of 
200 g rms . pe r sq. cm. , i t y ie lds a n o t h e r a m a l g a m , m o l y b d e n u m dimercuride, 
M o H g 2 , a n d if t h i s is b r o k e n u p a n d aga in compressed , i t y ie lds a t h i r d c o m p o u n d , 
molybdenum hemitrixnercuride, Mo2Hg3, which alters raj>idly in moist air. The 
decomposi t ion of t h e a m a l g a m s u n d e r press , is t h e inverse of t h e p h e n o m e n o n 
observed b y W . S p r i n g — 1 . 13, 17. A. S. Russel l found t h a t t h e order of t h e 
r e m o v a l of m e t a l s f rom a m a l g a m s b y oxidiz ing a g e n t s is Zn, Cu, Cr, F e , Mo, Co, 
H g , Ni , a n d W . 

Alloys of m o l y b d e n u m a n d a l u m i n i u m were p r e p a r e d b y F . Wohle r a n d 
F . R . Michel, H . Moissan, H . R e i m a n n , a n d H . Schi rmeis te r . H . R e i m a n n worked 
w i t h m o l y b d e n u m disu lph ide in p lace of t h e t r i ­
oxide . C. Combes w a s n o t v e r y successful in 
p r e p a r i n g al loys b y t h e ac t ion of a l u m i n i u m on 
m o l y b d e n u m chlor ide a n d su lphides . Accord ing 
t o L . Guil let , a l loys a r e o b t a i n e d b y t h e a lumino -
t h e r m i t e process , a n d from t h e e l emen t s . Mix tu re s 
of 5 g r a m - a t o m s of m o l y b d e n u m , as MoO 3 , a n d 
one g r a m - a t o m of a l u m i n i u m furnish m o l y b d e n u m 
icos i ta luminide , AlMo 2 0 , in well-formed c rys ta l s 
which deve lop no gas w i t h hydroch lor ic ac id ; 
molybdenum tetritaluminide, Mo4Al, from 2 gram-
a t o m s of m o l y b d e n u m a n d one g r a m - a t o m of 
a l u m i n i u m , t h e c rys ta l s a re n o t a t t a c k e d b y h y d r o ­
chloric acid . W i t h t h e a t o m i c p ropo r t i ons Mo : Al 
= 1 : 3 fibrous crystals of molybdenum aluminide, 
AlMo, a re fo rmed ; whi ls t 1 : 1-mixtures furnish c rys ta l s of m o l y b d e n u m dialuminide , 
Al 2 Mo. TJ. Guil let o b t a i n e d m o l y b d e n u m tetraluininide, Al4Mo, in lamel lar c rys ta ls 
f rom t h e 1 : 1 m i x t u r e ; a n d F . W o h l e r a n d F . R . Michel, f rom a m i x t u r e of d r y 
m o l y b d e n u m fluoride, c ryol i te , p o t a s s i u m sod ium chlor ide, a n d a l u m i n i u m in t h e 
p ropo r t i ons 1 : 2 : 2 : 1 . T h e microscopic p r i sms a re b lack , or i ron-grey . T h e y a re 
soluble in h o t hydroch lo r i c or n i t r ic acid . Xi. Guil let p r e p a r e d c rys t a l aggrega tes 
of m o l y b d e n u m hepta luminide , Al 7 Mo, b y reduc ing m o l y b d e n u m t r iox ide wi th 
a large excess of a l u m i n i u m . The re is here n o t h i n g t o show t h a t a n y of these 
p r o d u c t s is a chemica l ind iv idua l . H . R e i m a n n said t h a t i t is h igh ly p robab le 
t h a t m o l y b d e n u m tr i ta luminide , Al3Mo, exis ts as a chemica l c o m p o u n d ; a n d he 
g a v e F ig . 9 as a p r o b a b l e equ i l i b r ium d i a g r a m for m i x t u r e s w i t h u p t o 50 per cent , 
of m o l y b d e n u m . 

Alloys of m o l y b d e n u m w i t h t^fll!*"*" or w i t h t in h a v e n o t been repor ted . 
X. Rol la a n d C. P i cca rd i s t u d i e d t h e ion iza t ion p r o d u c e d b y m i x t u r e s of tha l l ium 
a n d m o l y b d e n u m . P . J . H j e l m sa id t h a t l ead a l loyed wi th a l i t t le m o l y b d e n u m 
is wh i t e r a n d h a r d e r t h a n o r d i n a r y lead, whi l s t w i t h more m o l y b d e n u m , t h e alloy 
becomes b lack a n d b r i t t l e . A. S t a v e n h a g e n a n d E . S c h u c h a r d ob t a ined a n alloy 
b y t h e a l u m i n o - t h e r m i t e process ; b u t X. O t t d id n o t o b t a i n i t b y t h e electrolysis 
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of a n io l t en m i x t u r e of s o d i u m c a r b o n a t e a n d m o l y b d a t e b y m e a n s of a m o l t e n l ead 
c a t h o d e . 

J . J . Boer icke p r e p a r e d al loys of m o l y b d e n u m a n d v a n a d i u m m a d e b y r e d u c i n g 
a m i x t u r e of a m o l y b d e n u m or v a n a d i u m c o m p o u n d w i t h a l u m i n i u m in t h e p r e sence 
of t h e al loying m e t a l a n d a la rge q u a n t i t y of a n indifferent flux. W . v o n B o l t o n 
o b t a i n e d al loys w i t h t a n t a l u m . W . Xiederer, C. L . Sargen t , a n d E . H a y n e s f o u n d 
t h a t al loys of c h r o m i u m a n d m o l y b d e n u m c a n be r ead i ly p r e p a r e d . T h e a l loys 
were discussed b y W . Guer t l e r . E . S iedschlag found t h a t m o l y b d e n u m dissolves 
read i ly in m o l t e n c h r o m i u m u n t i l t h e m a s s c o n t a i n s 25 p e r cen t , of t h e former ; in 
i nves t iga t ing a l loys r i cher in m o l y b d e n u m , t h e f ine ly-powdered m e t a l s were m i x e d 
a n d compres sed i n t o b r i q u e t t e s , wh ich were t h e n h e a t e d , b u t for p r o p o r t i o n s of 
m o l y b d e n u m a b o v e 50 p e r cent . , t h e ini t ia l solidification t e m p , cou ld n o t b e 
m e a s u r e d . T h e cu rve , F ig . 10, shows a eu tec t i c a t 1460°, 22-7 p e r cen t . Mo . T h e 
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l iqu id is h o m o g e n e o u s , b u t no m i x e d c rys ta l s a re formed below 22*7 pe r cen t . Mo, 
t h e sol id cons is t ing of c h r o m i u m crys ta l s a n d t h e eu tec t i c m i x t u r e ; a b o v e t h i s 
p r o p o r t i o n , t h e solid cons is t s of Mo c rys ta l s con ta in ing 2*5 pe r cen t . Cr, a n d t h e 
eu t ec t i c . T h e a l loys a r e n o t l ike ly t o be mechan ica l ly useful ; t h o s e r ich in Cr 
c u t glass w i t h r e m a r k a b l e ease . T h e s y s t e m c o p p e r - m o l y b d e n u m is he t e rogeneous 
in b o t h t h e l iqu id a n d solid s t a t e s , whi l s t c h r o m i u m a n d coppe r form n o m i x e d 
c rys ta l s , a n d a re on ly p a r t l y miscible in t h e l iqu id s t a t e . I n t h e t e r n a r y s y s t e m , 
C u - C r - M o , t h e t h r e e m e t a l s r e m a i n s e p a r a t e in t h e solid s t a t e . W h e n e lec t ro ly t i c 
coppe r is m e l t e d w i t h p o w d e r e d c h r o m i u m a n d m o l y b d e n u m , no m i x e d c r y s t a l s 
c a n be d e t e c t e d ; t h e solids cons is t of t h e t h r e e m e t a l s w i t h t h e Cr -Cu , a n d t h e 
C r - M o eu tec t i cs . Al loys of coppe r w i t h u p t o 38 pe r cent , of Cr shou ld dissolve 
u p t o 8 p e r cen t , of Mo, -whilst c h r o m i u m - m o l y b d e n u m m i x t u r e s shou ld dissolve 
u p t o 7 p e r cen t , of copper . 
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H . Schirmeis ter , StahX Eisen, 3 5 . 649, 873, 996, 1915 ; Beitrage zur Kenntnis der bin&rert 
Aluminiumlegierungen hintsichtlich ihrer technischen JEigenachaften, Dusseldorf, 1914 ; P . J . Hje lm, 
Svenska Akad. Nya Hand,, 9 . 288, 1788 ; I J . O t t , Elektrolyse geschmolzener Molybdate und 
Vanadate, Munchen , 23, 1911 ; E . H a y n e s , Trans. Amer. Inst. Min. Eng., 4 4 . 573, 1913 ; 5 4 . 
3 , 1915 ; Li. P . H a m i l t o n a n d E . F . S m i t h , Journ. Amer. Chem. Soc, 23 . 151, 1901 ; J . J - Boericke, 
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§ 8* Molybdenum and Molybdic Oxides 
According to J . J . Berzelius,1 molybdenum monoxide, or molybdous oxide, 

MoO, is fo rmed as a p u r p l e or v io le t p o w d e r w h e n zinc a n d hydroch lo r i c ac id a re 
a l lowed t o a c t for a l ong t i m e o n fused o r s u b l i m e d m o l y b d e n u m t r iox ide ; b u t t h e 
p r o d u c t is p r o b a b l y m o l y b d i c ox ide . W . M u t h m a n n a n d W . Nage l could n o t 
p r e p a r e t h i s ox ide . C. W . B l o m s t r a n d t h o u g h t t h a t m o l y b d o u s hydroxide , 
M o ( O H ) 2 , is f o r m e d as a b l a c k solid b y t h e a c t i o n of cone , p o t a s h - l y e on m o l y b d e n u m 
d i b r o m i d e , b u t h e l a t e r r e p r e s e n t e d i t a s M o 3 ( O H ) 6 . W . M u t h m a n n a n d W . N a g e l 
f o u n d t h a t t h e h y d r o g e n is g iven oft whi le t h e b l ack p r e c i p i t a t e is be ing formed, 
a n d t h e y find t h a t i t is m o l y b d i c h y d r o x i d e , M o ( O H ) 3 . T h e s a m e p r o d u c t is 
o b t a i n e d b y t h e ac t i on of p o t a s h - l y e on m o l y b d e n u m d i h y d r o x y t e t r a b r o m i d e , 
M o 3 ( O H ) 2 B r 4 + 4 K O H + 3 H 2 0 - 3 M o ( O H ) 3 + 4 K B r + 3 H . Th i s m a k e s i t doub t fu l 
if a b i v a l e n t m o l y b d e n u m c o m p o u n d h a s y e t b e e n p r e p a r e d . 

W h a t J . J . Berze l ius 2 cal led m o l y b d o u s ox ide w a s s h o w n b y C. W . B l o m s t r a n d , 
a n d C F . R a m m e l s b e r g t o b e h y d r a t e d mo lybd ic ox ide , or m o l y b d e n u m sesquioxide , 
or m o l y b d e n u m hemitr iox ide , M o 2 O 3 . J . J . Berze l ius o b t a i n e d t h e h y d r a t e d 
ox ide b y t h e a c t i o n of r e d u c i n g a g e n t s on a soln. of a m o l y b d e n u m sa l t or of 
m o l y b d i c ac id . T h u s , b y t r e a t i n g a h y d r o c h l o r i c ac id soln. of m o l y b d e n u m chlor ide , 
s t a n d i n g ove r m e r c u r y , w i t h l iqu id p o t a s s i u m a m a l g a m , a d d e d d r o p b y d r o p , t h e 
soln. becomes green ish , a n d t h e n b l a c k a n d o p a q u e . A s soon a s t h e ox ide begins 
t o s e p a r a t e , t h e soln. is d e c a n t e d , a n d t h e h y d r o x i d e is p r e c i p i t a t e d b y a m m o n i a , 
w a s h e d , d r i ed o v e r s u l p h u r i c ac id in v a c u o , a n d h e a t e d o u t of c o n t a c t w i t h air . 
If a n excess of hyd roch lo r i c ac id b e n o t p r e sen t , a h ighe r d a r k b r o w n oxide is 
p r e c i p i t a t e d i n s t e a d of t h e b l a c k m o l y b d i c ox ide . As i n d i c a t e d a b o v e , t h i s ox ide 
w a s also o b t a i n e d b y t h e p r o l o n g e d a c t i o n of h y d r o c h l o r i c ac id a n d z inc on fused 
or s u b l i m e d m o l y b d e n u m t r i o x i d e ; a n d also b y t h e a c t i o n of z inc on a cone . soln. 
of a m m o n i u m or a lka l i m o l y b d a t e in a n excess of h y d r o c h l o r i c ac id so t h a t t h e 
m o l y b d i c a c id first p r e c i p i t a t e d is red i sso lved . T h e soln. b e c o m e s b lue , t h e n 
r e d d i s h - b r o w n , a n d finally b lack . I t is t h e n p o u r e d off t h e z inc a n d m i x e d w i t h 
e n o u g h a q . a m m o n i a t o p r e c i p i t a t e t h e m o l y b d i c ox ide a lone . T h e p r e c i p i t a t e 
is w a s h e d w i t h dil . a q . a m m o n i a t o r e m o v e t h e z inc oxide , a n d a f t e r w a r d s w i t h cold 
w a t e r . I t is t h e n p ressed , d r i e d o v e r s u l p h u r i c ac id in v a c u o , a n d h e a t e d o u t of 
c o n t a c t w i t h a i r . M. G u i c h a r d f o u n d t h a t t h e h y d r a t e d fo rm a lone ex i s t s because , 
w h e n t h e b l a c k p r o d u c t M o ( O H ) 8 is d e h y d r a t e d , i n t e r n a l o x i d a t i o n occurs , a n d t h e 
c o m p o s i t i o n is n o t M o 2 O 3 . Modif ica t ions of t h i s process were u s e d b y J . Sopp , 
A. A t t e r b e r g , C. F . R a m m e l s b e r g , A. C C h a p m a n a n d H . D . L a w , IX IL. R a n d a l l , 
M. G u i c h a r d , A. Chi leso t t i , A . W e r n c k e , F . P i san i , a n d l . M a c a g n o . C. W . B l o m s t r a n d 
u sed m a g n e s i u m , z inc , o r z inc c o a t e d w i th c a d m i u m , a n d su lphu r i c or hydroch lo r i c 
ac id , w a s h i n g o u t t h e z inc s a l t s b y v e r y d i lu t e h y d r o c h l o r i c ac id . F . v o n Kobe l l 
bo i led l e a d m o l y b d a t e w i t h hyd roch lo r i c ac id a n d c o p p e r ; C. F . R a m m e l s b e r g , 
a n d H . H i rze l u s e d a m m o n i u m m o l y b d a t e or m o l y b d i c ac id . C. P a a l a n d 
H . B u t t n e r f o u n d t h a t t h e r e d u c t i o n of a m m o n i u m m o l y b d a t e b y colloidal pa l l ad ium 
a t o r d i n a r y t e m p , y ie lds h y d r a t e d m o l y b d e n u m d iox ide , b u t a t 50° t o 60°, u n d e r 
a s l igh t p ress . , h y d r a t e d m o l y b d i c ox ide is fo rmed . If t h e r e d u c t i o n occurs in t h e 
p r e sence of a p r o t e c t i v e co l lo id—sodium p r o t a l b i n a t e — c o l l o i d a l m o l y b d e n u m 
trihydroxide is fo rmed . Iu. F . S v a n b e r g a n d H . S t r u v e o b t a i n e d th i s oxide b y 
h e a t i n g m o l y b d e n u m t r i o x i d e in d r y h y d r o g e n — v i d e supra, t h e p r e p a r a t i o n of 
m o l y b d e n u m — a n d E . F . S m i t h a n d W . S. H o s k i n s o n , E . T. W h e r r y a n d E . F . S m i t h , 
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a n d E . F . S m i t h o b t a i n e d molybdic hydroxide, M o 2 0 3 . 3 H 2 0 , or M o ( O H ) 3 , b y t h e 
e lect rolysis of a n e u t r a l soln. of a m m o n i u m m o l y b d a t e , or a so ln . acidified w i t h 
su lphur i c ac id . J . J . Berze l ius , a n d C. W . B l o m s t r a n d also o b t a i n e d t h e h y d r a t e d 
ox ide b y a d d i n g p o t a s h - l y e t o a soln . of m o l y b d e n u m d ich lor ide or d i b r o m i d e , a n d 
W . M u t h m a n n a n d W . N a g e l f o u n d t h a t h y d r o g e n is s i m u l t a n e o u s l y evo lved . 

Molybdic ox ide is p i t c h - b l a c k , a n d is s lowly oxid ized b y e x p o s u r e t o a i r . I n 
some cases J . J . Berze l ius o b s e r v e d t h a t w h e n h e a t e d in v a c u o , i t m a y s h o w a feeble 
calorescence—vide 5 . 3 3 , 10. P . S a b a t i e r a n d J . B . S e n d e r e n s f o u n d t h a t w h e n 
h e a t e d t o a b o u t 500° in n i t r o u s ox ide , i t y ie lds a m i x t u r e of m o l y b d e n u m d iox ide , 
a n d t r i ox ide ; a n d i n n i t r i c ox ide , m o l y b d e n u m d iox ide . J . J. Berze l ius o b s e r v e d 
t h a t i t is inso lub le in soln. of p o t a s s i u m h y d r o x i d e , a m m o n i a , or a m m o n i u m car ­
b o n a t e . Ac ids d o n o t d issolve t h e a n h y d r o u s oxide ; a n d t h e h y d r o x i d e is d i sso lved 
w i t h difficulty t o fo rm m o l y b d i c sa l t s . F . I s a m b e r t sa id t h a t soln . of t h e ox ide in 
ac ids a r e b l ack . T h e sa l t s of t e r v a l e n t m o l y b d e n u m were s t u d i e d b y F . A. Gooch 
a n d O. S. P u l m a n , F . P i s a n i , C. F . R a m m e l s b e r g , a n d W . W a r d l a w a n d W . H . P a r k e r . 
Gr. U n g e r , G. Re i s saus , a n d E . Miiller s t u d i e d t h e e l ec t rome t r i c o x i d a t i o n of soln. 
of t e r v a l e n t m o l y b d e n u m w i t h p e r m a n g a n a t e . R . M o n t e q u i , a n d J . K o p p e l 
p r e p a r e d c o m p o u n d s w i t h t h e x a n t h a t e s — e . g . ( O 2 H 5 O C S 2 ^ M o 2 O 3 . 

R E F E R E N C E S . 
1 J . J . Berzelius, Schweigger^s Journ., 22. 5 1 , 1817 ; JPogg. Ann., 4 . 153, 1825 ; 6. 331 , 369, 

1826 ; 7. 261, 1826 ; Ann. Chim. JPhys., (2), 17. 5, 1821 ; W- M u t h m a n n a n d W . Nagel , Ber., 
3 1 . 2009, 1898 ; C. W . B loms t r and , Oefvers. Akad. Forh.9 14. 393, 1857 ; Journ. prakt. Chem., 
(1), 77. 9 1 , 1859. 

2 tT. Sopp, De acidi phosphorici et molybdaenici nova metandi ratione, B o n n a e , 7, 1857 ; 
A. At te rbe rg , Ndgra bidrag till kdnnedon ow molybden9 S tockholm, 72, 1872 ; C W . B l o m s t r a n d , 
Chlorens forhallande till molybden, L u n d , 1855 ; Journ. qrrakt. Chem., (1), 71 . 455, 1857 ; (1), 72 . 
408, 1861 ; (1), 77. 9 1 , 1859 ; Skand. Nat. JTorh., 8. 509, 1860 ; Oefvers. Akad. JF1OrH., 14. 393, 
1857 ; C. F . Rammelsbe rg , Bogg. Ann., 127. 285, 1865 ; Zeit. anal. Chem., 5 . 203, 1866 ; Journ. 
prakt. CTtem., (1), 97 . 174. 1866 ; J". «T. Berzel ius, Schweigger^s Journ., 22 . 5 1 , 1817 ; T*ogg. Ann., 
4 . 153, 1825 ; 6 . 331 , 369, 1826 ; 7. 261 , 1826 ; Ann. Chim. Phys., (2), 17. 5, 1821 ; K. F . Smi th 
a n d W . S. Hoskinson , Amer. Chem. Journ., 7. 90, 1885 ; Cham,. News, 5 3 . 278, 1885 ; E . F . Smi th , 
Ber., 18 . 751 , 188O ; Amer. Chem. Journ., 1. 329, 1880 ; E . T . W h e r r y a n d E . F . Smi th , Journ. 
Amer. Chem. Soc., 29 . 806, 1907 ; F . S t re in tz , Ann. Bhysik, (4), 9. 854, 1902 ; M. Guichard , 
Ann. CMm. Fhys., (7), 2 3 . 504, 1901 ; P . Saba t ie r a n d J . B . Senderens , ib., (7), 7 . 348, 1896 ; 
Bull. Soc. Chim., <S), 13 . 870, 1885 ; Compt. Rend., 114. 1429, 1892 ; 120. 618, 1895 ; F . P i san i , 
ib.9 59 . 301 , 1864 ; F . I s a m b e r t , ib.9 80 . 1087, 1875 ; I . Maeagno, Oazz. Chim. Ital., 4 . 567, 1874 ; 
A . Werncke , Zeit. anal. Chem., 14. 1, 1875 ; F . von Kobel l , Anz. Gelehrte MiXnchen, 907, 1847 ; 
Journ. prakt. Chem., (1), 41 . 158, 1847 ; H . Hirzel , Zeit. Bharm., 2 . 2, 1850 ; L . F . Svanberg a n d 
H . S t ruve , Svenska Akad. Handl., 1. 9, 1848 ; Journ. prakt. Chern., (1), 44 . 257, 1848 ; Phil. Mag., 
(3), 8 3 . 409, 524, 1848 ; W . W a r d l a w a n d W . H . Pa rke r , Journ. Chem. Soc, 127. 1311, 1487, 
1925 ; A. O. C h a p m a n a n d H . D . L a w , Analyst, 32 . 250, 1907 ; IX Li. R a n d a l l , Amer. Journ. 
Science, (4), 24 . 313, 1907 ; F . A . Gooch a n d O. S. P u l m a n , ib., (4), 12. 449, 1901 ; Zeit. anorg. 
Chem., 29 . 353, 1902 ; C. P a a l a n d H . Bi i t tne r , Ber., 48 . 220, 1915 ; W . M u t h m a n n a n d W . Nagel , 
ib., 3 1 . 1836, 2O09, 1898 ; A . Chi lesot t i , Zeit. Elektrochem., 12. 146, 197, 1906 ; E . Muller , ib., 
3 3 . 182, 1 9 2 7 ; E . Muller a n d H . Mollering, Zeit. anorg. Chem., 141. I l l , 1 9 2 4 ; G. Unger , 
JUarvganalytische Bestimmung von reduzierten JI£olybddnl(Ssungen iinter Zuhilfenahme der JPotentio-
metrie9 !Dresden, 1926 ; E . F r icke , JJeber die elektrolytische Meduktion von JMolybdanldsungeri una 
die aus reduzierten ivdsserigen Ltdsungen zu gettrinnenden Salze des Molybddns niederer Wertigkcits-
stufen, Dresden, 1923 ; Cr. Reissaus, Meiall Erz, 21 . 118, 1924 ; J . Koppel , Chem. Zlg„ 4 3 . 777, 
1919 ; R . Montequi , Anal. Fis. Quim., 4 . 542, 1916 ; 28 . 479, 193O. 

§ 9. Intermediate Oxides—MoO2 to MoO3 

C. F . Bucho lz x p r e p a r e d m o l y b d e n u m dioxide , MoO 2 , b y g e n t l y h e a t i n g t h e 
m e t a l for a s h o r t t i m e i n a i r ; a n d J . J . Berze l ius f o u n d t h a t t h e lower ox ide , free 
f r o m z inc ox ide , b u r n s w i t h a feeble g low w h e n i t is h e a t e d in a i r . L . F . S v a n b e r g 
a n d H . S t r u v e o b t a i n e d t h i s ox ide b y h e a t i n g m o l y b d e n u m t r i o x i d e ; a n d H . R o s e , 
a n d Li. F . S v a n b e r g a n d H . S t r u v e , b y h e a t i n g a m m o n i u m m o l y b d a t e s . 
C. F . R a m m e l s b e r g s a id t h a t t h e p r o d u c t is n o t h o m o g e n e o u s . C. F . B u c h o l z 
a lso h e a t e d a m m o n i u m m o l y b d a t e in a c o v e r e d cruc ib le , a n d J . J . Berae l ius a d d e d 
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t h a t the dioxide so produced is contaminated with molybdenum trioxide which can 
be removed b y potash-lye , or b y hydrofluoric acid. According to E . Uhrlaub, 
this product, as well as t h a t obtained b y J . J. Berzel ius—by ignit ing in a covered 
crucible a mixture of sodium molybdate and ammonium chloride, and washing 
the products w i th water—contains nitrides (q.v.). The dioxide was also obtained 
b y Ju. F . Svanberg and H . Struve, D . K. Tutt le , N . J . Berlin, W. Muthmann, and 
M. Guichard b y heat ing a mixture of a m m o n i u m molybdate and m o l y b d e n u m 
trioxide, or a mixture of sodium molybdate and ammonium chloride, and washing 
the residue with aq. ammonia , and then wi th hydrochloric acid. F . Mauro and 
R. R. Panebianco obtained crystals of the dioxide by heating a mixture of 
14-4 grms. MoO3 , 14 grms. K 2 CO 3 , and 7 grms. B 2 O 3 for 3 or 4 hrs. a t a high t e m p . , 
and washing the cold mass successively wi th aq. ammonia , water, hydrochloric 
acid, and water. W . Muthmann obtained the dioxide b y fusing a mixture of 
anhydrous a m m o n i u m molybdate , mo lybdenum trioxide, potass ium carbonate, 
and boric acid in the proportions 8 : 7 : 14 : 7 b y weight . H . Debray obtained an 
oxide, possibly the dioxide, b y heat ing mo lybdenum trioxide in a mixture of s team 
and hydrogen. Li. P. Liechti and B . K e m p e reduced the trioxide to dioxide b y 
heating i t in a current of hydrogen. M. Guichard studied the equilibrium con­
ditions in the balanced reaction : M o + 2 H 2 O ^ M o O 2 + 2 H 2 — v i d e supra. C. Friedheim 
and M. K. Hoffmann also reduced m o l y b d e n u m trioxide wi th hydrogen a t 450°, 
and removed the unchanged trioxide as volati le oxychloride by heating the 
product in a current of hydrogen chloride. H . Debray also used a mixture of carbon 
monoxide and dioxide as the reducing agent. L . F . Svanberg and H. Struve obtained 
the dioxide b y heat ing t o redness for several hours an alkali molybdate in hydrogen 
and washing the product ; F . Ullik heated a mixture of sodium tr imolybdate and 
zinc, and washed product wi th a sola, of potass ium hydroxide and then with 
hydrochloric acid. C. Paal and H. Bi i t tner reduced a m m o n i u m molybdate with 
colloidal pal ladium at ordinary t emp, and obtained molybdenum dioxide. 
W. P i i t tbach obtained the dioxide b y heat ing m o l y b d e n u m dioxydichloride in 
carbon dioxide or in hydrogen ; and E . Friederich and L. Si t t ig b y heating to about 
1200° a mixture of 4-8 grms. of mo lybdenum powder and 14-4 grms. of molybdenum 
trioxide. H . Buff, and M. Guichard obtained the dioxide by the electrolysis of 
fused m o l y b d e n u m trioxide, or potass ium molybdate ; and L. Ott, b y the electro­
lysis of mol ten sodium or barium molybdate using a high current density. 

Analyses in agreement wi th the formula MoO 2 were made b y J . J. Berzelius, 
C. F . Bucholz , F . Ullik, and M. Guichard. Molybdenum dioxide is described by 
Li. F . Svanberg and H. Struve as a brownish-black powder ; L. Ott, as a violet 
crystall ine powder ; and F . Ull ik, as forming dark bluish-violet prisms which appear 
pale violet-red in transmit ted l ight. F . Mauro and R. R. Panebianco said tha t the 
bipyramidal crystals are tetragonal with the axial ratio a : c = l : 0 5 7 7 4 ; but 
S. S tevanovic showed t h a t the pseudotetragonal crystals are rnonoclinic prisms with 
the axial ratios a : b : c = 0 - 9 8 6 9 : 1 : 0-5765, and £ = 9 1 ° 34' . V. M. Goldschmidt 
and co-workers, M. L. Huggins , and L. Paul ing discussed the lattice-structure. 
The X-radiogram shows t h a t the space-lattice is of the ruti le-type wi th a = 4 - 8 6 A., 
and c—2-79 A. , so tha t a : c = l : 0-573. S. S tevanovic gave for the sp . gr. 6-34 , 
and F . Mauro and R. R. Panebianco, 6-44. W. Bi l tz studied the mol. vol . 
N . Parravano and G. Malquori gave for the dissociation press., log p=—27*843 a t 
600°. W. G. Mixter gave 142-8 CaIs. for the heat of formation from its e lements. 
B . A . D i m a studied the photoelectric effect of the oxide. J . Vrede observed that 
the dioxide has no value as a radio-detector. F . Ullik, and M. Guichard observed 
t h a t i t is a good electrical conductor ; E . Friederich and L. Sitt ig gave 40-0 X 10~~4 

o h m for the resistance of a metre wire 1 sq. m m . cross-section a t 1000° ; and the 
t e m p , coeff. is negat ive ; a n d E . Wedekind and C. Horst found t h a t its magnetic 
susceptibil i ty is greater than tha t of the metal , being 0-33 X 10"""6 mass unit at 19-5°. 
S. Berkman and H . Zocher gave 0-09 x 10~~6 mass unit . 

M. Guichard found t h a t the oxide is reduced b y hydrogen to the metal without 
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t l ie f o r m a t i o n of i n t e r m e d i a t e o x i d e s — a sub jec t discussed b y Gr. M a r t i n . T h e 
equ i l i b r ium cond i t ions were s t u d i e d b y M. Gu icha rd—v ide supra. Gr. C h a u d r o n 
s t u d i e d t h e equ i l ib r ium cond i t ions in t h e r eac t ion : 2 H 2 O + M o ^ M o O 2 + 2 H 2 o v e r 
t h e t e m p , r a n g e 700° t o 1100°. H . D e b r a y found t h a t w a t e r v a p o u r a t a r e d - h e a t 
oxidizes t h e d iox ide t o t h e t r i o x i d e ; H . R o s e found t h a t ch lor ine c o n v e r t s t h e 
d ioxide i n t o t h e d ioxyd ich lo r ide ; a n d A. V a n d e n b e r g h e , a n d C. F r i e d h e i m a n d 
M. K . Hof fmann , t h a t i t does n o t volat i l ize w h e n h e a t e d in h y d r o g e n ch lor ide . 
J . J . Berzel ius found t h a t t h e d iox ide is n o t soluble in hydrof luor ic , hyd roch lo r i c 
or su lphur i c ac id . W . R . E . H o d g k i n s o n a n d F . K . S. !Lowndes f o u n d t h a t if a 
l i t t le d iox ide b e a d d e d t o m o l t e n p o t a s s i u m ch lo ra t e , o x y g e n a n d ch lor ine a r e 
evo lved . J . J . Berze l ius sa id t h a t a l i t t le d iox ide dissolves in boi l ing, cone , sul­
p h u r i c ac id ; a n d i t dissolves slowly in fused alkal i h y d r o s u l p h a t e . I t is c o n v e r t e d 
b y n i t r i c ac id i n t o t h e t r i ox ide . C. F r i e d h e i m a n d M. K . H o f f m a n n o b s e r v e d t h a t 
t h e d iox ide is d e c o m p o s e d w h e n h e a t e d in c a r b o n d iox ide ; a n d A. Michae l a n d 
A. M u r p h y , t h a t c a r b o n t e t r ach lo r ide conve r t s i t i n t o m o l y b d e n u m t e t r a c h l o r i d e . 
W . Skey , a n d E . P e c h a r d obse rved t h a t t h i o c y a n a t e s p r o d u c e a r e d co lo ra t ion 
w i t h t h e d iox ide . J . J . Berzel ius found t h a t t h e d iox ide does n o t d issolve in a 
boi l ing soln. of p o t a s s i u m h y d r o t a r t r a t e . G. R a u t e r f o u n d t h a t sil icon t e t r a ­
chlor ide hats n o ac t ion on t h e d ioxide . J . J . Berze l ius found t h a t t h e d iox ide is 
insoluble in soln. of a lkal i h y d r o x i d e or c a r b o n a t e . JrT. Ul l ik obse rved t h a t a c r y s t a l 
of m o l y b d e n u m dioxide in a soln. of copper s u l p h a t e , a n d in c o n t a c t w i t h z inc , 
q u i c k l y becomes covered w i t h a film of copper . E . E . S m i t h a n d O. I J . S h i n n 
found t h a t a m o l of t h e d ioxide l ibera tes t w o g r a m - a t o m s of si lver f rom a n 
a m m o n i a c a l soln. of si lver n i t r a t e : M o O 2 - ) - 2 A g " - > M o O a + 2 A g , e t c . ; sa l t s of c o p p e r 
a n d m e r c u r y a re n o t so r educed . C. F r i e d h e i m a n d M. K . H o f f m a n n found t h a t ferric 
s u l p h a t e oxidizes t h e d ioxide t o t r iox ide . T h e e l ec t rome t r i c o x i d a t i o n of soln. of 
q u a d r i v a l e n t m o l y b d e n u m b y p e r m a n g a n a t e w a s s t u d i e d b y G. Unger , E . F r i c k e , 
Gr. R e i s s a u s , a n d E . Muller . C. Eng le r a n d L . W o h l e r d i scussed m o l y b d e n u m 
d iox ide a s a c a t a l y t i c a g e n t . M. Gu icha rd w a s a t first inc l ined t o be l ieve t h a t t h e 
d iox ide does n o t fo rm sa l t s , a l t h o u g h J . J . Berze l ius , H . Rose , a n d o t h e r s h a v e 
desc r ibed a series of sa l t s . 

J . J . Berzel ius , H . R o s e , a n d C. F . R a m m e l s b e r g desc r ibed w h a t t h e y con­
s idered t o be h y d r a t e d m o l y b d e n u m dioxide , o b t a i n e d b y a d d i n g a lkal i - lye t o soln . 
of m o r e or less r e d u c e d m o l y b d i c acid. P . K l a s o n s h o w e d t h a t in al l p r o b a b i l i t y 
t h e s e p r o d u c t s a r e i m p u r e m o l y b d e n u m p e n t a h y d r o x i d e , a n d t h a t t h e t e t r a -
h y d r o x i d e does n o t ex is t . 

This remark applies t o t h e so-called monohydrate, MoO 2 -H 2 O, of E . Pechard, produced 
b y the electrolysis of a hydrochloric or oxalic acid soln. of a m m o n i u m m o l y b d a t e ; or b y 
adding alkali- lye t o a hydrochloric acid soln. of alkali m o l y b d a t e m i x e d w i t h po tas s ium 
iodide ; a n d t o t h e dihydrate, M o O 2 . 2 H 2 O , reported t o be formed b y adding a m m o n i a t o 
a h o t hydrochloric acid soln. of acid a m m o n i u m m o l y b d a t e a n d p o t a s s i u m iodide . 
O. W . Gibbs obta ined s o m e complexes w i t h tungst ic acid e.g. 5 K a O . 12WO 8 -MoO 2 . 16H 2 ( ) . 
T h e trihydrate, M o O 3 . 3 H 2 O , w a s said b y F . J . Faktor t o be produced b y the ac t ion 
of sod ium th iosu lphate on a soln. of a m m o n i u m m o l y b d a t e ; a n d Gr. Kriiss obta ined the 
hemihejztcbdecahydrate, 2 M o O 2 . 1 5 H 2 O , b y the act ion * of cone, alkal i - lye o n t h e oxysu l ­
phide , (JSTH4)H .Mo 2 O 4 S 4 . 

C. P a a l a n d co-workers , h o w e v e r , f ound t h a t a soln. of a m m o n i u m p a r a -
m o l y b d a t e i n t h e p resence of a l i t t l e col lo idal p a l l a d i u m is r e d u c e d a t r o o m t e m p . 
b y h y d r o g e n a t n o r m a l p ress , t o f o r m a g reen i sh -b lack p r e c i p i t a t e a p p r o x i m a t i n g 
t h e m o n o h y d r a t e , M o O 2 - H 2 O , or M o O ( O H ) 2 , w h e n d r i ed a t o r d i n a r y t e m p . , a n d i t 
y ie lds t h e d iox ide , M o O 2 , if d r i e d a t a h i g h e r t e m p . If t h e r e d u c t i o n occurs i n t h e 
p re sence of a p r o t e c t i v e c o l l o i d — s o d i u m p r o t a l b i n a t e — c o l l o i d a l m o l y b d e n u m 
tetrahydroxide is f o r m e d a t o r d i n a r y t e m p . H . F r e u n d l i c h a n d W . L e o n h a r d t 
f o u n d t h a t t h e m o n o h y d r a t e o b t a i n e d b y E . P e c h a r d — b y p r e c i p i t a t i o n -with a lka l i 
h y d r o x i d e f rom t h e soln . p r o d u c e d b y t h e a c t i o n of p o t a s s i u m iod ide o n h y d r o ­
chlor ic ac id soln. of a lka l i m o l y b d a t e or b y t h e e lect rolys is of h y d r o c h l o r i c or 
oxal ic ac id soln. of m o l y b d i c a c i d — b e h a v e s t o w a r d s w a t e r l ike a colloid. T h e 
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c o a g u l a t e d d iox ide shows differences in t h e r ead iness w i t h wh ich i t unde rgoes 
p e p t i z a t i o n , in t h a t t h e sol fo rm is m o r e read i ly p r o d u c e d f rom coagu l a t e s which 
h a v e been p r e c i p i t a t e d b y t h e less a c t i v e e lec t ro ly tes . L o w t e m p , is a lso f avou rab l e 
t o t h e r e - fo rma t ion of t h e sol. T h e coagu la t ion b y e lec t ro ly tes d e p e n d s on t h e 
ca t i on . 

According to W. Muthmann, the compound magnesium hypomolybdate, 
2MgO.3MoO 2 , is f o rmed b y fusing s o d i u m t r i m o l y b d a t e wi th m a g n e s i u m ox ide ; 
a n d zinc oxide s imi la r ly furn ishes z inc hypomolybdate , 2ZnO.3MoO 2 . 

J . J . Berzel ius d iges ted in a s t o p p e r e d flask, a t 40°—60°, a m i x t u r e of p o w d e r e d 
m o l y b d e n u m a n d a soln. of m o l y b d i c ac id ; t h e soln. b e c a m e d a r k b lue , a n d finally 
g reen . T h e a d d i t i o n of a m m o n i u m chlor ide t o t h e g reen soln. p rec ip i t a t e s a n ol ive-
g r e e n oxide which redissolves in w a t e r — p r e s u m a b l y as a p e p t i z e d colloid. A soln . 
of t h e b r o w n a n d b lue m o l y b d e n u m ox ides in hyd roch lo r i c ac id p rec ip i t a t e s a g reen 
ox ide on t h e a d d i t i o n of a m m o n i a . C. F . Bucho lz o b t a i n e d a pa le b lue oxide wh ich 
J . J . Berze l ius s u p p o s e d t o be t h e s a m e as t h e g reen ox ide . W . M u t h m a n n cou ld 
n o t p r e p a r e a n ol ive-green ox ide of c o n s t a n t compos i t i on . J . R e i c h o b t a i n e d t h e 
b lue soln. b y t h e ac t ion of l ead on a soln. of m o l y b d i c ac id ; a n d t h e g reen soln. b y 
the e lectrolysis of a soln. of 2 g r ins , of m o l y b d e n u m t r iox ide in aq . a m m o n i a m i x e d 
w i t h su lphur i c ac id a n d d i l u t e d w i t h w a t e r , b y m e a n s of p l a t in i zed p l a t i n u m 
e lec t rodes a n d a c u r r e n t d e n s i t y of 0-5 a m p . pe r sq. d m . M a n y b lue oxides h a v e 
been r e p o r t e d , a n d t h e differences in t h e ana lys i s p r o b a b l y t u r n on t h e p resence 
of va r i ab l e p r o p o r t i o n s of m o l y b d e n u m t r i ox ide . M. G u i c h a r d a d d e d t h a t if t h e 
t r i ox ide be r e m o v e d b y successive w a s h i n g w i t h soda a n d h y d r o c h l o r i c acid , 
m o l y b d e n u m d iox ide is t h e sole ox ide fo rmed b y t h e ac t i on of h e a t on a m i x t u r e of 
m o l y b d e n u m t r i ox ide a n d a m m o n i u m m o l y b d a t e , or b y t h e e lect rolys is of fused 
m o l y b d e n u m t r iox ide . 

Acco rd ing t o W . M u t h m a n n , t h e b lue oxide wh ich is fo rmed b y t h e a c t i o n of 
r e d u c i n g a g e n t s on soln. of m o l y b d i c acid, or b y boi l ing m o l y b d e n y l s u l p h a t e w i t h 
p o w d e r e d m o l y b d e n u m , is m o l y b d e n u m tri toctoxide, M o 3 O 8 . T h e ol ive-green 
ox ide p r e p a r e d b y J . J . Berze l ius is p r o b a b l y a m i x t u r e of t h i s ox ide w i t h t h e 
t e t r a h y d r o x i d e , M o ( O H ) 4 . If a soln. of m o l y b d e n u m in cone , su lphur i c ac id be 
h e a t e d t o a h igh t e m p . , a m i x t u r e of t h e t r i t o c t o x i d e a n d t r i o x i d e is fo rmed . 
A. R o g e r s a n d F . H . Mitchel l o b t a i n e d t h e t r i t o c t o x i d e b y a d d i n g s t a n n o u s ch lor ide 
t o a soln. of a m m o n i u m m o l y b d a t e s l igh t ly acidified w i t h n i t r i c ac id ; w a s h i n g t h e 
p r e c i p i t a t e a s qu i ck ly as poss ible ; a n d d r y i n g i t a t 100°. Accord ing t o 
L . A. M u n r o , b y t h e a d d i t i o n of excess of s t a n n o u s ch lor ide , a g reen a n d t h e n b r o w n 
soln. c a n b e o b t a i n e d d u e t o fu r the r ( reversible) r e d u c t i o n . M o l y b d e n u m - b l u e 
fo rms a (nega t ive) col loidal soln. wh ich c a n be b l eached b y a n i m a l cha rcoa l , p a r t l y 
b y a b s o r p t i o n a n d p a r t l y b y o x i d a t i o n . I t c a n a lso be o b t a i n e d in t h e c rys ta l lo ida l 
f o r m b y d ia lyz ing t h e col loidal soln. , p r e c i p i t a t i n g t h e h y d r o g e l w i th a m m o n i u m 
chlor ide , a n d e v a p o r a t i n g t h e r e m a i n i n g soln. E . J . Mi l la rd o b t a i n e d t h e blue 
ox ide b y a d d i n g a soln. of a m m o n i u m m o l y b d a t e a n d a l i t t le s u l p h u r o u s ac id t o a 
soln. of h y p o p h o s p h i t e ; H . Buff, b y t h e e lec t ro lys is of m o l t e n m o l y b d e n u m t r i ox ide 
w i t h p l a t i n u m e lec t rodes ; C F . R a m m e l s b e r g , b y h e a t i n g a m m o n i u m m o l y b d e n u m 
d i o x y m o l y b d a t e in a closed vessel ; C. B a r w a l d , b y m e l t i n g a m i x t u r e of a m m o n i u m 
p e r o x y m o l y b d a t e a n d m o l y b d e n u m t r i ox ide in a closed vessel ; a n d N . J . Ber l in , 
b y me l t i ng a m i x t u r e of a m m o n i u m 3 : 7 - m o l y b d a t e a n d m o l y b d e n u m t r i ox ide in 
a covered crucible , a n d wash ing t h e p r o d u c t w i t h a q . a m m o n i a — E . U h r l a u b said 
t h a t t h e p r o d u c t is c o n t a m i n a t e d w i t h n i t r i de . A n a l y s e s in a g r e e m e n t w i t h M o 3 O 8 
were m a d e b y W . M u t h m a n n , C. B a r w a l d , N . J . Ber l in , a n d C. F . R a m m e l s b e r g . 
Li. A . M u n r o found t h a t t h e fo rmu la o b t a i n e d b y ana ly s i s of t h e h y d r o g e l is app rox i ­
m a t e l y M o 3 O 8 - H 2 O , b u t s ince t h e s u b s t a n c e is r e a d i l y soluble in a lcohol t h e w a t e r 
is p r o b a b l y n o t c o m b i n e d a s h y d r a t e ; hence t h e t r u e fo rmula is Mo 3 O 8 . This 
ox ide w a s sa id b y H . Buff t o fo rm coppe r - r ed c r y s t a l p l a t e s ; a n d b y O. Ba rwa ld , 
a b lu i sh-v io le t c rys ta l l ine p o w d e r . H . Buff obse rved t h a t t h e oxide is a good 
c o n d u c t o r of e lec t r ic i ty , a n d t h a t in a i r i t a cqu i r e s a b lu ish film. A. Roge r s a n d 
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F . H . Mitchel l sa id t h a t t h e ox ide is m o r e eas i ly r e d u c e d b y h y d r o g e n t h a n is 
m o l y b d e n u m t r i ox ide . W . M u t h m a n n sa id t h a t t h e t r i t o c t o x i d e is n o t a t t a c k e d b y 
hyd roch lo r i c a n d su lphu r i c ac ids , o r b y a q . a m m o n i a ; i t is eas i ly oxid ized b y n i t r i c 
ac id ; a n d i t is d e c o m p o s e d b y a lka l i - lye . Accord ing t o J . D u c l a u x a n d R . T i te ica , 
m o l y b d e n u m b lue is a n ac id c o m p a r a b l e in s t r e n g t h w i t h m i n e r a l ac ids , t h e 
colloidal a n i o n of w h i c h c o n t a i n s m o l y b d e n u m in t w o s t a t e s of o x i d a t i o n a n d is 
c apab l e of u n i o n w i t h me ta l l i c ions t o fo rm sa l t s . M o l y b d e n u m - b l u e is pecu l i a r i n 
i t s so lubi l i ty in a l a rge n u m b e r of o rgan ic so lvents , wh i l s t i t is inso lub le i n all 
l iqu ids of low d ie lec t r ic c o n s t a n t . W h e n ce r t a in o rgan ic so lven t s a r e s h a k e n w i t h 
a n a q . soln. of m o l y b d e n u m - b l u e , t h e a q . soln. is a l m o s t i m m e d i a t e l y decolor ized, 
t h e m o l y b d e n u m c o m p o u n d pas s ing i n t o t h e o rgan ic l i qu id p h a s e . T h i s is t h e first 
e x a m p l e r e c o r d e d of a colloid pass ing f rom one so lven t i n t o a n o t h e r ; g lycero l 
a p p e a r s t o b e t h e b e s t so lven t . T h e solubi l i ty in b u t y l a lcohol p r o v i d e s a r a p i d 
m e a n s of pur i fy ing m o l y b d e n u m - b l u e b y e x t r a c t i o n of t h e a q . soln. 

H . Hofe r 2 desc r ibed a complex m o l y b d e n u m ox ide w h i c h h e f o u n d e m b e d d e d in 
t h e b a r y t e s a n d wul fen i te a t Ble iberg , Ca r in th i a . I t a p p e a r e d t o h a v e b e e n f o r m e d 
b y t h e d e c o m p o s i t i o n of t h e m e t a l m o l y b d a t e s b y ac id ic w a t e r s . W . T . Schal ler 
sugges t ed t h a t i t is f o r m e d b y t h e a l t e r a t i o n of m o l y b d e n i t e , jo rd i s i t e , wul feni te , 
a n d m o l y b d o s o d a l i t e . H . Hofer cal led t h e m i n e r a l i l s emanni t e—af te r 
J . C. I l s e m a n n . I l s e m a n n i t e is b lu i sh-b lack o r b l ack , a n d c r y p t o c r y s t a l l i n e . I t 
b e c o m e s b l u e o n e x p o s u r e t o air , a n d i t h a s been cal led natural molybdenum blue. 
I t fo rms a d e e p b lue soln. w i t h w a t e r ; a n d t h e a q . so ln . y ie lds b lue c r y s t a l s on 
e v a p o r a t i o n . H . Hofe r cons idered i t t o h a v e t h e c o m p o s i t i o n of J . J . Berzelius* 
MoO 2 -4MoO 3 ; C. F . R a m m e l s b e r g gave t h e fo rmula M o 2 O 5 , or MoO 2 -MoO 3 . 
W . M u t h m a n n sa id t h a t i t s compos i t ion is n o t Mo 5 O 1 4 , a s s u p p o s e d b y H . Hofer , 
b u t is n e a r e r t o M o 3 O 8 . More p r o b a b l y , i l s emann i t e is a m i x t u r e . F . Co rnu r ep re ­
s e n t e d i t a s col lo idal m o l y b d e n u m tritoctoxide, M o 3 O 8 . n H 2 0 , a n d a d d e d t h a t i t is 
t h e o n l y revers ib le colloid occur r ing in n a t u r e . T h e s u b j e c t w a s d iscussed b y 
A. H i m m e l b a u e r , E . D i t t l e r , F . L . H e s s , H . F . Y a n c e y , a n d C. W . G r e e n l a n d . 
W . T . Schal le r o b t a i n e d f rom O u r a y , U t a h , a m i n e r a l of t h e c o m p o s i t i o n 
M o 0 3 . S 0 3 . 5 H 2 0 , w h i c h h e ca l led i l s emann i t e , b u t H . F . Y a n c e y d i d n o t a g r e e t h a t 
t h i s r e p r e s e n t s t h e c o m p o s i t i o n of i l s emann i t e . E . D i t t l e r s u p p o s e d i l s e m a n n i t e 
t o b e a n o x i d a t i o n p r o d u c t of m o l y b d e n i t e . W h e n m o l y b d e n u m s u l p h a t e soln. 
a r e t r e a t e d w i t h ferrous s u l p h a t e , free m o l y b d e n u m t r i o x i d e s e p a r a t e s . Th i s when 
w a s h e d c o n t a i n s n o i ron or s u l p h a t e , b u t is r e d u c e d t o M o 3 O 8 - H 2 O . S o m e va r i e t i e s 
a r e free f rom i ron , so t h a t W . T . Schal ler ' s hypo thes i s is b a s e d o n s a m p l e s in which 
t h e s u l p h a t e w a s a n a c c i d e n t a l c o n s t i t u e n t . 

W . Bi l t z 3 p r e p a r e d colloidal m o l y b d e n u m t r i t o c t o x i d e , a n d found t h a t t h e 
h y d r o s o l passes t o t h e a n o d e o n electrolysis . A. D u m a n s k y s h o w e d t h a t w h e n 
m o l y b d e n u m t r i o x i d e s u s p e n d e d in wa te r , is h e a t e d o n a w a t e r - b a t h wi th a la rge 
excess of p o w d e r e d me ta l l i c m o l y b d e n u m , a soln. of t h e ox ide M o 3 O 8 is o b t a i n e d , 
wh ich , a cco rd ing t o c ryoscopic m e a s u r e m e n t s , c o n t a i n s u n p o l y m e r i z e d mols . of 
t h e ox ide . O n a d d i t i o n of a m m o n i u m chlor ide , b a r i u m chlor ide , a n d o t h e r s a l t s 
t o t h i s soln. , p o l y m e r i z a t i o n t a k e s p lace , a n d t h e ox ide passes i n t o t h e col loidal 
fo rm. W . B i l t z found t h a t t h e colloid is a d s o r b e d from i t s sol b y fibres of c o t t o n , 
wool , a n d especia l ly si lk. C. Winss inge r obse rved t h a t t h e a b s o r p t i o n s p e c t r u m is 
s imi la r t o t h a t p r o d u c e d hy col loidal m o l y b d e n u m su lph ide . 

C. F . B u c h o l z p r e p a r e d w h a t a p p e a r s t o h a v e b e e n t h e col loidal pentahydrate 
of m o l y b d e n u m t r i t o c t o x i d e b y expos ing m o i s t m o l y b d e n u m , o r t h e h y d r a t e d 
t r i o x i d e t o a i r for a long t i m e , or boi l ing t h e s e subs t ances w i t h w a t e r i n a n o p e n 
vessel . H e a lso m a d e i t b y boi l ing i n w a t e r a m i x t u r e of m o l y b d e n u m w i t h t w i c e 
i t s w e i g h t of m o l y b d e n u m t r iox ide , a n d e v a p o r a t i n g t h e b lue soln . o u t of c o n t a c t 
w i t h a i r , o r i n c o n t a c t w i t h m o l y b d e n u m . J . J . Berzel ius p r e p a r e d t h i s h y d r a t e 
b y m i x i n g a soln. of m o l y b d e n u m d i o x i d e in hydroch lo r i c ac id w i t h a soln . of 
a m m o n i u m 3 : 7 - m o l y b d a t e , a n d col lec t ing t h e p r e c i p i t a t e d ox ide w h i c h is w a s h e d , 
first w i t h w a t e r c o n t a i n i n g a m m o n i u m chlor ide , a n d t h e n w i t h a lcohol o r co ld w a t e r . 
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I t is d r i ed in air . O. M a s c h k e dissolved ca lc ium m o l y b d a t e in w a r m , di l . h y d r o ­
chlor ic ac id a n d a d d e d suc rose or glucose, boi led t h e m i x t u r e for a few m i n u t e s , 
a d d e d a soln. of s o d i u m o r c a l c ium chlor ide , a n d w a s h e d t h e p r e c i p i t a t e first w i t h 
t h e p r e c i p i t a n t a n d t h e n w i t h a l i t t le w a t e r . G-. M a r c h e t t i d i sso lved m o l y b d e n u m 
in cone , a q u a regia , a n d a f te r all t h e n i t r i c ac id h a d been expe l led b y e v a p o r a t i n g 
t h e soln. on a w a t e r - b a t h , wi th t h e a d d i t i o n of hydroch lo r i c ac id , d i l u t e d t h e 
filtered soln. , a n d r educed i t b y a n e lectr ic cu r r en t . T h e d a r k b lue l i qu id y ie lds 
c rys t a l s of t h e p e n t a h y d r a t e . C. F . Bucho lz desc r ibed his p r o d u c t a s a d a r k 
ind igo-b lue p o w d e r ; a n d G. M a r c h e t t i o b t a i n e d d a r k b lue , a l m o s t b lack , t r ic l in ic 
c ry s t a l s . J . J . Berzel ius sa id t h a t al l t h e w a t e r c a n b e d r i v e n off b y h e a t i n g t h e 
c ry s t a l s i n v a c u o . C. F . Bucho lz sa id t h a t t h e sa l t is fair ly soluble in w a t e r fo rming 
a b lue soln. wh ich , a cco rd ing t o G-. M a r c h e t t i , does n o t g ive a p r e c i p i t a t e on a d d i n g 
a m m o n i u m chlor ide . Cryoscopic d e t e r m i n a t i o n s s h o w t h a t i n a q . soln. t h e p e n t a ­
h y d r a t e is n e i t h e r ion ized n o r po lymer i zed . J . J". Berze l ius sa id t h a t t h e a q . soln. 
becomes pa le r i n a i r owing t o o x i d a t i o n . Alcohol dissolves a l i t t l e of t h e h y d r a t e d 
ox ide . O. M a s c h k e f o u n d t h a t t h e a q . soln. is eas i ly decolor ized b y alkal ies , 
chlor ine , n i t r o u s ac id , h y d r o g e n d iox ide , p e r m a n g a n i c ac id , e t c . L . S c h o n n sa id 
t h a t t h e b lue soln. is first decolor ized b y h y d r o g e n d iox ide , a n d t h e n fo rms a yellow 
l iquid . Acco rd ing t o G. M a r c h e t t i , aq . a m m o n i a , a n d a lkal i - lye e x t r a c t m o l y b d e n u m 
t r i ox ide a n d leave t h e d iox ide ; wh i l s t v e r y d i l u t e a lka l i - lye d issolves all t h e oxide , 
a n d w h e n t h e soln. is boi led , i t depos i t s m o l y b d e n u m d iox ide . Acids d o n o t a p p e a r 
t o form sa l t s . C. F . R a m m e l s b e r g o b t a i n e d a m m o n i u m dimolybdi te tramolybdate , 
( N H 4 ) 2 0 . 2 M o 0 2 . 4 M o 0 3 . 9 H 2 0 , o r ( N H 4 ) 2 0 . ( . M o 3 0 8 ) 2 . 9 H 2 0 , a s b r o w n c rys t a l s u n d e r 
t h e b lue p r e c i p i t a t e b y a l lowing a m i x e d soln. of m o l y b d e n u m d iox ide a n d 
a m m o n i u m m o l y b d a t e in h y d r o c h l o r i c ac id t o s t a n d for s o m e t i m e . T h e b r o w n 
c rys t a l s fo rm a b r o w n soln. w i t h w a t e r , a n d t h e a d d i t i o n of s i lver n i t r a t e t o t h e 
soln. g ives a yel low p r e c i p i t a t e so luble in n i t r i c ac id . T h e s a l t g ives off w a t e r a n d 
a m m o n i a w h e n h e a t e d . 

Accord ing t o C. F . R a m m e l s b e r g , 4 t h e p r e c i p i t a t e f o r m e d o n m i x i n g a h y d r o ­
chlor ic ac id soln . of m o l y b d e n u m d iox ide a n d m o l y b d i c ac id , w h e n w a s h e d w i t h a n 
a lcohol ic soln. of a m m o n i u m chlor ide , a n d d r i ed ove r s u l p h u r i c acid, is t h e tri-
hydrate of m o l y b d e n u m h e m i p e n t o x i d e , M o 2 0 5 . 3 H 2 0 , or M o O ( O H ) 3 . J . R e i c h 
sa id t h a t t h e e l ec t ro - reduc t ion of a soln. of 2 g r m s . of m o l y b d e n u m t r iox ide in 
11 g r m s . of s u l p h u r i c ac id , a n d 100 c.c. of w a t e r w i t h a c u r r e n t d e n s i t y of 0-005 a m p . 
p e r sq . d m . , a n d 0-49 v o l t g ives a b lue d e p o s i t of t h e h e m i p e n t o x i d e . P . K l a s o n 
m a d e i t b y a d d i n g e x a c t l y t h r e e mols of a m m o n i a t o a n a q . soln. of a mo l of 
a m m o n i u m m o l y b d e n y l ch lor ide . T h e p r e c i p i t a t e r e sembles f resh ly -prec ip i t a ted 
ferr ic h y d r o x i d e , o n l y i t is b r i g h t e r i n co lour ; s o d i u m a c e t a t e c a n also be u sed as 
a p r e c i p i t a n t . I t is so lub le in w a t e r t o t h e e x t e n t of 2 p a r t s in IOOO, b u t insoluble 
in t h e p resence of a m m o n i u m ch lo r ide ; i t h a s no ac id p rope r t i e s , s ince i t does n o t 
d issolve in a q . a lka l i h y d r o x i d e s , a n d is on ly s l igh t ly so luble in a m m o n i a a n d a lka l i 
c a r b o n a t e s . If i n i t s p r e p a r a t i o n a n excess of a m m o n i a be used , t h e h y d r o x i d e is 
p a r t i a l l y decomposed , a n d t h e filtered soln. c o n t a i n s m u c h m o l y b d i c ac id , as s t a t e d 
b y H . D e b r a y . P . K l a s o n a d d e d t h a t m o l y b d e n u m blue does n o t c o n t a i n m o l y b d e n u m 
d iox ide a s a s s u m e d b y M. G u i c h a r d , b u t r a t h e r t h e h e m i p e n t o x i d e . T h e a n h y d r o u s 
ox ide , M o 2 O 5 , w a s o b t a i n e d b y C. F . R a m m e l s b e r g , b y d e h y r a t i n g t h e h y d r a t e in 
v a c u o ; or, in a c u r r e n t of c a r b o n d iox ide . E . P e c h a r d o b t a i n e d i t b y h e a t i n g a 
m i x t u r e of a m m o n i u m m o l y b d a t e , p o t a s s i u m iodide , a n d hydroch lo r i c ac id . 
E . F r i ede r i ch a n d X». S i t t i g o b t a i n e d t h e h e m i p e n t o x i d e b y h e a t i n g t o a b o u t 1200° a 
m i x t u r e of 2*4 g r m s . of m o l y b d e n u m p o w d e r a n d 18 g r m s . of m o l y b d e n u m t r iox ide . 
E . F r i ede r i ch g a v e 9-5 o h m s for t h e res i s tance of a m e t r e wire 1 sq . m m . cross-
sec t ion . E . F . S m i t h a n d V. Obe rho l t zne r t r e a t e d t h e t r i ox ide a t 105 0 -120° w i t h 
d r y h y d r o g e n iodide , a n d o b t a i n e d a b lue hemitrihydrate, Mo 2 O 5 - I *5H 2 0 , which 
w a s s t a b l e in air , a n d a t a r e d - h e a t furn ished b r o w n h e m i p e n t o x i d e . W . W a r d l a w 
a n d F . H . Nichol ls o b t a i n e d m o l y b d e n u m h e m i p e n t o x i d e , Mo 2 O 6 , b y h e a t i n g t h e 
o x y s u l p h a t e , Mo 2 0(S0 4 ) 2 —>Moo0 5 - f -2S0 2 , or t h e o x y o x a l a t e , Mo 2 O(C 2 0 4 ) 2 - > M o 2 O 5 
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+ 4 C O . I n opposi t ion t o t h e s t a t e m e n t of M. Gkuchard, t h e p e n t o x i d e is a l m o s t 
u n c h a n g e d w h e n boiled five successive t i m e s in aq . a m m o n i a , washed w i t h dis t i l led 
wa te r , a n d dr ied a t 100°. A l i t t le m o l y b d e n u m passes i n t o soln., b u t t h e r e is n o 
evidence t h a t t h e p r o d u c t is i m p u r e d iox ide . J . Vrede found t h e oxide h a s n o va lue 
as a rad io -de tec to r ; a n d W . Meissner, t h a t i t is n o t a supe r -conduc to r . E . F r i ede r i ch 
a n d L . Si t t ig , found t h e sp . r es i s tance of t he d a r k viole t h e m i p e n t o x i d e t o be 
9-5 X 10""4 o h m a t 1000°, a n d t h e t e m p . coefE. is nega t ive . A. Schulze discussed t h e 
supe r -conduc t ing qua l i t i es of t h e oxide . E . N e w b e r y a n d J . N . P r i n g found t h a t t h e 
pen tox ide is r educed t o t h e m o n o x i d e b y h y d r o g e n a t 2000° a n d 150 a t m . press . 
The v io le t -b lack powder , sa id E . P e c h a r d , is easily soluble in wa te r , a n d when 
h y d r o g e n d ioxide is a d d e d t o t h e d a r k b lue aq . soln., t h e colour becomes green, a n d 
t h e n yellow. P . K lason , a n d W . W a r d l a w a n d F . H . Nicholls , sa id t h a t t h e h e m i ­
p e n t o x i d e dissolves wi th difficulty in hydrochlor ic a n d su lphur ic ac ids , a n d t h i s 
t h e m o r e slowly, t h e h igher t h e t e m p , of p r e p a r a t i o n . Gr. Re i s saus , E . F r i cke , 
G. Unger , a n d E . Mil Her s tud i ed t h e e lec t romet r ic ox ida t ion of soln. of q u i n q u e -
v a l e n t m o l y b d e n u m wi th p e r m a n g a n a t e . S. Ghosh a n d N . R . D h a r s tud i ed t h e 
sens i t iza t ion of t h e nega t i ve colloid, b y o the r colloids. G. A. Barb ie r i s t ud i ed t h e 
ac t ion of m o l y b d e n u m h e m i p e n t o x i d e on formic a n d oxal ic ac ids . P . S a b a t i e r 
a n d A. Mailhe, a n d J . N . Pea rce a n d A. M. A l v a r a d o s tud i ed t h e d e h y d r a t i n g 
ac t ion on e thy l alcohol . P . Saba t i e r a n d A. Mailhe, a n d J . N . P e a r c e a n d 
A. M. A l v a r a d o observed t h a t t h i s ox ide ac t s ca t a ly t i ca l ly in decompos ing formic 
acid i n t o ca rbon d ioxide , c a r b o n monox ide , wa te r , a n d h y d r o g e n ; a n d formalde­
h y d e , i n t o c a r b o n d ioxide a n d wa t e r . T h e h e m i p e n t o x i d e was also p r e p a r e d b y 
F . MawrofT a n d M. NikolofiP, w h o also obse rved t h a t w h e n t h e v io le t m o l y b d e n u m 
o x y h y p o p h o s p h i t e is r u b b e d wi th a q u a a m m o n i a , t h e ye l lowish-brown p r e c i p i t a t e 
c an be washed a n d dr ied . I t dissolves spa r ing ly in wa te r , a n d t h e aq . soln . h a s a 
n e u t r a l reac t ion . If d issolved in acids , a n d p rec ip i t a t ed b y a m m o n i a , a n d w a s h e d 
wi th dil . aq . a m m o n i a a n d t h e n w i t h abso lu te alcohol, t h e res idue h a s t h e com­
posi t ion of a m m o n i u m m o l y b d e n u m hemipentox ide , N H 4 M o 2 O 5 . 3 H 2 O , which , 
w h e n igni ted in a c u r r e n t of ca rbon d iox ide , yields m o l y b d e n u m p e n t o x i d e . If 
sod ium h y d r o x i d e soln. be used in p lace of a m m o n i a , s o d i u m m o l y b d e n u m h e m i ­
pentoxide, N a M o 2 O 5 . 3 H 2 O , is fo rmed , a n d th i s , on igni t ion, y ie lds t h e a n h y d r o u s 
form NaMo2O5. Similarly also with the hydrate barium molybdenum hemi­
pentoxide, BaMo2O5 .3H2O, and the anhydrous BaMo2O5. 

J . J . Berzel ius 5 o b t a i n e d w h a t he r ega rded as m o l y b d e n u m pent i tatetradeca-
oxide, Mo 5 O 1 4 , or MoO 2 .4MoO 3 , b y h e a t i n g m o l y b d e n u m or one of t h e lower ox ides 
in a i r for a s h o r t t i m e . C. F . H a m m e l s b e r g ob t a ined t h e hexahydruie b y a l lowing 
a n aq . soln. of mo lybd ic ac id t o s t a n d in c o n t a c t w i th r educed m o l y b d e n u m for 
some days , a n d t h e n s h a k i n g u p t h e fil tered, b lue l iqu id w i t h a n excess of 
m o l y b d e n u m for some d a y s . M. G u i c h a r d said t h a t t h i s c o m p o u n d is bes t 
o b t a i n e d b y m i x i n g cold, di l . hydroch lo r i c ac id soln. of m o l y b d e n u m d iox ide a n d 
a m m o n i u m m o l y b d a t e ; t h e hydroch lo r i c ac id shou ld be t h a t of sp . gr . 1-18 d i l u t e d 
wi th 9 p a r t s of wa te r , t h i s b r ing ing a b o u t comple te p r e c i p i t a t i o n w i t h o u t d e c o m ­
posi t ion . A m o r e cone, ac id decomposes t h e oxide . T h e p r o d u c t t h u s ob t a ined 
is nea r ly insoluble in cold water , a l t h o u g h t h a t p r e p a r e d b y C. F . H a m m e l s b e r g , 
b y p rec ip i t a t ion a t 50°, is easi ly soluble ; a n aq . soln. of t h e ox ide is r e ad i l y o b t a i n e d 
b y leav ing m o l y b d e n u m t r iox ide a n d meta l l i c m o l y b d e n u m in c o n t a c t i n w a t e r . 
T h e oxide ob t a ined b y 2>recipitation is a d a r k b lue powder of s p . gr . 3-6 a t 18° ; 
b y t h e evapo ra t i on of i t s soln., i t is o b t a i n e d in v i t r eous , face ted f r agments , wh ich 
y e t a r e n o t t r u l y crys ta l l ine . I t dissolves in w a t e r a t 50°, b u t is insoluble in s a t . 
soln. of a m m o n i u m , sod ium a n d ca lc ium chlor ides , a n d p o t a s s i u m iod ide a n d 
n i t r a t e ; s od ium a n d m a g n e s i u m s u l p h a t e d o n o t a l t e r i t s so lubi l i ty . I t dissolves 
in 95 p e r cent , alcohol, a l t h o u g h i t is insoluble in m o s t organic so lven t s . W h e n h e a t e d 
in v a c u o or a n i n e r t gas , i t loses p a r t of i t s w a t e r a t 100°, a n d t h e r e s t n e a r a 
r ed -hea t , a non-homogeneous m i x t u r e of m o l y b d e n u m d iox ide a n d t r iox ide be ing 
formed. H y d r o g e n u l t i m a t e l y reduces i t t o t h e m e t a l ; chlor ine y ie lds t h e vo la t i l e 
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oxychloride, MoO 2 Cl 2 , a n d m o l y b d e n u m t r iox ide . C o n t r a r y t o J . J . Berze lms ' 
s t a t e m e n t , i t s lowly oxid izes in t h e air , a n d a t a r e d - h e a t oxygen r a p i d l y conve r t s 
i t i n t o t h e t r i ox ide . Gaseous h y d r o g e n chlor ide a t a r e d - h e a t a n d s u p e r h e a t e d 
s t e a m decompose i t , g iv ing m i x e d d iox ide a n d t r iox ide ; gaseous a m m o n i a gives 
in i t i a l ly t h e s a m e resu l t , b u t a t a r e d - h e a t r educes t h e ox ides t o t h e m e t a l . Ace t ic 
ac id does n o t affect i t ; b y cone , h y d r o c h l o r i c acid, i t is d issolved t o a ye l lowish- red 
soln. of m o l y b d e n u m t e t r ach lo r ide , b u t t h e ac t i on is a revers ib le one, s ince, on 
d i l u t i n g w i t h w a t e r , t h e b l u e ox ide is p r e c i p i t a t e d . W i t h su lphur ic acid, a l ike 
r e su l t is o b t a i n e d . K . v o n d e r H e i d e a n d K . A. H o f m a n n r e p o r t e d a m m o n i u m 
molybdi te tramolybdate , ( N H 4 J 2 O - M O O 2 ^ M O O 3 - G H 2 O , t o be formed b y h e a t i n g a n 
a q . soln. of a m m o n i u m m o l y b d a t e w i t h half i t s we igh t of h y d r o x y l a m i n e h y d r o ­
chlor ide on t h e w a t e r - b a t h u n t i l t h e o r a n g e p r e c i p i t a t e which is a t first fo rmed is 
d issolved, a n d a g r een i sh -b rown soln. is o b t a i n e d ; t h i s soln. is t h e n r ap id ly filtered, 
p r o t e c t e d f rom access of air , a n d a l lowed t o cool. T h e c o m p o u n d s e p a r a t e s in d a r k 
r ed c rys t a l s be long ing t o t h e t r ic l in ic s y s t e m ; d issolves g r a d u a l l y in w a t e r w i t h a 
redd ish-ye l low co lora t ion ; a n d is fa i r ly s t ab l e . I t g r a d u a l l y reduces Fel i l ing 's 
soln. in t h e cold a n d q u i c k l y w h e n h e a t e d . W i t h c o p p e r s u l p h a t e , i t gives a 
beaut i fu l , b lue co lora t ion ; w i th m e r c u r o u s a n d m e r c u r i c sa l t s , a flesh-coloured 
p r e c i p i t a t e ; w i t h l ead n i t r a t e , a ye l lowish -whi t e p r e c i p i t a t e ; a n d w i t h p o t a s s i u m 
t h i o c y a n a t e , an i n t ense red co lo ra t ion . I t is g r a d u a l l y d e c o m p o s e d b y di l . ac ids , 
a n d i t r educes a m m o n i a c a l s i lver soln . w i t h t h e s e p a r a t i o n of me ta l l i c silver. O t h e r 
a m m o n i a d e r i v a t i v e s w i t h t h e lower ox ides of m o l y b d e n u m , ana logous t o t h e 
c h r o m a m m i n e bases , could n o t b e p r e p a r e d . 

P . K l a s o n 6 o b t a i n e d a, so lub le o x i d e M o 2 0 O 4 1 . 2 I i T 2 O , or M o 2 O 5 . 1 8 M o O 3 . 2 1 H 2 O , b y 
e x p o s i n g a n a q . so ln . of a m m o n i u m m o l y b d e n y l ch lo r ide t o a i r . T h e solid furn ishes a 
b l u e so ln . w i t h -water, a n d i t is p r e c i p i t a t e d b y a d d i n g a m m o n i u m ch lo r ide . A c c o r d i n g t o 
W . M u t h m a i m , t h e o x i d e M o 5 O 1 2 , f irst d e s c r i b e d b y S". J. Be r l i n , is o b t a i n e d b y h e a t i n g a 
m i x t u r e of a m m o n i u m m o l y b d a t e w i t b t w i c e i t s w e i g h t of m o l y b d e n u m t r i o x i d e . T h e 
p r o d u c t is r e p e a t e d l y e x t r a c t e d w i t h a m m o n i a , a n d final ly w i t h co n e , h y d r o c h l o r i c ac id t o 
r e m o v e a c o m p o u n d of m o l y b d e n u m a n d n i t r o g e n . T h i s o x i d e is n o t a t t a c k e d b y a lka l i - lye , 
b u t i t d i sso lves i n w a r m cone , s u l p h u r i c ac id , f o r m i n g a g reen so ln . , w h i c h eas i ly p a r t s w i t h 
s u l p h u r d i o x i d e , a n d t u r n s b l u e . N i t r i c ac id , a q u a reg ia , a n d c h l o r i n e - w a t e r c o n v e r t 
M o 5 O 1 2 i n t o t h e t r i o x i d e . H . O . Schu lze o b t a i n e d M o 4 O 1 1 , or M o 2 O 3 . 2 M o O 4 , b y h e a t i n g 
a m i x t u r e of p o t a s s i u m iod ide a n d m o l y b d e n u m t r i o x i d e ; O. B a i l h a o h e , t h e heocahydrate 
b y t h e a c t i o n of b a r i u m m o l y b d a t e o n t h e o x y s u l p h a t e , M o 2 O 5 . 2 8 O 4 ; G. B a i l h a e h e , 
M o 2 0 O 5 7 . 1 8 M 2 O , o r 2 M o 2 O 3 . 2 M o 7 O 2 4 . 1 8 H 2 O , b y t h e a c t i o n of b a r i u m 3 : 7 - m o l y b d a t o on 
M o 2 O 5 . 2 S O 4 ; A . J u n i u s , M o 7 O 2 0 , b y t h e e l ec t ro lys i s of a h y d r o c h l o r i c ac id soln . of 
o r d i n a r y a m m o n i u m p a r a m o l y b d a t e , o r of s o d i u m m o l y b d a t e ; a n d P . K l a s o n , 
M o J 1 nO 7 7 .24H 2O, o r M o 2 O 5 . 2 4 M o O 3 . 2 4 H 2 O , b y e x p o s i n g a n a q . so ln . of a m m o n i u m 
m o l y b d e n y l ch lo r ide t o o x i d a t i o n b y a i r for s e v e r a l m o n t h s . T h e r e is n o t h i n g t o s h o w 
t h a t t h e s e p r o d u c t s a r e n o t m e r e l y a r b i t r a r y i n t e r m e d i a t e s t a g e s in t h e r e d u c t i o n of 
m o l y b d e n u m t r i o x i d e . S o m e s u g g e s t i o n s h a v e b e e n m a d e for t h e u se of t h e b lue ox ides 
of m o l y b d e n u m a s p i g m e n t s vide supra* t h e u se s of m o l y b d e n u m . H y d r o s o l s of molyb­
denum blue w e r e f o u n d b y P . L a I a n d P . B . G a n g u l y t o be c o a g u l a t e d b y u l t r a - v i o l e t l i gh t . 
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§ 10. Molybdenum Trioxide and its Hydrates 
D . Li. G. K a r s t e n 1 r ecognized a ye l low e a r t h a s soc ia t ed w i t h t h e m o l y b d e n i t e 

a t N u m m e d a l e n , N o r w a y , a s a m i n e r a l species wh ich h e called molybdic ochre 
-—Wasserbleiocker, a n d Molybdanocher ; J . F . L . H a u s m a n n sa id t h a t t h e essent ia l 
c o n s t i t u e n t is m o l y b d e n u m o x i d e ; a n d J . J . Berze l ius , a n d F . v o n Kobe l l , 
m o l y b d e n u m t r i o x i d e . R . P . Greg a n d W . G. Liet tsom cal led i t ntolybdin, a n d 
A . B r e i t h a u p t , molybdi te . I t a p p e a r s a s a n o x i d a t i o n p r o d u c t of m o l y b d e n i t e . 
W . T . Scha l l e r r e p r e s e n t e d t h e c o m p o s i t i o n of s a m p l e s f rom California ; W e s t ­
m o r e l a n d , N e w H a m p s h i r e ; Te l lu r ide , Colorado ; a n d Renf rew, O n t a r i o , b y 
F e 2 0 3 . 3 M o 0 3 . 7 | - H 2 0 — v i d e infra, ferric m o l y b d a t e ; a n d F . N . Gui ld , t h a t of a 
s a m p l e f rom S a n t a R i t a Ar i zona , b y Fe 2 O 3 -SMoO 3 -TH 2 O. D . D . Owen h a d 
p rev ious ly sugges t ed t h a t t h e m o l y b d i c ochre f rom N e v a d a Ci ty , California, is a 
ferric m o l y b d a t e , b u t F . A. G e n t h r e g a r d e d t h i s s a m p l e a s a m o l y b d i c ochre m i x e d 
w i t h l i m o n i t e — P . P . P i l i p e n k o ca l led t h e f e r rug inous m i n e r a l f e r r imo lybd i t e 
—vide infra, ferric m o l y b d a t e . 

O c c u r r e n c e s h a v e b e e n n o t e d a t C a l d b e c k Fe l l , C u m b e r l a n d , b y R . P . G r e g a n d 
W . G. L e t t s o m ; a t M o u n t C o r y b y a n d T u l l o c h , S c o t l a n d , b y R . P . G r e g a n d AV. G. L e t t s o m , 
a n d M . F. H e d d l e ; a t C r e u x a n d V a u b r y , S a i n t - L e o n a r d , V i l a t i , e t c . , F r a n c e , b y A . L a c r o i x ; 
n e a r P o r t o , P o r t u g a l , b y C. F . A . T e n n e a n d S. C a l d e r o n ; i n N o v a r a , a n d S a r d i n i a , I t a l y , 
b y W . P . J o r v i s , a n d T). L o v i s a t o ; i n G l a r u s , S w i t z e r l a n d , b y E . S t o h r , a n d G. A . iCei ingot t ; 
a t P f i t sch , T y r o l , b y C. C. v o n L e o n h a r d , a n d J . F . L . H a u s m a n n ; a t Be rgg ie s th i i be l , a n d 
A l t e n b e r g , S a x o n y , b y A. B r e i t b a u p t , a n d A. F r e n z e l ; a t S c h l a g g e n w a l d , b y V . v o n 
Z e p h a r o v i c h , a t N u m m e d a l e n , N o r w a y , b y D . L . G. K a r s t e n ; a t L i i i n a s , a n d B i s p b e r g , 
S w e d e n , b y C. C. v o n L e o n h a r d , W . H i s i n g e r , a n d J . F . L . H a u s m a n n ; P i t k a r a n t a , F i n l a n d , 
b y A . B r e i t h a u p t ; o n t h e A d u n - C h a l o n M o u n t a i n s , S ibe r i a , b y J . D . D a n a ; i n V ic to r i a , 
a n d T a s m a n i a , b y G. H . F . XJlrich, a n d W . F . P e t t e r d ; i n S t . F e r n a n d o , Chi le , b y 
I . D o m e y k o ; i n H u a y l a s , P e r u , b y A . R a i m o n d i ; i n M e x i c o , b y C. F . d e L a n d e r o ; i n 
N e v a d a , T e x a s , Georg ia , N o r t h Ca ro l i na , P e n n s y l v a n i a , a n d N e w H a m p s h i r e , XJnited S t a t e s , 
b y D . D . O w e n , F . A . G e n t h , W . E . H i d d e n a n d J . B . M a c k i n t o s h , W . T . Scha l le r , 
F . N . Gui ld , T . S. H u n t , P . G r o t h , a n d J . D . D a n a ; a n d i n Q u e b e c , a n d O n t a r i o , C a n a d a , 
b y G. C. H o f f m a n n . 

T h e e n d - p r o d u c t s of t h e o x i d a t i o n of m o l y b d e n u m , a n d , n a t u r a l l y , of t h e lower 
ox ides , is m o l y b d e n u m trioxide, MoO 3 . J . J . Berze l ius o b t a i n e d t h e t r i ox ide b y 
r o a s t i n g m o l y b d e n u m s u l p h i d e in a i r . Acco rd ing t o H . V . R e g n a u l t , 2 i t is fo rmed 
w h e n s t e a m a c t s on t h e r e d - h o t m e t a l , or on a lower ox ide ; a n d , accord ing t o 
J . v o n Lieb ig , w h e n heated, p o t a s s i u m h y d r o x i d e a c t s o n t h e m e t a l — i n t h a t case , 
h y d r o g e n is evo lved . J . J . Berze l ius o b t a i n e d t h e t r i o x i d e b y t h e ac t ion of a n 
excess of n i t r i c ac id on m o l y b d e n u m or i t s lower oxides , a n d e i the r e v a p o r a t i n g 
t h e soln. t o d r y n e s s a n d ign i t ing , or a l lowing t h e soln . t o e v a p o r a t e s p o n t a n e o u s l y . 
C. W . Scheele also o b t a i n e d m o l y b d e n u m t r i ox ide b y t h e ac t i on of n i t r i c acid on 
m o l y b d e n i t e . T h e e x t r a c t i o n of m o l y b d a t e s f rom m o l y b d e n i t e o r wul feni te h a s 
b e e n p rev ious ly descr ibed , a n d J . J . Berze l ius , a n d GL C. W i t t s t e i n ob ta ined 
m o l y b d e n u m t r i o x i d e f rom t h e a m m o n i u m sa l t b y h e a t i n g i t in a n o p e n crucible 
a t a t e m p , be low t h e fusion p o i n t . I n t h e r o a s t i n g of a m m o n i u m m o l y b d a t e t h e 
r e s idua l m o l y b d e n u m t r i ox ide is m o r e or less r educed , a n d L . O t t , a n d W . M u t h m a n n 
sa id t h a t i t s hou ld b e h e a t e d t o du l l r edness for 4 or 5 h r s . in a c u r r e n t of oxygen . 
i t . S t ie r l in o b t a i n e d t h e t r i o x i d e b y s u b l i m a t i o n f rom a m m o n i u m p h o s p h a t o -

, m o l y b d a t e ; a n d F . E l i a s h e a t e d m o l y b d e n u m p h o s p h a t e w i t h a soln. of phosphor ic 
ac id in a sealed t u b e a t 140° a n d o b t a i n e d mic rocrys ta l l ine m o l y b d e n u m t r iox ide . 
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T h e pur i f ica t ion of mo lybd ic ac id is descr ibed in connec t ion w i t h t h e r ecove ry of 
m o l y b d e n u m from l a b o r a t o r y res idues where t h e t r iox ide is a s soc ia t ed w i t h m o r e 
or less phosphor ic acid . P . K l a s o n found commerc ia l m o l y b d e n u m t r i o x i d e of 
t h e compos i t ion N H 3 - S M o O 3 ^ H 2 O . H . D e b r a y found c o m m e r c i a l m o l y b d e n u m 
t r iox ide assoc ia ted w i t h s o d i u m sa l t s a n d su lphur ic ac id . H e pur i f ied i t b y 
a d m i x t u r e w i th a m m o n i u m chlor ide ; a n d wash ing w i t h w a t e r , a n d oxid iz ing 
t h e p r o d u c t b y roas t ing i t in air , or b y t r e a t m e n t w i t h n i t r i c ac id . T h e puri f ica­
t i on of t h e "trioxide b y s u b l i m a t i o n frees i t f rom meta l l ic impur i t i e s , t u n g s t e n 
t r i ox ide , silica, a n d p h o s p h a t e s . L*. Ro l la a n d G. P icca rd i , for i n s t a n c e , pur i f ied 
t h e t r i ox ide b y s u b l i m a t i o n in a c u r r e n t of air in a q u a r t z t u b e . Accord ing t o 
Li. W o h l e r a n d W . Enge l s , t h e p rec ip i t a t i on which occurs w h e n soln. of m o l y b d a t e s 
a re acidified is d u e t o t h e p resence of t u n g s t a t e s . T h e r ead iness w i t h w h i c h 
p r e c i p i t a t i o n t a k e s p lace is d e p e n d e n t on t h e p r o p o r t i o n of t u n g s t i c ac id p r e s e n t , 
a n d w h e n t h i s is p r e s e n t in v e r y smal l a m o u n t , t h e t e m p , m a y b e ra i sed t o n e a r l y 
100° before a p r e c i p i t a t e is o b t a i n e d . T h e p r ec ip i t a t i on is p r i m a r i l y d u e t o t h e 
t u n g s t i c ac id in t h e soln. , a n d w h e n th i s s e p a r a t e s o u t , m o l y b d i c ac id is s imul ­
t a n e o u s l y r e m o v e d from t h e soln. A. Arnfe ld obse rved t h a t c o m m e r c i a l 
m o l y b d e n u m t r iox ide con t a in s some of t h e lower ox ides which a r e c o n v e r t e d i n t o 
t h e t r i ox ide b y roas t i ng a t a r ed -hea t . I n o rde r t o p r e p a r e t h e t r i ox ide free f rom 
a m m o n i a , M. L i e b e r t boi led 5O gr ins , of a m m o n i u m m o l y b d a t e in 1OO c.c. of a q u a 
regia u n t i l t h e l iqu id no longer g a v e a sign of t h e p resence of a m m o n i a w h e n t e s t e d 
w i t h Ness ler ' s r eagen t . T h e p r o d u c t was t h e n e v a p o r a t e d a n u m b e r of t i m e s w i t h 
n i t r i c ac id , a n d finally d r i ed a t 180°. W . D . Collins a n d co-workers d i scussed 
t h e i m p u r i t i e s in commerc ia l m o l y b d i c acid . T h e so-called " m o l y b d i c ac id , 85 
p e r c e n t . " consis ts largely of a m m o n i u m m o l y b d a t e . 

T h e ana lyses of J . J . Berze l ius , 3 J . B . A. D u m a s , H . D e b r a y , C F . B u c h o l z , 
Li. O t t , K . S e u b e r t a n d W . Po l l a rd , C. F . R a m m e l s b e r g , J . H . Muller , a n d 
A. V a n d e n b e r g h e , a re in a g r e e m e n t w i t h t h e fo rmula MoO 3 . F r o m t h e effect 
of m o l y b d e n u m t r i ox ide o n t h e b . p . of su lphu r i c acid, E . B e c k m a n n ca l cu la t ed 
t h e mol . w t . t o b e in acco rd w i t h t h e fo rmula (MoOg)2 , or M o 2 O 6 . M o l y b d e n u m 
t r i o x i d e h a s a p l a t y or ta lcose s t r u c t u r e , a n d i t is colourless a n d non-p leochro ic . 
T h e m a s s which h a s been fused is greyish- or ye l lowish-whi te w i t h a r a d i a t i n g fibrous 
s t r u c t u r e , whi l s t t h e sub l imed t r iox ide furnishes colourless, t r a n s p a r e n t , t h i n p l a t e s , o r 
need les wh ich , accord ing to A. E . Nordensk jo ld , be long t o t h e r h o m b i c s y s t e m ; t h e 
crysta ls h a v e t h e ax ia l r a t i o s a : b : c = 0 - 3 8 7 2 : 1 : 0 4 7 9 2 . P . Gro th sa id t h a t t h e 
c rys t a l s a re p r o b a b l y i s o m o r p h o u s w i t h t hose of t u n g s t e n t r i ox ide . T h e (100)-, (010)-, 
a n d ((X)I)-cleavages a r e d i s t inc t . T h e opt ical character is pos i t ive . A . des Clo izeaux 
g a v e for t h e optic ax ia l a n g l e s a t 13°, 2 ^ 0 = H V 0 157 for red- l ight , 119° 3 3 ' for yel low-
l igh t , a n d 127° for b lue- l igh t . A. L a c r o i x found t h e n a t u r a l c rys t a l s f rom Cors ica 
t o be p l eoch ro i c—a a n d b a re pa le yel low, whi ls t c is nea r l y b lack . P . Niggl i d is ­
cussed t h e e lec t ron ic s t r u c t u r e ; a n d H . E . Buck ley , t h e effect of m o l y b d a t e s o n 
t h e g r o w t h of c ry s t a l s of s o d i u m c h l o r a t e . 

A . B r e i t h a u p t g a v e 4-49 t o 4-50 for t h e specific gravi ty of m o l y b d i c ochre ; 
T. B e r g m a n , 3-46 for m o l y b d e n u m t r i ox ide ;. V. E g g e r t z , 4*5 for t h e s u b ­
l imed ox ide ; E . W e d e k i n d a n d C. H o r s t , 4-50 a t 19-5° ; a n d A. Safar ik , 4-39 
a t 21° for t h e t r i o x i d e wh ich h a d been fused. W . Bi l tz , IX BalarefT, a n d C de l 
F r e s n o s t u d i e d t h e mo l . vol . T h e h a r d n e s s of m o l y b d i c ochre is 1 t o 2 . J . M a y d e l 
d i scussed t h e specif ic h e a t . T. Carne l ley g a v e 759° ± 2 ° for t h e m e l t i n g po int of 
t h e t r i o x i d e ; F . H o e r m a n n , a n d F . M. J a g e r a n d H . C. G e r m s , 795°. E . GroschufE 
sa id t h a t i t m e l t s w i t h o u t d e c o m p o s i t i o n a t 791° . W h e n m o l y b d e n u m t r i o x i d e is 
h e a t e d , i t becomes lemon-ye l low, a n d t h e or ig inal colour is r e s t o r e d on cool ing. 
W . D . B a n c r o f t a n d H . B . Weise r o b s e r v e d t h a t w h e n t h e t r i o x i d e is i n t r o d u c e d 
in t h e o x y h y d r o g e n f lame, t h e f lame g ives a b r i g h t , l u s t r o u s , me ta l l i c m i r r o r 
o n a cold sur face . I t fuses a t a r e d - h e a t t o a b r o w n i s h -yel low l iqu id . C. Zenghel i s 
o b t a i n e d e v i d e n c e of a s l igh t vo l a t i l i z a t i on a t o r d i n a r y t e m p . I n cove red vessels , 
i t vo la t i l i zes a t a h i g h t e m p , on ly , b u t w h e n exposed t o air , e v e n a t i t s m . p . , i t 
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vola t i l izes fo rming -white fumes which condense a b o v e t h e fused m a s s t o fo rm a 
c rys t a l l ine s u b l i m a t e . E . GroschufT said t h a t s u b l i m a t i o n beg ins in t h e v i c in i ty 
of t h e m . p . P . H . M. P . B r i n t o n a n d A. E . S t o p p e l f o u n d t h a t t h e t r i o x i d e is 
non-vo la t i l e be low 500° , a n d vola t i l izes only s l ight ly b e t w e e n 500° a n d 600° . 
G. Merz , a n d C. E . P l a t t n e r n o t i c e d t h a t t h e t r i ox ide volat i l izes before t h e b lowp ipe 
f lame w h i c h is co loured a greenish-ye l low ; W . R . M o t t m a d e some o b s e r v a t i o n s 
o n t h e vo la t i l i za t ion of t h e t r i o x i d e in t h e electr ic a rc . A. A. R e a d sa id t h a t t h e 
t r i o x i d e gives off o x y g e n a t 1750° ; a n d K . W . G. K a s t n e r , t h a t i t is r e d u c e d t o 
m e t a l in t h e o x y h y d r o g e n b lowp ipe f lame. W . G. Mix te r gave for t h e h e a t of 
f o r m a t i o n w h e n t h e m e t a l is ox id ized b y s o d i u m d iox ide , ( M o , 3 0 ) = 1 8 1 * 5 CaIs. 
a t c o n s t a n t vol . , or ( M o O 2 , 0 ) =-38-7 CaIs. S. M. De lep ine gave (Mo,30) = 166-14 
CaIs. a t c o n s t a n t vo l . , a n d 167-GO CaIs. a t c o n s t a n t p ress . ; W . Lede re r g a v e 
168-675 CaIs. a t c o n s t a n t vo l . ; J . E . Moose a n d S. W . P a r r , 1829 cals . per g r a m . 
T h e s u b j e c t w a s d i scussed b y A. B e r k e n h e i m . 

R . St ier l in re fer red t o das wwnderbare Farbenspiel w h i c h occurs w h e n t h e c rys t a l s 
a r e e x a m i n e d b y po la r i zed l igh t . E . L . Nicho l s a n d B . W . S n o w found t h e f rac t ional 
reflect ing power , R9 for l i gh t of w a v e - l e n g t h , A, t o be : 

A . . 753O 6 6 8 5 6 0 8 0 557O 492O 4 6 8 5 45OO 4 3 4 0 
„/ 25° . 0 - 6 9 5 0 - 6 1 3 0 - 5 1 7 0 - 3 0 9 O-139 0 0 6 8 0 - 0 4 5 

^ t 2 7 5 ° . 0 - 7 2 0 0 - 5 9 6 0 - 4 6 5 0 - 3 3 5 O- lOl 0 0 4 0 

T h e ref lected l igh t is p a r t l y m a d e u p of m a i n l y w h i t e l igh t reflected f rom t h e 
sur face , a n d p a r t l y , of l igh t ref lected f rom t h e in te r io r , a n d t h i s d e t e r m i n e s t h e 
co lour of t h e ref lected l igh t . D . Gernez s h o w e d t h a t m o l y b d i c ac id , a n d t h e a lkal i 
m o l y b d a t e s , t h o u g h op t ica l ly i n a c t i v e , c a n a u g m e n t t h e op t ica l a c t i v i t y of o the r 
subs t ances—e .g . t a r t a r i c ac id . Li. W . A n d r e w s e x a m i n e d t h e ac t i on w i t h mal ic 
ac id ; a n d C. N . H i ibe r a n d J . Minsaas , w i t h ga lac tose . G. A. Di rna s tud ied t h e 
photoe lectr ic effect. T . W . Case sa id t h a t no e lect r ical c o n d u c t i v i t y is t o be obse rved 
w h e n m o l y b d e n u m t r i o x i d e is e x p o s e d t o l igh t . J . M. E d e r , un l i ke T . L . P h i p s o n , 
o b s e r v e d t h a t a s u l p h u r i c ac id soln. of m o l y b d i c ac id is n o t red i iced b y e x p o s u r e 
t o l igh t p r o v i d e d o rgan ic m a t t e r b e a b s e n t . M. J u n g c k obse rved t h a t t h e soln. 
of a m m o n i u m m o l y b d a t e u s e d in a n a l y t i c a l c h e m i s t r y su t lers pho to lys i s . R . R o b l 
o b s e r v e d b u t a fa in t l uminescence in u l t r a -v io l e t l igh t ; E . T iede a n d A. Schleede, 
t h e phospho re scence of m o l y b d e n u m t r i ox ide in a c t i v e n i t r ogen ; J . Ewles , t h e 
c a t h o d e luminescence , b u t n o u l t r a - v i o l e t f luorescence w i t h X - r a y s w a s obse rved 
b y J . O. P e r r i n e ; H . T . Meyer , t h e K-ser ies of t h e X - r a y s p e c t r u m ; a n d H . Nisi , 
the Raman effect. 

F . Be i je r inck f o u n d t h a t m o l y b d i c och re is a n o n - c o n d u c t o r of e lec t r ic i ty ; 
a n d T . W . Case obse rved t h a t t h e t r i ox ide is a lso a n o n - c o n d u c t o r , whi ls t L . B leekrode 
sa id t h a t i t is a good c o n d u c t o r . A. Miola t i s t u d i e d t h e e lectr ic conduct iv i ty of 
m i x t u r e s c o n t a i n i n g m o l y b d i c ac id . E . F r i ede r i ch ca lcu la ted 7*8 X l O 1 0 o h m s for 
t h e res i s tance of a m e t r e wire 1 sq . m m . cross-sect ion. H . Buff, a n d M. G u i c h a r d 
Eound t h a t m o l t e n m o l y b d e n u m t r i ox ide is a good c o n d u c t o r , a n d o n e lectrolys is 
furnishes c ry s t a l s of t h e t r i t o c t o x i d e a t t h e c a t h o d e ; K . W . G. K a s t n e r 
o b t a i n e d t h e m e t a l . T . d e G r o t t h u s obse rved t h a t w h e n a soln. of mo lybd ic 
ac id in s u l p h u r i c ac id is e lec t ro lyzed , t h e l iquid a b o u t t h e c a t h o d e is coloured 
b l u e . G. Gore m a d e a s imi lar obse rva t i on w i t h r e spec t t o soln. in hydrof luor ic 
ac id ; a n d J . T e r w e l p f o u n d t h a t w a t e r w i t h m o l y b d e n u m t r iox ide in suspens ion 
b e c o m e s b l u e a b o u t t h e c a t h o d e w h e n i t is e lec t ro lyzed . L . Sch ich t also no t iced 
t h e b lue soln. f o rmed w h e n a soln. of a m m o n i u m m o l y b d a t e is e lectrolyzed, a n d 
J . G. G a h n obse rved t h e s e p a r a t i o n of w h a t he t h o u g h t t o be m o l y b d e n u m a t t he 
c a t h o d e . G. Gore o b t a i n e d a b l ack depos i t o n e lec t ro lyz ing fused molybd ic acid. 
E . P e c h a r d found t h a t t h e e lec t ro lys is of a soln. of a m m o n i u m m o l y b d a t e in h y d r o ­
chlor ic or oxal ic ac id g ives a soln. of m o l y b d e n u m dioxide , which , w i t h s t rong ly 
a m m o n i a c a l soln. , g ives a d e p o s i t of MoDg-H 2 O on t h e c a t h o d e . A. Chilesot t i found 
t h a t t h e e lec t ro lys is of a feebly ac id soln. of m o l y b d i c ac id in su lphur ic acid gives 
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a q u a n t i t a t i v e s epa ra t i on of m o l y b d e n u m a t t h e m e r c u r y c a t h o d e , b u t n o t so 
w i t h a 32V-H2SO4 soln. T h e electrolysis of a hydroch lo r ic acid soln. of m o l y b d e n u m 
t r iox ide or of a soln. of a m m o n i u m rno lybda t e in di l . su lphur ic ac id u s ing a m e r c u r y 
c a t h o d e gives a soln. of t e r v a l e n t m o l y b d i c chlor ide or s u l p h a t e . J . F e r e e a lso 
o b t a i n e d m o l y b d e n u m a m a l g a m a t t h e m e r c u r y c a t h o d e w h e n a soln. of m o l y b d i c 
acid in hydrofluoric ac id w a s e l ec t ro lyzed—cur ren t dens i ty 5 a m p . p e r sq . c m . T h e 
electrolysis of these soln. w a s also s tud ied b y R . E . Myers , E . F . S m i t h a n d 
co-workers , a n d A. Chi lesot t i a n d A. Rozz i . Accord ing t o A . Chi lesot t i , w h e n 
a soln. of mo lybd ic ac id is e lectrolyzed, p a r t of t h e h y d r o g e n a t t h e c a t h o d e r educes 
t h e molybd ic ac id , a n d p a r t escapes as a gas , so t h a t t h e c u r r e n t efficiency for a n y 
per iod can b e ca lcu la t ed b y c o m p a r i n g t h e a m o u n t s of h y d r o g e n p r o d u c e d in t h e 
cell, a n d in a v o l t a m e t e r in t h e s a m e c i rcui t . W h e n t h e r e d u c t i o n is c o m p l e t e d , 
t h e c u r r e n t efficiency is zero. W i t h a soln. con ta in ing 3-5 p e r cen t , of m o l y b d e n u m 
t r iox ide in 92V-HCl, a n d a m e r c u r y c a t h o d e , a n d h igh c u r r e n t dens i t ies , a l a rge 
f ract ion of t h e c u r r e n t is emp loyed in l ibera t ing h y d r o g e n , b u t t h e t i m e r e q u i r e d 
for c o m p l e t e r educ t ion is sho r t . Inc reas ing t h e cone , of t h e m o l y b d i c ac id 
increases t h e c u r r e n t efficiency ; w i th t h e DiNT-HCl, t h e c u r r e n t efficiency is a t 
first IOO, i t a f t e rwards falls regular ly t o zero. W i t h 4iV-acid, t h e c u r v e aga in 
begins a t 100, b u t soon falls v e r y rap id ly t o a b o u t IO a n d t h e n rises s lowly t o a 
m a x i m u m a t 2D, the rea f t e r falling t o zero. W i t h m o r e dil . ac id , t h e c u r v e follows 
a s imilar course , b u t t h e m a x i m u m occurs sooner a n d a t a m u c h h igher v a l u e of 
t h e c u r r e n t efficiency. T h e p robab l e e x p l a n a t i o n is t h a t a film of ox ide is first 
fo rmed o n t h e c a t h o d e , which a c t s a s a d i a p h r a g m a n d p r e v e n t s r e d u c t i o n ; l a t e r 
t h i s film is dissolved or r educed t o m e t a l a n d meta l l i c m o l y b d e n u m a m a l g a m is 
fo rmed on t h e surface of t h e c a t h o d e , t h e r educ ing a c t i o n of t h e a m a l g a m be ing 
m u c h g r ea t e r t h a n t h a t of t h e m e r c u r y a lone . I t is k n o w n t h a t m o l y b d e n u m 
a m a l g a m is fo rmed in presence of dil . acid, b u t n o t in cone . ac id . R ise of t e m p , 
increases t h e c u r r e n t efficiency cons iderab ly . T h e m a t e r i a l of t h e c a t h o d e h a s a 
g rea t e r effect on t h e c u r r e n t efficiency. Us ing a soln. of 3-5 pe r cen t , of m o l y b d e n u m 
t r iox ide in 4iV-HCl, a c u r r e n t dens i ty of 0-042 a m p . pe r sq. c m . a t 10°—20°, t h e 
a v e r a g e c u r r e n t efficiencies were , w i th p la t in ized p l a t i n u m , 10-6 pe r cen t . , m e r c u r y , 
18-9 pe r cent . , smoo th p l a t i n u m , 51*7 per cent . , t i n , 66*9 per cen t . , a n d lead , 74*5 
p e r cen t . I n DiV-HCl, t i n gave t h e bes t resul t , lead a n d p l a t i n u m s l ight ly "worse 
r e su l t s , a n d m e r c u r y w a s wors t of all. T h e behav iou r of these m e t a l s h a s obv ious ly 
n o connec t ion w i t h t h e overvo l tage r equ i red t o l ibe ra te h y d r o g e n in t h e i r surfaces ; 
r a t h e r wou ld i t a p p e a r t o be connec ted w i t h the i r solubi l i ty , b o t h l ead a n d t i n 
be ing found in soln. af ter t h e electrolysis , which w a s n o t t h e case w i t h p l a t i n u m 
a n d m e r c u r y . T h e mo lybd ic ac id is a lways r e d u c e d t o t e r v a l e n t m o l y b d e n u m 
c o m p o u n d s excep t w h e n a p la t in ized p l a t i n u m c a t h o d e is used ; i n t h i s case , 
t h e r e d u c t i o n s tops a t t h e q u i n q u e v a l e n t s t age . Soln. in su lphur i c a n d oxal ic 
ac ids g a v e s imi lar resu l t s , t h e t i n c a t h o d e be ing insoluble in t h e oxal ic ac id soln . , 
a n d t h e l ead c a t h o d e insoluble in t h e su lphur ic ac id soln. g a v e resu l t s s imi lar t o 
t h o s e o b t a i n e d w i t h p l a t i n u m . 

A . Chi leso t t i a lso m e a s u r e d t h e potent ia l difference b e t w e e n p l a t i n u m a n d t h e 
so ln . a t different s t ages of t h e r e d u c t i o n . I t w a s found t h a t i n all cases t h e s a m e 
gene ra l r e s u l t w a s o b t a i n e d . T h e p o t e n t i a l difference increases s lowly a s t h e 
r e d u c t i o n p roceeds , un t i l t h e whole of t h e m o l y b d e n u m is in t h e q u i n q u e v a l e n t 
c o n d i t i o n ; i t t h e n rises v e r y s u d d e n l y t o a h igher va lue , a f te r wh ich i t a g a i n 
increases s lowly u n t i l t h e m o l y b d e n u m is a l m o s t r e d u c e d t o t h e t e r v a l e n t s t a t e , 
w h e n a f u r t h e r r a t h e r s u d d e n increase occurs . D u r i n g t h e first s t age of t h e 
r e d u c t i o n , t h e p o t e n t i a l is doub t l e s s c o n d i t i o n e d b y t h e process M o O 4 " + 8 H * - f - ( J ) 
= M o '-+-4H2O ; d u r i n g t h e second s t age , t h e m a i n c h a n g e is p r o b a b l y t h e 
r e d u c t i o n of q u i n q u e v a l e n t t o t e r v a l e n t m o l y b d e n u m . T h e final i nc rease is 
d u e poss ib ly t o t h e f o r m a t i o n of b i v a l e n t m o l y b d e n u m ions . W i t h r e g a r d t o 
co lour , t h e soln . in 7iV- t o 9JV-HC1 first becomes emera ld -g reen owing t o t h e 
f o r m a t i o n of t h e c o m p l e x c o m p o u n d of t h e oxych lo r ide , MoOCl 8 ; t h e y t h e n b e c o m e 
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b r o w n a n d finally o range - red , a n d c o n t a i n c o m p l e x c o m p o u n d s of t o e f o r m u l a 
(MoCl 3 ,nHCl) . T h e soln . i n m o r e di l . hyd roch lo r i c ac id c h a n g e , w h e n t h e r e d u c t i o n 
is a l m o s t c o m p l e t e , f rom a b r o w n i s h - r e d colour t o a d e e p ol ive-green colour . T h e 
g r e e n soln . a r e u n s t a b l e ; t h e y d e c o m p o s e w a t e r , t a k i n g u p o x y g e n a n d b e c o m i n g 
b r o w n i s h - r e d a g a i n . B o t h t h e r e d a n d t h e g reen soln. c o n t a i n m o l y b d e n u m 
t r i ch lo r ide , a n d i t is s u p p o s e d t h a t t h e y a r e r e l a t e d in t h e s a m e w a y as t h e g r een 
a n d v io le t soln. of c h r o m i c ch lor ide . T h e soln. in su lphu r i c ac id b e h a v e s imi la r ly . 
T h e c h a n g e f rom one modi f i ca t ion t o t h e o t h e r is d u e poss ib ly t o t h e p r e sence 
of t r a c e s of m o l y b d e n u m d ich lo r ide . J . T e r w e l p f o u n d t h a t t h e e lec t ro lys is of 
10 p e r cen t . soln . of ( N H 4 J 6 M o 7 O 2 4 ^ H 2 O , a n d of 2 t o 10 pe r cen t . soln. of n o r m a l 
s o d i u m m o l y b d a t e w i t h o u t d i a p h r a g m s gives on ly a sma l l c a t h o d i c d e p o s i t of 
indef ini te c o m p o s i t i o n ; w i t h a d i a p h r a g m , t h e fo rmer sa l t g ives w i t h a sma l l 
a n o d e c u r r e n t d e n s i t y a d e p o s i t of ( N H 4 J 2 M o 7 O 2 2 - S H 2 O , a n d a ye l low a n o d e l iqu id 
of m o l y b d i c ac id . T^. O t t f o u n d t h a t t h e e lec t ro lys is of fused s o d i u m or b a r i u m 
p o l y m o l y b d a t e gives m o l y b d e n u m d iox ide , wh i l s t w i t h fused n o r m a l s o d i u m 
m o l y b d a t e o x y g e n is g iven off a t t h e a n o d e a n d a p u l v e r u l e n t m i x t u r e of t h e lower 
ox ides is depos i t ed . L,. O t t a lso s t u d i e d t h e e lec t ro lys is of so ln . of m o l y b d e n u m 
t r i ox ide , a n d of t h e s o d i u m m o l y b d a t e . A c c o r d i n g t o F . F o r s t e r a n d co-workers , 
t h e fac t t h a t soln. of m o l y b d i c ac id in di l . hyd roch lo r i c ac id c a n on ly b e r e d u c e d 
t o t h e q u i n q u e v a l e n t s t age , wh i l s t soln . i n lno re cone , h y d r o c h l o r i c ac id c a n b e 
r e d u c e d e lec t ro ly t ica l ly t o t h e t e r v a l e n t s t age , is e x p l a i n e d b y a s s u m i n g t h a t t h e 
n e x t s t a g e t o q u i n q u e v a l e n t m o l y b d e n u m is Mo*"-ions, w h i c h i n t h e p resence of 
a h i g h cone , of Cl ' - ions i m m e d i a t e l y fo rm c o m p l e x ions a n d t h e s t a t i c p o t e n t i a l 
of t h e soln . is r e d u c e d be low t h a t neces sa ry for t h e g e n e r a t i o n of h y d r o g e n f rom 
p l a t i n i z e d p l a t i n u m e l ec t rodes . If t h e cone , of ch lor ide- ions is low, howeve r , 
c o m p a r a t i v e l y few c o m p l e x ions a r e fo rmed , a n d t h e s t a t i c p o t e n t i a l of t h e soln. 
r e m a i n s h i g h e r t h a n t h a t neces sa ry for t h e e v o l u t i o n of h y d r o g e n . If po l i shed 
p l a t i n u m e lec t rodes a r e u sed , h o w e v e r , owing t o t h e m u c h h i g h e r p o t e n t i a l neces sa ry 
for t h e e v o l u t i o n of h y d r o g e n , t h e t e r v a l e n t s t a g e c a n b e r e a c h e d e v e n in di l . 
h y d r o c h l o r i c ac id soln. T h e e lec t ro ly t i c r e d u c t i o n of m o l y b d e n u m s h o w s c h a n g e s 
of p o t e n t i a l pa ra l l e l w i t h t h o s e occu r r i ng in v a n a d i u m a n d t i t a n i u m soln. u n d e r 
s imi la r cond i t i ons . L . R o l l a a n d G. P i c c a r d i found t h a t m o l y b d e n u m t r iox ide , 
c o m p l e t e l y freed f rom bases b y s u b l i m a t i o n , h a s a n e lectro-aff inity of 2-73 v o l t s , 
c a l c u l a t e d o n t h e a s s u m p t i o n t h a t n o d i s soc ia t ion occur s a t 1970° K . 

Acco rd ing t o H . T . S. B r i t t o n a n d W . L . G e r m a n , t h e e l ec trometr i c t i trat ion 
c u r v e of soln. of s o d i u m m o l y b d a t e w i t h h y d r o c h l o r i c ac id shows a n inflexion a t 
Pu—^S, c o r r e s p o n d i n g w i t h t h e f o r m a t i o n of 3 N a 2 0 . 7 M o O 3 (or 5 N a 2 0 . 1 2 M o O 3 ) . 
JBy boi l ing t h e soln. o r age ing i t p r i o r t o m e a s u r i n g t h e p^-curve furnishes a 
s h a r p e r inflexion c o r r e s p o n d i n g w i t h N a 2 0 . 4 M o O 3 . I n acidified soln. t h e sod ium 
p o l y m o l y b d a t e , w h i c h is first fo rmed , g r a d u a l l y decomposes a n d y ie lds a h igh ly 
ion ized p o l y m o l y b d i c ac id , w h i c h causes t h e £>H: 0 ^ t h e soln. t o a s s u m e s l igh t ly 
lower v a l u e s t h a n w o u l d be p r o d u c e d b y t h e hyd roch lo r i c ac id . A f u r t h e r a d d i t i o n 
of ac id causes t h e i on i za t i on of t h e po ly -ac id t o b e t h r o w n b a c k u n t i l on ly n o n -
ion ized m o l y b d e n u m t r i o x i d e r e m a i n s in soln. ; o n l y f rom re l a t i ve ly cone . soln. 
is t h e t r i o x i d e p r e c i p i t a t e d o n boi l ing. T h e c h a n g e s of c o n d u c t i v i t y d u r i n g t h e 
t i t r a t i o n in g e n e r a l conf i rm t h e r e su l t s o b t a i n e d b y t h e e l e c t r o m e t r i c m e t h o d . 
T h e a d d i t i o n of a w e a k ac id , s u c h a s ace t ic o r p h e n y l a c e t i c , t o a s o d i u m m o l y b d a t e 
soln. causes t h e f o r m a t i o n of a s t ab l e p o l y m o l y b d a t e , N a 2 0 . 3 M o 0 3 , w h i c h is n o t 
f u r t h e r d e c o m p o s e d b y t h e w e a k ac id ; i n soln . c o n t a i n i n g monoch lo roace t i c acid, 
t h e s a l t f o r m e d h a s a c o m p o s i t i o n b e t w e e n N a 2 0 . 3 M o O 3 a n d N a 2 0 . 5 M o O 3 . I n 
soln . of m o l y b d i c ac id t h e r e p r o b a b l y ex i s t s a n e q u i l i b r i u m of t h e t y p e H 2 [ O ( M o O 3 ) J 
^ 2 H - - J - [ O ( M o O s ) n ] " , w h e r e n is a b o u t 4 . O b s e r v a t i o n s were also m a d e b y 
A . T r a v e r s a n d L . M a l a p r a d e , b y A . D u m a n s k y a n d co-workers , W . I*. J a k o b a n d 
W , T r z e b i a t o w s k y , a n d IX D . Pe i rce a n d JL. I»\ Y n t e m a . 

J . R e i c h f o u n d t h a t t h e o l ive-green l iqu id o b t a i n e d b y t h e e lectrolysis of a 
so ln . of m o l y b d e n u m t r i o x i d e i n s u l p h u r i c ac id—v ide swpra—has a p o t e n t i a l of 
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— 0 7 6 v o l t w i t h s m o o t h p l a t i n u m , a n d —0-91 v o l t w i t h p l a t i n i zed p l a t i n u m a g a i n s t 
a m e r c u r o u s s u l p h a t e e l ec t rode . A . Il£eff s t u d i e d t h e t h e r m o e l e c t r i c force of 
p o w d e r e d m o l y b d e n u m t r i ox ide c o m p r e s s e d i n t o pas t i l les . E . W e d e k i n d a n d 
C. H o r s t found t h e m a g n e t i c susceptibi l i ty t o be 0 8 7 6 x 1 0 — 6 m a s s u n i t a t 19-5°. 
S. B e r k m a n a n d H . Zocher g a v e 0 1 2 x l 0 ~ " 6 m a s s u n i t . 

G. C. Gmel in 4 d i scussed t h e phys io logica l ac t ion of sa l t s of m o l y b d i c ac id , 
T . G. y A r n a l s t u d i e d t h e r e a c t i o n s of m o l y b d i c ac id w i t h v a r i o u s sa l t s of t h e 
m e t a l s . T h e r e a d y r e d u c t i o n of m o l y b d e n u m t r i ox ide w a s d i scussed b y 
W . M u t h m a n n , 6 a n d O. F . v o n d e r P f o r d t e n , a n d t h e f o r m a t i o n of c o m p l e x a n i o n s , 
b y R . A b e g g a n d G. B o d l a n d e r . Complex sa l t s w i t h t h e ox ides of p h o s p h o r u s , 
a r sen ic , a n t i m o n y , b i s m u t h , a n d o t h e r oxides h a v e been p r e p a r e d b y O. W . G ibbs , 
e t c . K . W . G. K a s t n e r obse rved t h a t w h e n m o l y b d e n u m t r i o x i d e is h e a t e d in 
hydrogen , i t is r e d u c e d t o t h e m e t a l . E . W . E n g l e no t i c ed t h a t t h e r e d u c t i o n 
c o m m e n c e s a t a b o u t 300° ; a n d M. G u i c h a r d a d d e d t h a t i t is r e d u c e d t o M o O 2 
b e t w e e n 300° a n d 470°, w i t h o u t fo rming i n t e r m e d i a t e oxides , a n d ove r 500° , i t 
is r educed t o t h e m e t a l : M o 0 2 + 2 H 2 ^ 2 H 2 0 + M o — v i d e supra. F . R . M. H i t c h c o c k 
n o t i c e d t h a t in t h e r e d u c t i o n of m o l y b d e n u m t r i ox ide b y h y d r o g e n , a g a s , 
p r o b a b l y i m p u r e n i t rogen , is formed. T h e t e n d e n c y t o fo rm a l i t t l e n i t r i d e w h e n 
one of t h e lower oxides m o l y b d e n u m is h e a t e d in a i r h a s been obse rved b y 
E . U h r l a u b . G. Canner i s tud ied t h e r e d u c t i o n of m o l y b d a t e s w i t h h y d r o g e n . 
K . W . G. K a s t n e r found t h a t in t h e p resence of hyd roch lo r i c ac id a n d p o t a s s i u m 
a m a l g a m , or zinc, or c o p p e r — o r severa l o t h e r m e t a l s — m o l y b d e n u m t r i o x i d e 
is r e d u c e d t o a b lue soln. of a sa l t of a lower ox ide . C. R e i c h a r d also o b s e r v e d 
t h a t i n t h e p resence of zinc a n d dil . hyd roch lo r i c or su lphur i c acid , m o l y b d e n u m 
t r i o x i d e g ives a b r o w n co lora t ion which soon becomes pa le g reen ; a n d t h a t 
m o l y b d a t e s give a t r a n s i e n t r e d d i s h - b r o w n co lora t ion a n d t h e n a g r ey i sh -b rown 
p r e c i p i t a t e . E . W r e d e found m o l y b d e n u m t r i ox ide n o t so good a s t u n g s t e n t r i o x i d e 
as a t a r g e t for i nd i ca t i ng t h e m a g n e t i c s e p a r a t i o n in a s t r e a m of u n i m o l e c u l a r 
h y d r o g e n . F r o m t h e c o n d u c t i v i t y of f lames c h a r g e d w i t h m o l y b d e n u m t r i o x i d e , 
L . Hol la a n d G. P i cca rd i ca lcu la ted t h e e lec t ronic affinity p o t e n t i a l t o b e 2*73 
v o l t s . W . H . R o d e b u s h a n d W . A. Nichols found t h a t a t o m i c o x y g e n , l ike 
a t o m i c h y d r o g e n , r educes t h e t r iox ide . F o r t h e ac t ion of water , vide infra. 
T h e a q . soln. h a s a s h a r p meta l l i c t a s t e , a n d r e d d e n s l i tmus , a n d , acco rd ing t o 
G. C. W i t t s t e i n , a n d A. Miiller, i t t u r n s t u r m e r i c b r o w n , especial ly in hyd roch lo r i c 
or n i t r i c acid soln. F o r t h e ac t i on of hydrogen dioxide, vide infra, p e r m o l y b d i c 
ac id . E . S p i t a l s k y a n d A. F u n c k discussed t h e h o m o g e n e o u s c a t a l y t i c d e c o m ­
pos i t i on of h y d r o g e n d iox ide b y s o d i u m m o l y b d a t e . J . A. H e d v a l l a n d N . v o n 
Zwe igbe rgh found t h a t b a r i u m dioxide begins t o r e a c t a t a b o u t 200°—vide t h e 
m o l y b d a t e s . 

H . R o s e f o u n d t h a t d r y ch lor ine c o n v e r t s m o l y b d e n u m t r iox ide i n t o t h e d i o x y -
ch lo r ide less r e a d i l y t h a n is t h e case w i t h t h e d iox ide ; H . E . Q u a n t i n , t h a t a t a 
du l l r e d - h e a t , a m i x t u r e of ch lor ine a n d c a r b o n m o n o x i d e forms m o l y b d e n u m p e n t a -
ch lo r ide . T h e a t t a c k b y ch lor ine w a s s t u d i e d b y R . W a s m u t h ; a n d t h e a t t a c k b y 
Chlorine trif luoride, obse rved b y O. Ruff, a n d H . K r u g , p roceeds w i t h incandescence . 
H . D e b r a y o b s e r v e d t h a t hydrogen chloride a t 150°-200° , forms t h e w h i t e d i h y d r o -
ch lo r ide , MoO 3 . 2HCl ; a n d K . W . G. K a s t n e r , t h a t boi l ing hydrochlor ic ac id 
f o r m s a b lue soln . w i t h t h e evo lu t i on of oxygen , a n d w i t h boi l ing hydriodic 
ac id , i o d i n e s e p a r a t e s a n d a g reen a n d t h e n a b lue soln. is fo rmed . B . K a l i s c h e r 
f o u n d t h a t w h e n m o l y b d e n u m t r i ox ide is d iges ted w i th a lcohol ic h y d r o c h l o r i c 
ac id , a g r e e n soln. is o b t a i n e d wh ich does n o t y ie ld a c rys ta l l ine s u b s t a n c e , b u t o n 
e v a p o r a t i o n , i t fu rn i shes a ge la t inous , d a r k g reen m a s s w h i c h dissolves p a r t i a l l y 
in w a t e r t o f o r m a b r o w n soln. T h e or ig ina l g reen soln. g ives a d o u b l e s a l t w i t h 
p y r i d i n e h y d r o c h l o r i d e . W i t h a lcohol ic hydrobromic acid, n o smel l of a l d e h y d e 
c a n b e o b s e r v e d , a n d a ye l lowish soln . is o b t a i n e d which b e h a v e s son l e th ing l ike 
t h a t o b t a i n e d w i t h t h e h y d r o c h l o r i c ac id soln. A q u e o u s h y d r o b r o m i c ac id fo rms 
w i t h m o l y b d e n u m t r i o x i d e a d e e p b r o w n soln. wh ich b e c o m e s b lue w h e n w a t e r is 
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a d d e d . N o defini te s a l t c a n be i so la ted f rom t h e soln. , b u t if i t b e s a t . w i t h h y d r o ­
gen b r o m i d e , i t g ives a b r o w n , g r a n u l a r m a s s w i t h p y r i d i n e h y d r o b r o m i d e . 
H . O. Schulze found t h a t m o l y b d e n u m t r iox ide decomposes p o t a s s i u m iodide 
especia l ly in t h e p resence of air , s imi la r ly also w i t h t h e fillrftli bromides a n d chlor ides . 
T h e r e a c t i o n w a s also s t u d i e d b y C. E . Schonbe in . W . R . E . H o d g k i n s o n a n d 
F . K . S. L o w n d e s f o u n d t h a t " if a l i t t l e m o l y b d e n u m t r iox ide be a d d e d t o m o l t e n 
p o t a s s i u m chlorate , o x y g e n a n d ch lor ine a re evo lved . 

Acco rd ing t o K . W . G. K a s t n e r , a l i t t l e h y d r o g e n s u l p h i d e in t h e p re sence of 
w a t e r , or b y t h e a id of h e a t , fo rms s u l p h u r d iox ide a n d su lphur , a n d s u l p h u r i c 
ac id a n d a b lue ox ide . E . U h r l a u b o b s e r v e d t h a t w i t h a n excess of h y d r o g e n 
su lph ide u n d e r s imi la r cond i t i ons , m o l y b d e n u m su lph ide is fo rmed . E . Abe l s t u d i e d 
t h e c a t a l y t i c effect of t h e ^ t r i o x i d e on t h e r e a c t i o n b e t w e e n h y d r o g e n dioxide a n d 
s o d i u m t h i o s u l p h a t e . R . IX H a l l obse rved t h a t w h e n h e a t e d w i t h sulphur m o n o -
chloride , t h e m o l y b d e n u m oxide dissolves in t h e l iqu id a n d a vo la t i le oxych lo r ide 
is fo rmed . 

E . U h r l a u b found t h a t w h e n t h e t r i ox ide is h e a t e d w i t h a m m o n i a , i t is decom­
posed—v ide n i t r ides , 8 . 49, 12 a n d 2 1 . T* C u r t i u s a n d F . S c h r a d e r sa id t h a t 
hydraz ine hydrate is v igorous ly d e c o m p o s e d fo rming m o l y b d e n u m dioxide \ 
a n d W . F . J a k o b a n d W . K o z l o w s k y s t u d i e d t h e r e a c t i o n w h e r e b y q u i n q u e v a l e n t 
m o l y b d e n u m a n d n i t r o g e n a re fo rmed. C H . Ehren fe ld , a n d P . S a b a t i e r a n d 
J . B . Sende rens obse rved no r e a c t i o n w i t h n i t r i c ox ide a t 500°. K . W . G. K a s t n e r 
found t h a t in t h e p resence of w a t e r , a n d n i t rous ac id , t h e b lue ox ide is fo rmed. 
R . H a c a n d V. N e t u k a s t u d i e d t h e r e d u c t i o n of n i t r i c ac id t o n i t r i c ox ide b y fer rous 
ch lor ide in a n ac id ic soln. w i t h m o l y b d i c ac id a s c a t a l y s t . P . Ku l i s ch found t h a t 
m o l y b d e n u m t r i ox ide is s lowly a t t a c k e d b y phosph ine in t h e cold a n d m o r e r a p i d l y 
w h e n h e a t e d , a b lue ox ide be ing fo rmed ; C H . E h r e n f e l d sa id t h a t p u r p l e M o 2 O 4 is 
fo rmed . A. Michael is obse rved t h a t i t is co loured b lue b y phosphorus trichloride, 
a n d in a sea led t u b e a t 160°, i t r e a c t s : M o O 3 + P C l 3 = M o O 2 + P O C l 3 ; a n d w i th 
phosphoryl chloride : 2 P O C l 3 + 3 M o 0 3 - = 3 M o 0 2 C l 2 + P 2 0 5 . H . Schiif found tha t 
w i t h phosphorus pentachlor ide , m o l y b d e n u m t r i ox ide is co loured b lue a n d t h e n 
v io le t , h e a t is deve loped , a n d w h i t e a n d r ed v a p o u r s a r e g iven o f f — m o l y b d e n u m 
oxych lo r ide is fo rmed . C. H . E h r e n f e l d a d d e d t h a t m o l y b d e n u m p e n t a c h l o r i d e , 
m i x e d w i t h some lower ch lor ides , is p r o d u c e d . Acco rd ing t o J . J . Berze l ius , w i t h 
phosphoric ac id , a l emon-ye l low c o m p l e x sa l t is fo rmed—v ide infra, t h e p h o s p h o -
m o l y b d i c ac ids . W h e n fused w i t h m i c r o c o s m i c s a l t , m o l y b d e n u m t r iox ide forms a 
colourless m a s s in t h e ox id iz ing f lame, a n d in t h e i n n e r f lame a b lue or g r e y m a s s . 
C. H . E h r e n f e l d found t h a t ars ine a c t s l ike p h o s p h i n e . 

J . J . Berze l ius o b s e r v e d t h a t a n a q . soln. of boric ac id d issolves m o l y b d e n u m 
t r iox ide ; a n d fused borax d issolves m o l y b d e n u m t r i o x i d e fo rming a c lear glass 
i n t h e ox id iz ing f lame, b u t in a r e d u c i n g f lame, b r o w n flecks of m o l y b d e n u m 
d iox ide a r e fo rmed . K . W . Gr. K a s t n e r o b s e r v e d t h a t w h e n t h e t r i ox ide is h e a t e d 
w i t h carbon, i t is r e d u c e d t o t h e m e t a l . W h e n t h e r e d u c t i o n is p e r f o r m e d u n d e r 
def ini te cond i t i ons a fac tor c a n b e o b t a i n e d wh ich r e p r e s e n t s tfie r e su l t w i t h a 
k n o w n a m o u n t of m o l y b d a t e , a n d , k e e p i n g r igo rous ly t o t h e s a m e cond i t ions , 
i t c a n b e a s s u m e d t h a t t h e r e d u c t i o n p roceeds t o t h e s a m e e x t e n t , a n d t h e fac tor 
c a n b e e m p l o y e d t o d e t e r m i n e t h e a m o u n t of m o l y b d e n u m in a g iven soln. 
H . Moissan, a n d H . N . W a r r e n o b s e r v e d t h a t w i t h c a l c i u m carbide, a m o l y b d e n u m -
ca l c ium a l loy is f o rmed . F . Gobel r e d u c e d m o l y b d e n u m t r i ox ide t o a b r o w n or 
v i o l e t - b r o w n ox ide b y h e a t i n g i t in carbon m o n o x i d e , a n d W . M u t h m a n n observed 
t h a t t h e t r i o x i d e is success ive ly r e d u c e d t o M o 5 0 1 2 - > M o 0 2 - > a n d finally t h e m e t a l . 
K . C h a k r a v a r t y a n d J . C G-hosh s t u d i e d t h e c a t a l y t i c a c t i o n on t h e reac t ion 
b e t w e e n c a r b o n m o n o x i d e a n d h y d r o g e n . J . J . Berze l ius obse rved t h a t c a r b o n 
dioxide does n o t u n i t e w i t h m o l y b d e n u m t r i ox ide . C. H. Ehrenfe ld found t h a t 
e t h y l e n e r educes t h e h e a t e d t r i o x i d e t o b ronze-co loured M o 2 O 5 ; s imi lar ly also wi th 
a c e t y l e n e , b u t in a d d i t i o n a m o l y b d e n u m c a r b i d e is fo rmed ; m e t h a n e reduces 
t h e h e a t e d t r i ox ide t o t h e d i o x i d e a n d t h e m e t a l ; e t h a n e ha s no ac t ion . 

556 
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J . Mi lbauer found t h a t w h e n t h e t r i ox ide is fused w i th p o t a s s i u m t h i o c y a n a t e , 
m o l y b d e n u m d isu lph ide , p o t a s s i u m t h i o m o l y b d a t e , a n d p o t a s s i u m c y a n i d e a r e 
formed. A. R o s e n h e i m a n d M. K o s s o b t a i n e d a deep red soln. b y bo i l ing a n excess 
of m o l y b d e n u m t r iox ide w i t h a 10 p e r cen t . a q . soln. of fh iocyan ic ac id . O n 
a d d i n g py r id ine or qu ino l ine , c o m p l e x sa l t s a re depos i ted . G. A . Ba rb ie r i found 
t ha t if an excess of ammonium or potassium ferrbcyanide, followed by a large 
excess of a n a m m o n i u m sa l t , is a d d e d t o t h e soln. of a m o l y b d a t e acidified w i t h 
ace t ic acid, a l emon-ye l low precipitate, ( N H 4 ) 4 F e ( C N ) 6 . 2 M o 0 3 . 3 H 2 0 , is o b t a i n e d 
which is so spa r ing ly soluble i n cone . soln. of a m m o n i u m sa l t s t h a t t h e s e p a r a t i o n 
of m o l y b d i c ac id is a l m o s t q u a n t i t a t i v e . H . E . Q u a n t i n p a s s e d t h e v a p o u r of 
carbon tetrachloride ove r h e a t e d m o l y b d e n u m t r iox ide , a n d o b t a i n e d m o l y b d e n u m 
oxych lo r ide ; a t a r e d - h e a t , m o l y b d e n u m pen tach lo r ide is fo rmed ; P . Cambou l ives 
a d d e d t h a t t h i s r e ac t i on occurs a t 510°, b u t A . Michael a n d A . M u r p h y sa id 
a t a b o u t 280°, a n d a d d e d t h a t w i t h a m i x t u r e of chlor ine a n d c a r b o n t e t r a c h l o r i d e 
v a p o u r a t 200°, a yel lowish-green oxychlor ide is formed, m i x e d w i t h u n c h a n g e d 
m o l y b d e n u m t r i ox ide ; a t 225°, a m i x t u r e of MoO 2 Cl 2 a n d MoOCl 4 is p r o d u c e d ; 
a n d a t 240°, m o l y b d e n u m pen tach lo r ide . Accord ing t o A. B e n r a t h , a n a q . soln. 
of a m m o n i u m m o l y b d a t e w h e n d i lu t ed w i t h a n equa l vol . of e i the r e t h y l a l coho l 
or m e t h y l a lcohol a n d exposed t o sun l igh t changes t o b l u e after a s h o r t e x p o s u r e , 
a n d a r e d d i s h - b r o w n s u b s t a n c e is depos i t ed on t h e s ide of t h e flask on which t h e 
l igh t falls. Th i s c o m p o u n d h a s t h e fo rmula (NH 4 J 2 MoO 4 . 2MoO 3 . 2MoO 2 . 6H 2 O. 
I n t h i s f o r m a t i o n on ly t h e complex ac id g r o u p , MoOo, a n d n o t t h e n e u t r a l 
a m m o n i u m m o l y b d a t e , is r educed . Colloidal m o l y b d i c ac id is r a p i d l y r e d u c e d 
b y a lcohol t o t h e b lue oxide , Mo 3 O 4 ; a n d S. Ghosh a n d A. KL. B h a t t a c h a r y a s t u d i e d 
t h e p h o t o c h e m i c a l r e d u c t i o n of m o l y b d i c ac id b y e t h y l a lcohol . L . F e r n a n d e s 
s t u d i e d c o m p o u n d s of m o l y b d e n u m t r iox ide w i t h gallic acid, py roca t echo l , a n d 
pyroga l lo l ; E . D a r m o i s , a n d T. S. P a t t e r s o n a n d C. B u c h a n a n , t h e effect of t h e 
s o d i u m s a l t o n t h e op t ica l a c t i v i t y of m a l i c acid, a n d t a r t a r i c ac id . C E . G-uignet 
f o u n d m o l y b d i c ac id t o be a so lven t for p r u s s i a n b lue . M. I>. de P l a z a s t u d i e d t h e 
ac t i on of a m m o n i u m m o l y b d a t e on p o t a s s i u m i s o b u t y l x a n t h a t e . H . N . W a r r e n 
sa id t h a t m o l y b d e n u m t r iox ide is easi ly r e d u c e d w h e n h e a t e d w i t h s i l icon. 
L. K a h l e n b e r g a n d W . J . T r a u t m a n n obse rved t h a t a good r e a c t i o n occurs w h e n a 
m i x t u r e of m o l y b d e n u m t r iox ide a n d silicon is h e a t e d in t h e electr ic a r c fu rnace . 
Gr. R a u t e r found t h a t w h e n h e a t e d w i t h s i l icon tetrachloride, ch lor ine , silica, MoCl5 , 
MoOCl4 , a n d MoO 2 Cl 2 , a r e fo rmed ; C. H . Ehrenfe ld obse rved no r e a c t i o n w h e n t h e 
t w o c o m p o u n d s a re h e a t e d t oge the r . K . F u w a s t u d i e d t h e colour ing ac t ion of 
m o l y b d e n u m c o m p o u n d s on glass . 

J . L . G a y Lussac a n d "L. J . T h e n a r d , a n d K . W . G. K a s t n e r f o u n d t h a t p o t a s s i u m 
or s o d i u m , w h e n h e a t e d w i t h m o l y b d e n u m t r iox ide , r educe i t w i th incandescence 
t o t h e m e t a l . H . N . W a r r e n found t h a t w h e n t h e t r iox ide is h e a t e d w i t h m o l t e n 

• m a g n e s i u m , a v io len t d e t o n a t i o n occurs ; a n d C. H . Ehrenfe ld found t h a t w i t h 
p o w d e r e d m a g n e s i u m in air , t h e h e m i t r i o x i d e is formed, a n d in h y d r o g e n , t h e 
d iox ide ; w i t h z inc , i n air , t h e h e m i p e n t o x i d e is fo rmed ; a n d in h y d r o g e n , M b 4 O 9 ; 
a n d w i t h a l u m i n i u m , t h e b lue ox ide is fo rmed in air, a n d in h y d r o g e n , n o ac t ion 
occurs , p r o b a b l y because t h e t r i o x i d e is r educed b y t h e h y d r o g e n before t h e 
a l u m i n i u m c a n act-—vide supra, t h e p r e p a r a t i o n of m o l y b d e n u m . I t is genera l ly 
s u p p o s e d — W . A. N o y e s a n d E . I ) . F r o h m a n , D . L . R a n d a l l , C. R e i n h a r d t , W . S c o t t , 
a n d B . G l a s s m a n n — t h a t w h e n a soln. of s a y a m m o n i u m m o l y b d a t e is r e d u c e d 
b y zinc a n d di l . su lphur i c acid, o u t of c o n t a c t w i th air , a sa l t of t h e ox ide , M o 2 O 3 , 
is fo rmed, a n d v o l u m e t r i c m e t h o d s for d e t e r m i n i n g m o l y b d e n u m , b y t h e t i t r a t i o n 
of t h e r e d u c e d ox ide b a c k t o MoO 3 , h a v e b e e n based on t h i s a s s u m p t i o n . I t is , 
however , v e r y difficult t o d r ive t h e r e d u c t i o n u n t i l a l l t h e M o O 3 is r e d u c e d t o M o 2 O 3 . 
E . H . Miller a n d H . F r a n k , a n d A. A . Bla i r a n d J . E . Whitf ie ld , sa id t h a t a n ac id 
soln. of t h e t r i ox ide is r educed b y z inc t o M o 2 4 O 3 7 ; O. F . von de r P f o r d t e n sa id 
M o 5 O 7 ; a n d A. W e r n c k e , O. S. Doo l i t t l e a n d A. E a v e n s o n , a n d C. J o n e s , M o 1 2 O 1 9 , 
wh i l s t C. B . D u d l e y o b t a i n e d s l igh t ly different resu l t s . E . Berge r a n d L . D e l m a s 
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f o u n d t h a t t h e p re sence of m o l y b d e n u m t r i ox ide fac i l i t a tes t h e c o m b u s t i o n of 
c a r b o n i n a i r . Acco rd ing t o A. C. C h a p m a n a n d H . D . "Law, m o l y b d e n u m t r i ox ide 
is c o m p l e t e l y r e d u c e d t o t h e m o l y b d i c oxide b y t h e a c t i o n of z inc o r m a g n e s i u m 
i n su lphu r i c or hyd roch lo r i c a c id soln . ; zinc c o a t e d w i t h n ickel , s i lver , c a d m i u m , 
o r p l a t i n u m also effects c o m p l e t e r e d u c t i o n ; t h e ac t ion is f a s t e s t w i t h zinc c o a t e d 
w i t h c a d m i u m . C. B o u l a n g e r s t u d i e d t h e r e d u c t i o n of soln. of m o l y b d e n u m sa l t s 
b y zinc, a n d a l u m i n i u m . A. Chi lesot t i found t h a t mercury , t in , a n d l ead r e d u c e 
a hydroch lo r i c ac id soln. of m o l y b d e n u m t r iox ide t o form m o l y b d e n u m t r i ch lo r ide . 
G. Cannere i s t u d i e d t h e r e d u c t i o n w i t h t i n . J . J . Berzel ius sa id t h a t m o l y b d e n u m 
h a s n o a c t i o n w h e n h e a t e d w i t h t h e t r i o x i d e , b u t G. E . U h r l a u b obse rved t h a t 
m o l y b d e n u m reduces m o l y b d e n u m t r i o x i d e s u s p e n d e d in w a t e r t o a b lue soln. 
K . S o m e y a f o u n d t h a t b i s m u t h a n d l ead a m a l g a m s r e d u c e m o l y b d a t e s t o q u i n -
q u e v a l e n t m o l y b d e n u m . Acco rd ing t o M. G u i c h a r d , w h e n a soln. of t h e com­
p o u n d MoO 3 .SO 3 , c o n t a i n i n g n o t less t h a n 56O g r m s . H 2 S O 4 pe r l i t re , is p laced in 
c o n t a c t w i t h a large excess of p o w d e r e d m o l y b d e n u m i n a closed vessel for a 
pe r iod of severa l m o n t h s , a b r o w n soln. is o b t a i n e d w h i c h c o n t a i n s a sa l t of t h e 
ox ide M o 2 O 5 a n d n o t of t h e ox ide M o O 2 a s s t a t e d b y C. F . R a m m e l s b e r g . Th i s 
fact , t a k e n in con junc t i on w i t h t h e r e su l t s o b t a i n e d b y G. !Bailhache, a n d P . K lason , 
r e n d e r s i t p r o b a b l e t h a t t h e ox ide M o O 2 does n o t fo rm sa l t s . G. E . U h r l a u b 
found t h a t s t a n n o u s chloride r educes m o l y b d e n u m t r iox ide t o a b lue ox ide ; a n d 
E . D . Campbe l l sa id t h a t t h e r e d u c t i o n of a hyd roch lo r i c ac id soln. of t h e t r i ox ide 
forms m o l y b d e n u m p e n t a c h l o r i d e , w h i c h c a n be t i t r a t e d b a c k b y a soln. of 
p o t a s s i u m d i c h r o m a t e . A. G e u t h e r o b s e r v e d t h a t t h e v a p o u r of ferric chloride 
is a b s o r b e d b y r e d - h o t m o l y b d e n u m t r i o x i d e t o form ferric ox ide a n d m o l y b d e n u m 
oxych lo r ide . Accord ing t o R . H . B r a d b u r y , a n a q . soln. of p o t a s s i u m c h r o m a t e 
r e a c t s : 2K 2 CrO 4 - J -MoO 3 = K 2 C r 2 O 7 - J - K 2 M o O 4 ; a n d w i t h m o l t e n po tas s ium 
d ichromate , p o t a s s i u m c h r o m a t o t r i m o l y b d a t e is fo rmed . T h e c a t a l y t i c effect 
of m o l y b d e n u m ox ide in t h e o x i d a t i o n of a m m o n i a , a n d s u l p h u r d iox ide is d iscussed 
i n connec t i on w i t h t h e s e c o m p o u n d s ; C. Ki l l ing d iscussed t h e effect of m o l y b d e n u m 
ox ide in t h o r i a gas m a n t l e s (q.v.). H . B r i n t z i n g e r a n d F . Oscha t z s t u d i e d t h e e lec t ro-
m e t r i c t i t r a t i o n of m o l y b d a t e s w i t h c h r o m i u m dichloride, fol lowing t h e r eac t ion 
d o w n t o t h e f o r m a t i o n of t r i v a l e n t m o l y b d e n u m . D . Balareff a n d N . I / u k o w a ex­
a m i n e d t h e effect of m o l y b d e n u m t r i o x i d e o n t h e boi l ing t e m p , of c a l c i u m carbonate . 

Accord ing t o T . G r a h a m , 6 a soln. of s o d i u m m o l y b d a t e c a n b e decomposed 
b y t h e g r a d u a l a d d i t i o n of a n excess of hyd roch lo r i c ac id w i t h o u t a n i m m e d i a t e 
p r e c i p i t a t i o n of m o l y b d e n u m t r i ox ide . T h e ac id l iquor m a y gela t in ize in a few 
h o u r s o n a d ia lyzer , b u t i t a g a i n passes i n t o t h e sol-form a s t h e sa l t s diffuse a w a y . 
After r e p e a t e d a d d i t i o n s of hydroch lo r i c ac id , a n d a d ia lys is of severa l d a y s , a b o u t 
60 p e r cen t , of t h e ox ide r e m a i n s a s a col lo id so lu t ion of molybdic acid. D u r i n g 
t h e dialysis , endosmos i s is g r e a t , so t h a t t h e ac id soln. in t h e d ia lyzer increases 
2 or 3 t i m e s i t s or ig inal v o l u m e . T h e c o n s e q u e n t d i lu t ion m a k e s t h e purif icat ion 
s low. T h e colloidal soln. is ye l low ; i t h a s a n a s t r i n g e n t t a s t e , a n d is acidic t o 
t e s t - p a p e r . I t is fair ly s t ab l e , a n d t h e ac id c a n b e d r ied a t 10O° w i t h o u t losing 
i t s so lubi l i ty . T h e d r y ac id is m o r e or less v i t r eous l ike g u m or ge la t in , a n d some­
t i m e s a d h e r e s so s t rong ly t o t h e surface of t h e e v a p o r a t i n g bas in a s t o d e t a c h 
p o r t i o n s of i t . W h e n h e a t e d s h o r t of i t s vola t i l iz ing t e m p . , t h e p o w d e r all dissolves 
in a soln. of p o t a s s i u m c a r b o n a t e or h y d r o c a r b o n a t e w i t h t h e evo lu t ion of ca rbon 
d iox ide . T h e colloid fo rms c rys ta l l ine sa l t s w i th t h e a lkal ies ; a n d i t becomes 
insoluble w h e n h e a t e d for some t i m e w i t h hydroch lo r i c ac id or o t h e r s t rong acids . 
A . Sabaneeff, O. E . Xiinebarger, a n d A. L o t t e r m o s e r o b t a i n e d a s imilar p r o d u c t ; 
a n d p r o b a b l y also F . Ullik—-vide infra. 

A. Sabaneeff found t h a t w h e n t h e d ia lyzed soln. is e v a p o r a t e d over su lphur ic 
ac id , in v a c u o , i t l eaves t r a n s p a r e n t , hygroscopic , gum- l ike c rus t s , soluble in wa te r 
w i t h o u t change , b u t on h e a t i n g t h e soln. a w h i t e p r ec ip i t a t e separa tes , a n d on 
e v a p o r a t i n g t o d rynes s a n insoluble res idue is left. I m m e d i a t e l y af ter p repa ra t ion , 
t h e sa l t con t a in s 11*2 p e r c e n t , of w a t e r ; af ter d r y i n g for severa l weeks over sul-
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phuric acid, only 6-92 per cent. With the t ime of drying, the solubility of molybdic 
acid in water is found to decrease, and after some t ime it becomes insoluble. The 
depression of the f.p. for soln. containing 1-6-5-1 parts in 100 parts of water gives 
a mol. wt. of 608-631 , the number calculated for (MOg)4 being 576. According to 
A. Rosenheim and I. Davidsohn, the soln. prepared by T. Graham's method pro­
bably contain no colloidal acid, since the addition of electrolytes does not cause 
precipitation. Colloidal molybdic acid was obtained by evaporating a soln. of the 
dihydrate over sulphuric acid, under reduced press., at 20°, or by warming a soln. 
of a mol of sodium molybdate and 4 mols of hydrochloric acid. The vitreous mass 
so obtained is readily soluble, forming an opalescent liquid, from which electrolytes 
readily precipitate the colloidal acid. A. V. Dumansky and co-workers found that 
the conductivity curve, and the curve for the lowering of the f.p. on adding acid 
to a soln. of sodium molybdate , show well-denned maxima and minima correspond­
ing with the formation of intermediate complexes before colloidal particles of 
molybdic acid are formed, say N a 2 M o 0 4 + 2 H C l = 2 N a C l + H 2 M o 0 4 , and 
H g M o O ^ M o O / ^ H a O + C M o O ^ l Y ^ s r ' . When small proportions of hydro­
chloric acid are successively added to a soln. of sodium molybdate , the free acid 
acts in successive stages : N a 2 M o O 4 + H 2 M o O 4 = N a 2 O ( M o O g ) 2 + H 2 O , etc. ; this 
is indicated b y the electrolytic and cryoscopic methods. The two salts, N a 2 0 ( M o 0 3 ) 4 
and Na2O(MoOg)8 , were synthesized. The colloidal particles appear only when the 
octomolybdate is formed. The colloid was not coagulated either by cooling or 
heating or addition of electrolytes, and had an apparent mol. wt. of 1139 ; it thus 
could be classed with the semi-colloids. A second modification of the colloid— 
a suspension of the oxide MoO3, which has much larger particles, exhibit ing 
Brownian movement-—also exists. G. Wegelin prepared colloidal soln. b y a pro­
longed grinding of the powder in an agate mortar. 

G. Bruni and N . Pappada observed no variation in the vap. press, of colloidal 
soln. They applied the term semi-colloid to colloidal molybdic acid prepared b y 
T. Graham's process, because it readily passes through a dialyzer, and gives small 
depressions of the f.p. which are quite appreciable, and proportional to the con­
centration. True colloids do not really dissolve, but they remain suspended in 
the liquid in a fine state of subdivision, and they have a constant f.p. On freezing 
true solutions there are three co-existent phases—ace, soln., and vapour—the system 
is mono-variant ; whilst in the case of a soln. containing a solid in suspension, 
there is another phase and the system is non-variant. L. Wohler and W. Engels 
confirmed G. Bruni and N. Pappada's observation that with a 3 weeks' dialysis 
of T. Graham's soln., all the molybdic acid diffuses through the parchment. 
H. Picton and S. E . Linder also found that T. Graham's colloidal soln. does not 
show TyndalFs effect. The ultramicroscopic observations of Li. Wohler and 
W. Engels show that soln. of molybdic acid can be obtained in the colloidal or non-
colloidal state. B y acidifying a soln. of a molybdate, the molybdic acid poly­
merizes but the particles are so small that the soln. behaves as an electrolyte in 
diffusing through a parchment membrane ; whether or not the particles coalesce 
further depends on the age of the soln., the presence of electrolytes, the temp, 
and other physical conditions. W. von Behren and I. Traube studied the colloid 
—>crystal transformation. S. Ghosh and N. R. Dhar, and D . N . Chakrayarti and 
N . R. Dhar measured the viscosity of colloidal soln. of molybdic acid. R. Wintgen 
found that the sp. gr. and refractive index of the colloidal soln. are linear functions 
of the cone. ; and the sp. vol. , v, and the product of the sp. vol. and the refractive 
index, /x, are linear functions of the percentage content, p, of the disperse phase so 
that V = 1-00289—00079682^, and tyx=1-33630 — 0-008403^. W. Reinders dis­
cussed the distribution of the colloid between t w o liquids ; and E. F . Krause and 
A. V, Novoseloff, the adsorption of the colloid by the membrane in ultrafiltration. 

C. F . Bucholz 7 found that 100 parts of cold water dissolve 0-2 part of molyb­
denum trioxide ; and H. Debray, 0-18 part of cold water and less in hot water ; 
and C. Hatchet t said that IOO parts of hot water dissolve 0-104 part of the trioxide. 
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T h e so luble molybd ic acid of F . Ull ik is p r o b a b l y iden t ica l w i t h T . G r a h a m ' s 
Colloidal molybdic ac id . F . Ul l ik p r e p a r e d i t b y t r e a t i n g a t h i n m u s h of b a r i u m 
m o l y b d a t e w i t h e n o u g h su lphu r i c ac id t o p rec ip i t a t e t h e b a r i u m as s u l p h a t e . T h e 
f i l t rate is t r e a t e d w i t h b a r i u m chlor ide a n d hydroch lo r i c ac id , a n d a g a i n w i t h 
su lphu r i c acid . T h e colourless soln. , w h e n e v a p o r a t e d over s u l p h u r i c ac id , d r ies 
t o a n a m o r p h o u s p o w d e r . Th i s is soluble in w a t e r w h e n freshly p r e p a r e d , b u t 
w i t h age ing i t b e c o m e s inso lub le . If t h e soln. b e e v a p o r a t e d on a w a t e r - b a t h , a n d 
d r i ed a t 100°, or if m a g n e s i u m m o l y b d a t e b e t r e a t e d w i th a n excess of n i t r i c ac id , 
a n d t h e w a s h e d p o w d e r d r i ed a t 100°, t h e compos i t ion of t h e p r o d u c t a p p r o x i m a t e s 
M o O 3 . n H 2 0 , w h e r e n l ies b e t w e e n 0 2 0 a n d 0-22. Jn. S. B h a t i a a n d co-workers , a n d 
W . V. B h a g w a t a n d N . R . I>har s t u d i e d t h e c o a g u l a t i o n of colloidal m o l y b d i c ac id . 
E . F . K r a u z e a n d A . V. Novoselofr" cons ide red t h a t t h e a d s o r p t i o n of mo lybd ic ac id 
b y p o r o u s c l ay t u b e s cove red w i t h col lodion is a m e c h a n i c a l process in which la rge 
a g g r e g a t e s a r e he ld in t h e po res . T h e a d s o r p t i o n is p r e c e d e d b y a process of 
c o m p l e x f o r m a t i o n . 

J . J . IBerzelius o b t a i n e d smal l , s i lky, c rys ta l l ine scales b y t h e s p o n t a n e o u s 
e v a p o r a t i o n of a soln. of m o l y b d e n u m or one of i t s lower ox ides in a n excess of 
n i t r i c ac id . T h e p r o d u c t los t o n ign i t ion a b o u t 2 p e r 
cen t , of w a t e r . T h e ex i s tence of t w o defini te h y d r a t e s 
h a s been es tab l i shed . Gr. F . H i i t t i g a n d B . K u r r e 
m e a s u r e d t h e d i ssoc ia t ion t e m p , of t h e h y d r a t e s , s t a r t ­
ing f rom t h e yel low p r e c i p i t a t e f rom a n i t r i c ac id soln. 
of a m m o n i u m m o l y b d a t e . T h e resu l t s , p l o t t e d in F i g . 12, 
show t h a t t h e s e t w o h y d r a t e s ex is t a s chemica l ind i ­
v idua l s . T h e w h i t e a - m o n o l i y d r a t e differs f rom t h e 
ye l low d i h y d r a t e , e v e n in a q . soln. A . Mazzucchel l i a n d 
M. Borgh i s h o w e d t h a t t h e a - m o n o h y d r a t e is r ead i ly 
o b t a i n e d b y t r e a t i n g m e t h y l m o l y b d a t e w i t h w a t e r . I t s 
b e h a v i o u r w i t h t a r t a r i c ac id a n d h y d r o g e n d iox ide is 
a n a l o g o u s t o t h a t of t h e yellow- ac id , b u t t h e r o t a r y 
p o w e r s of soln. of t h e s a m e compos i t i on a re different, 
a n d t h e m a x i m u m co r r e sponds w i t h t h e ex i s tence of a 
c o m p o u n d C 4 H 4 O 6 . 5 ( M o O 3 . H 2 O 2 ) , t h u s affording a fu r the r 
proof of t h e difference b e t w e e n t h e t w o ac ids . 

T h e monohydrate of m o l y b d i c ox ide , M o O 3 - H 2 O , is cons ide red t o be a k ind of 
m e t a m o l y b d i c ac id , H 2 M o O 4 , b e c a u s e t h e X - r a d i o g r a m s of H . C. B u r g e r show t h a t 
t h e ang les of reflect ion a r e different f rom t h o s e of m o l y b d e n u m t r i ox ide . F . Ull ik 
p r e p a r e d t h i s h y d r a t e b y t r e a t i n g a m o l of m a g n e s i u m m o l y b d a t e w i t h 2 mols of n i t r ic 
ac id , a n d a l lowing t h e w h i t e p o w d e r t o s t a n d for s o m e t i m e w h e n p r i s m a t i c c rys t a l s 
a r e fo rmed . L . C. A . Viv ier found t h a t w h i t e c rys t a l s of t h i s h y d r a t e s epa ra t ed 
f rom a soln. of a m m o n i u m m o l y b d a t e in n i t r i c ac id , a n d f rom a soln. of a n o r d i n a r y 
m o l y b d a t e on s t a n d i n g for seve ra l d a y s a t 50° t o 60° . F . E p h r a i m a n d M. B r a n d 
o b t a i n e d t h e m o n o h y d r a t e as a p r e c i p i t a t e o n m i x i n g a soln. of a mol of n o r m a l 
l i t h i u m m o l y b d a t e w i t h 7 mol s of n i t r i c acid of s p . gr . 1-20, while w a r m e d on a wa te r -
b a t h . A . R o s e n h e i m a n d A. B e r t h e i m o b t a i n e d i t b y w a r m i n g t h e d i h y d r a t e t o 
70°. A . R o s e n h e i m a n d I . D a v i d s o h n d e s i g n a t e t h i s t h e ^-monohydrate t o dis­
t i n g u i s h i t f rom t h e a,-monohydrate w h i c h is fo rmed in asbes tos- l ike , wh i t e needles 
w h e n a soln. of t h e d i h y d r a t e is k e p t a t 400—50°. T h e /J-form occurs in smal l whi te 
needles . T h e ct-form differs f rom t h e /3-hydra te in h a v i n g a m o r e definite c rys ta l 
h a b i t , a n d in t h e r a p i d i t y w i t h wh ich i t se t t l es f rom a suspens ion in w a t e r . T h e 
c t -hydra te is a lso sa id t o lose i t s w a t e r of c rys ta l l i za t ion m o r e read i ly t h a n t h e 
/S-form. Lt. C. A. Viv ier sa id t h a t t h e m o n o h y d r a t e forms c rys ta l s which a re 
p r o b a b l y h e x a g o n a l . A . R o s e n h e i m a n d I . D a v i d s o h n found t h e solubi l i ty of t h e 
cL-monohydrate , S g r m s . M o O 3 p e r 1OO g r m s . of w a t e r : 

0 - 5 2 1 2 
2 N 

or 60* /00* /56'° 200* 

F1IU. 1 2 . D i s s o c i a t i o n 
T e m p e r a t u r e s of t h e H y ­
d r a t e s of M o l y b d e n u m 
T r i o x i d e . 

/S 
V O L . 

. 
X I . 

14*8° 
. 0-2117 

24-6° 
0-2619 

36-8° 
0-3085 

45-0° 
Q-3661 

52*0° 
0-4184 

60-0° 
0*4685 

70-0° 
0-4231 
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A t a b o u t 60° , t h e r e is a b r e a k in t h e c u r v e , i nd ica t ing t h a t t h e a - m o n o h y d r a t e 
is t r a n s f o r m e d in to t h e ft-variety. T h e m o l . c o n d u c t i v i t y , JJL m h o s , of t h e soln. 
of t h e a - m o n o h y d r a t e closely r e sembles t h a t of m e t h y l m o l y b d a t e . !For soln . w i t h 
a mo l of t h e a - m o n o h y d r a t e in v l i t res , a t 25° , 

v . . 3 1 - 3 6 2 - 6 125*2 250*4 5 0 0 * 8 1 0 0 1 - 7 
/x . . 71*4 89*4 95-2 96-9 100*3 104*1 

Cryoscopic d e t e r m i n a t i o n s show t h a t t h e m o l y b d i c ac id in t h e a - m o n o h y d r a t e h a s 
a smal le r mo l . w t . t h a n is t h e case w i t h t h e d i h y d r a t e . T h e r a t e of h y d r o l y s i s 
of m e t h y l m o l y b d a t e shows t h a t t h e a - m o n o h y d r a t e is a w e a k e r a c id t h a n t h e 
d i h y d r a t e . 

Accord ing t o A . T r a v e r s a n d !L. M a l a p r a d e , cold, a q . soln. of t h e m o n o - or 
d i - h y d r a t e of m o l y b d e n u m t r i ox ide differ f rom soln. m a d e a t 100° a n d cooled, b o t h 
in colour , a n d i n t h e i r r eac t ions w i t h p o t a s s i u m fe r rocyan ide . I t is a s s u m e d t h a t 
b o t h m o l y b d i c ac id , H 2 [ M o O 4 ] , a n d t e t r a m o l y b d i c acid, H 2 [ 4 M o 0 3 . 0 ] , a r e p r e s e n t 
i n t h e soln., a n d t h a t t h e l a t t e r i o n i z e s : H 2 0 . 4 M o 0 3 ^ 2 H ' + [ 4 M o O 3 - O ] . T h i s 
is conf i rmed b y t h e neu t r a l i z a t i on cu rve which shows inflexions a t 4 M o O 3 - K 2 O 
a n d M o O 3 - K 2 O , t h e first r e su l t ing f rom t h e c o m p l e t e n e u t r a l i z a t i o n of t h e ac id 
4MoO 3 -H 2 O, a n d t h e second from t h e decompos i t ion of t h e s a l t f o rmed first b y t h e 
a lka l i . I n s u p p o r t of th i s , t h e reac t ions of t h e t e t r a m o l y b d a t e a r e f o u n d t o b e 
q u i t e different f rom t h o s e of t h e n e u t r a l sa l t . F r o m t h e a n a l o g y w i t h t h e t u n g s t i c 
ac ids , 4MoO 3 -H 2 O is called m e t a m o l y b d i c acid . S. I . fiiatschkovsky a n d 
A. V. D u m a n s k y showed t h a t w i t h soln. of 10 eq. of s o d i u m m o l y b d a t e a n d 10 eq . of 
hyd roch lo r i c acid, t h e complex t e t r a m o l y b d a t e , N a 2 0 ( M o 0 3 ) 4 , w a s f o r m e d ; "with 
12 eq . of acid, N a 2 O ( M o O 3 ) 8 was p roduced . This soln. does n o t coagu l a t e a t 100° 
n o r w h e n e lec t ro ly tes a r e a d d e d . 

M. J u n g c k , a n d S. K e r n m a d e some obse rva t i ons on t h e yel lowish c rys ta l l ine 
s u b s t a n c e which s epa ra t e s w h e n a soln. of a n a lka l i m o l y b d a t e in n i t r i c ac id is 
a l lowed t o s t a n d for a t i m e . F . P a r m e n t i e r showed t h a t t h e depos i t is t h e dihydrate 
of m o l y b d i c acid , M o O 3 . 2 H 2 O , or, if H 6 M o O 6 b e o r t h o m o l y b d i c ac id , i t c a n b e 
r e g a r d e d a s paramolybdic acid, H 4 M o O 5 , a l t h o u g h t h e t e r m p a r a - m o l y b d a t e is 
usua l l y app l i ed t o a sa l t of a n o t h e r m o l y b d i c acid . T h e d i h y d r a t e is n o t fo rmed 
in hyd roch lo r i c ac id soln. of t h e a lka l i m o l y b d a t e s . J . H . G r a h a m , a n d A. A . B la i r 
a n d J . E . Whitf ie ld also found t h a t t h e yel low depos i t f rom t h e n i t r i c ac id soln . 
of a lka l i m o l y b d a t e is d i h y d r a t e d m o l y b d e n u m t r iox ide . J . Te rwe lp o b t a i n e d 
t h e d i h y d r a t e in t h e a n o d e c h a m b e r d u r i n g t h e electrolysis of soln. of m o l y b d a t e s . 
A . R o s e n h e i m o b t a i n e d i t b y p o u r i n g a soln. of 15 g r m s . of c o m m e r c i a l (3 : 7)-
a m m o n i u m m o l y b d a t e in a l i t re of w a t e r w i t h c o n s t a n t s t i r r ing t o 29—30 per c en t , 
n i t r i c ac id (300 c.c. of n i t r i c ac id of sp . gr. 1-42 d i l u t ed t o a l i t re) , a n d a l lowing t h e 
soln. t o s t a n d a t 20° -25° for 8 t o 10 d a y s af ter inocu la t ion w i t h a c r y s t a l of t h e 
d i h y d r a t e . F . P a r m e n t i e r , a n d L . C A. Vivier obse rved t h a t t h e lemon-ye l low, 
p r i s m a t i c c rys t a l s a r e monoc l in ic ; a n d A. d e Schu l t en a d d e d t h a t t h e ax i a l r a t i o s 
a r e a : b : c : = 1-0950 : 1 : 1-0664, a n d y8=90° 4 1 ' . T h e ang le b e t w e e n t h e b a s a l 
p l a n e a n d t h e o r thop inaco id , i.e. (001) : (100), is 89° 19 ' , m a k i n g t h e c r y s t a l s 
a p p e a r a t first g lance as t h o u g h t h e y were cubes . T h e sp . gr . is 3-124 a t 15°. 
F . P a r m e n t i e r sa id t h a t t h e c rys t a l s a r e efflorescent a n d lose half t h e i r w a t e r ove r 
s u l p h u r i c ac id , i n v a c u o ; a n d a t 200°, t h e y lose all t h e i r w a t e r . A . R o s e n h e i m a n d 
A. B e r t h e i m f o u n d t h a t t h e d i h y d r a t e c a n n o t b e r e g e n e r a t e d a f te r i t h a s b e e n 
c o n v e r t e d a t 70° i n t o t h e m o n o h y d r a t e . 

~E. B r u c h h a u s e x a m i n e d t h e r e d u c t i o n of a m m o n i u m m o l y b d a t e b y h y d r o g e n . 
T h e so lubi l i ty , S g r m s . of M o O 3 in 100 g r m s . of w a t e r , is, 

18° 23° 40° 50-2° 60° 70° 75° 79* 
# . 0-1066 01856 0-4761 0-6873 1-2057 20550 20920 2-1064 

T h e r e i s a m a r k e d b r e a k i n t h e so lub i l i ty c u r v e a t 70° c o r r e s p o n d i n g w i t h t h e 
t r a n s f o r m a t i o n of t h e d i h y d r a t e i n t o t h e m o n o h y d r a t e . A. R o s e n h e i m and 
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I . D a v i d s o h n found t h a t t h e so lubi l i ty cu rves of t h e d i h y d r a t e a n d t h e a - m o n o -
h y d r a t e i n t e r sec t a t 32° ; a n d A. !Rosenheim a n d A. B e r t h e i m showed t h a t t h e r e 
is a c h a n g e in t h e d i r ec t ion of t h e so lub i l i ty cu rve of t h e d i h y d r a t e a t 50°, a n d 
poss ib ly be low 18° a n o t h e r c h a n g e of d i rec t ion occurs . T h e so lub i l i ty d e t e r m i n e d 
b y s a t u r a t i n g a t a p a r t i c u l a r t e m p , is lower t h a n t h a t o b t a i n e d b y s a t u r a t i n g a t 
a h ighe r t e m p , a n d t h e n cool ing in c o n t a c t w i t h solid. Th i s a n o m a l o u s b e h a v i o u r 
seems n o t t o b e d u e t o t h e f o r m a t i o n of a col loidal soln. , because t h e a p p a r e n t l y 
s u p e r s a t u r a t e d soln. diffuses q u i t e r ead i ly . T h e cryoscopic o b s e r v a t i o n s of 
A. !Rosenheim a n d A. B e r t h e i m s h o w e d t h a t t h e mo l . w t . a p p r o x i m a t e s ( M o 0 3 ) 4 ; 
a n d t h o s e of A. Mazzucchel l i a n d G. Zangri l l i , ( M o 0 3 ) 6 . T h e solubi l i ty of t h e 
d i h y d r a t e is g r e a t l y inc reased b y t h e a d d i t i o n of a m m o n i u m sa l t s ; e.g. w i t h a 10 
p e r c e n t . soln. of a m m o n i u m h y d r o s u l p h a t e , t h e so lub i l i ty , S g rms . of MoO 3 per 
100 g r m s . of so lven t , is 1-927 a t 29-6° ; 2-753 a t 31-5° ; 3-436 a t 41-8° ; a n d 3-769 
a t 49-7°. Th i s is t a k e n t o m e a n t h a t t h e d i h y d r a t e is n o t a colloid. T h e mol . 
c o n d u c t i v i t y , /J, m h o s , of soln. w i t h a mo l of t h e d i h y d r a t e in v l i t res of wa te r , a t 
25°, is , 

' v . 1 6 - 6 6 3 3 - 1 2 6 6 2 4 1 3 2 - 4 8 2 6 4 - 9 6 5 2 9 - 9 2 1 0 5 9 - 8 4 
fx . . 9 8 - 2 8 1 3 0 - 1 0 ISO-O 1 5 9 - 7 1 6 3 - 5 1 6 8 - 7 1 8 0 - 3 

Acet ic ac id a n d bor ic ac id e x e r t scarce ly a n y inf luence o n t h e c o n d u c t i v i t y of 
m o l y b d i c ac id soln . T a r t a r i c ac id , ma l i c ac id , a n d m a n n i t o l g r e a t l y increase t h e 
c o n d u c t i v i t y , a n d t h i s is a t t r i b u t e d t o t h e f o r m a t i o n of a c o m p l e x molecule . O n 
a c c o u n t of hyd ro lys i s of t h e c o m p l e x molecu le a t h i g h d i lu t ion , t h e increase of t h e 
c o n d u c t i v i t y d imin i shes s o m e w h a t w i t h t h e d i lu t ion . Oxal ic ac id a n d iodic acid, 
wh ich fo rm c o m p l e x molecu les w i t h m o l y b d i c ac id , w h i c h c a n b e i so la ted , d imin i sh 
t h e c o n d u c t i v i t y , b u t t h i s m a y b e d u e t o t h e c o m p l e x ion h a v i n g a smal le r speed 
of m i g r a t i o n . P h o s p h o r i c ac id also increases t h e c o n d u c t i v i t y , t h e m a x i m u m 
b e i n g r e a c h e d w h e n p h o s p h o d e c a m o l y b d i c ac id is p r e s e n t . T h e ion iza t ion c o n s t a n t 
of t h e ac id in soln. of t h e d i h y d r a t e was found b y A. R o s e n h e i m a n d A. B e r t h e i m 
t o b e Jc=0-052 a t 25° w h e n ca l cu l a t ed f rom t h e ve loc i ty of hydro lys i s of m e t h y l 
a c e t a t e wh ich is 0-88. These resu l t s all s h o w t h a t t h e ac id is g r e a t l y ionized in 
a q . soln. Cryoscopic m e a s u r e m e n t s i n d i c a t e t h a t in t h e soln. , a n oc tomo lybd i c 
ac id , H 2 M o 8 O 2 S , is p r e s e n t , a n d t h e s e a r e s u p p o r t e d b y t h e fact t h a t on a d d i n g 
a m m o n i u m sal ts , a m m o n i u m o c t o m o l y b d a t e , ( N H 4 J 2 M o 8 O 2 5 . 1 3 H 2 O , sepa ra t e s . 
E . D a r m o i s a n d A. H o n n e l a i t r e , a n d A. H o n n e l a i t r e m a d e a s t u d y of complexes of 
m o l y b d i c a n d mal ic ac ids ; a n d E . R i m b a c h a n d P . L e y , m i x t u r e s of m o l y b d i c a n d 
h y d r o x y - o r g a n i c c o m p o u n d s w h i c h were f o u n d t o a u g m e n t t h e a c i d i t y of m o l y b d i c 
a n d bor ic ac ids . R . F . W e i n l a n d a n d co-workers also s t u d i e d th i s sub jec t . 
F . P a r m e n t i e r obse rved t h a t t h e d i h y d r a t e is spa r ing ly soluble in w a t e r a n d ac ids 
a t different t e m p . ; i t d issolves c o m p l e t e l y in soln. of a lkal i h y d r o x i d e s a n d car­
b o n a t e s , a n d , on e v a p o r a t i o n , t h e s e soln . furnish o r d i n a r y m o l y b d a t e s . K . v o n d e r 
H e i d e s t u d i e d t h e a c t i o n of h y d r o x y l a m i n e , a n d of p o t a s s i u m cyan ide . T h e soln. 
i n aq . a m m o n i a r e m a i n s c lear w h e n magnes i a m i x t u r e is a d d e d , a n d p rec ip i t a t e s 
m o l y b d e n u m t r i ox ide w h e n n i t r i c ac id is a d d e d t o t h e aq . soln. E . Muller, 
H . H . Wi l l a rd a n d F . F e n w i c k , a n d O. T o m i c e k s t u d i e d t h e e leq t romet r ic r educ t ion 
of soln. of s ex iva len t m o l y b d e n u m b y t i t a n o u s s a l t soln. R . H a c a n d V. ISTetuka 
s t u d i e d i t s c a t a l y t i c a c t i o n on t h e r e d u c t i o n of n i t r i c ac id b y ferrous chlor ide . 

Accord ing t o F . Myl ius , n o solid or thomolybdic acid, H 6 M o O 6 , exis ts corre­
s p o n d i n g w i t h o r tho te l lu r i c ac id , H 6 T e O 6 . T h e colourless m o l y b d i c ac id ob t a ined 
in a q . soln. co r r e sponds w i t h aZfotelluric acid , w i t h which i t agrees in h a v i n g a n 
indef in i te ly la rge so lub i l i ty in cold w a t e r , c o m p l e x compos i t ion , in being soluble in 
a lcohol , i n be ing p r e c i p i t a t e d in t h e form of ac id sa l t s , a n d in p r e c i p i t a t i n g solut ions 
of p r o t e i d s . Of t h e sol id fo rms of m o l y b d i c ac id , t h e yel low acid, H3M0O5, has t h e 
g r e a t e s t so lub i l i ty in w a t e r , a n d is s lowly fo rmed w h e n soln. of m o l y b d a t e s or 
m o l y b d i c ac id a r e t r e a t e d w i t h n i t r i c or hyd roch lo r i c ac id . As ind ica t ed above , 
t h e d i h y d r a t e , H 4 M o O 6 , is cons idered b y A. R o s e n h e i m a n d A. B e r t h e i m t o be a n 
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OCtomolybdic acid, H2Mo8O2 5 , and it is assumed tha t in passing from one hydrated 
form to another, various complex intermediate polymerides of molybdic acid are 
formed—vide infra. 

G. Jander and co-workers studied the complex acids, and some of the results 
have been summarized in connection "with the electrometric t i t ra t ion of the acid. 
He gives for the condensation products : 

3 [ M o 0 4 " ] - + 2 H - = r M o 8 0 1 1 " " ] - f H a O s t a b l e i n t h e reg ion ^ H = 6 1 ; [ M o 8 O 1 1 H ^ H * 
- [ H ( M o 8 O 1 1 ) ' " ] , ca l led , b y F . Ul l ik , t h e " d i m o l y b d a t e " ; 2 [ H ( M o 3 O 1 1 C ^ H * 
S = [ H ( M o 6 O 2 1 ) ' " " ] + H 8 O , s t a b l e in t h e reg ion ^ = 4-5, a n d cal led , b y F . Ul l ik , " p a r a -
m o l y b d a t e s " ; [ H ( M o 6 O 2 1 ) " ' " ] - | - H * = [ H 2 ( M o 6 O 2 1 ) " " ] , ca l led , b y F . Ul l ik , t h e " t r i -
m o l y b d a t e s " ; f H 2 ( M o f i O a i ) " / , ] + H ' = [H 3 (Mo f l 0 2 1 ) " / ] i s t a b l e w i t h pn a p p r o x i m a t e l y 2-9, 
a n d ca l led , b y F . Ul l ik , kt t e t r a m o l y b d a t e s " o r " m e t a r a o I y b d a t e s " ; 2 [ H 3 ( M o 6 O 2 I ) " ' ] 
-+3HJ=- 2 [ H 7 ( M o 1 2 O 4 1 ) " ] + H 2 O , cal led, b y F . Ul l ik , 4t o c t o m o l y b d a t e s " ; 2 [ H 7 ( M o 1 3 O 4 1 ) ' " ] 
H - H = - [ H 7 ( M o 2 4 0 7 8 ) " " ' ] - + 4 H 2 0 , cal led, b y F . U l l i k , " d e c a m o l y b d a t e s " ; [ H 7 ( M o 2 4 O 7 8 ) " ' " ] 
-+2H* = [ H 9 ( M o 2 4 O 7 8 ) ' " ] , ca l led , b y F . Ul l ik , " h e x a d e c a m o l y b d a t e s '* ; a n d [ H 0 ( M o 2 4 O 7 8 ) ' " 
+ 3H* = H 1 2 ( M o 2 4 O 7 8 ) , w h e r e pu a p p r o x i m a t e s 0-9. 
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§ 11 . The Monomolybdates—Normal Molybdates 
T h e ac t ion of l iqu id a m m o n i a on m o l y b d e n u m t r i ox ide furnishes a m i d e s a n d 

imid ies as i n d i c a t e d 8. 49, 2 1 . N o r m a l a m m o n i u m m o l y b d a t e , ( N H 4 ) 2 M O 0 4 J 

crys ta l l izes f rom cone . soln. of m o l y b d e n u m t r iox ide in w a r m , c o n e , a q . a m m o n i a 
d u r i n g cooling, or on t h e a d d i t i o n of a lcohol . T h e sa l t w a s o b t a i n e d in t h i s w a y 
b y L . K. S v a n b e r g a n d H . S t r u v e , 1 J . C. Gr. de Mar ignac , F . A. Fl i ickiger , a n d 
A. R o s e n h e i m . A. W e r n c k e o b t a i n e d i t f rom t h e m o t h e r - l i q u o r in t h e p r e p a r a t i o n 
of a m m o n i u m p h o s p h o m o l y b d a t e ; a n d A. S. Grarnak desc r ibed a m e t h o d of p re ­
p a r i n g t h e sa l t f rom f e r r o m o l y b d e n u m . Ana lyse s in a cco rd w i t h t h e fo rmula were 
m a d e b y L . F . S v a n b e r g a n d H . S t r u v e , F . A. Fl i ickiger , A. W e r n c k e , a n d Gr. W e m p e . 
Li. F . S v a n b e r g a n d H . S t r u v e desc r ibed t h e c ry s t a l s a s four -s ided p r i sms . 
J . C. Gr. d e Mar ignac found t h a t t h e monoc l in ic p r i sms h a v e t h e ax i a l r a t i o s a : b : c 
= 1-9542 : 1 : 1-2066, a n d £ — 1 1 7 ° 4 5 ' . O b s e r v a t i o n s were a lso m a d e b y W . Kefer-
s te in ; a n d G. N . Wyrouboft* sa id t h a t t h e c ry s t a l s a r e i s o m o r p h o u s w i t h those 
of a m m o n i u m c h r o m a t e , a n d J . W . R e t g e r s , w i t h t h o s e of a m m o n i u m se lena te a n d 
c h r o m a t e . J . W . R e t g e r s a d d e d t h a t a m m o n i u m c h r o m a t e , se lena te , a n d m o l y b ­
d a t e a r e i s o d i m o r p h o u s w i t h p o t a s s i u m s u l p h a t e . H . S c h r o d e r g a v e 2-270 for 
t h e sp . gr. Acco rd ing t o J . C. Gr. d e M ar ignac , t h e c ry s t a l s effloresce r a p i d l y in 
a i r owing t o t h e loss of a m m o n i a ; F . A. Fl i ickiger sa id t h a t if t h e c rys t a l s a r e freed 
f rom t h e m o t h e r - l i q u o r t h e y a r e s t a b l e in a i r . L . F . S v a n b e r g a n d H . S t r u v e 
found t h a t t h e c r y s t a l s a r e u n s t a b l e in c o n t a c t w i t h w a t e r a n d r a p i d l y fo rm a n acid 
sa l t . T . L . P h i p s o n f o u n d t h a t t h e a q . soln. is d e c o m p o s e d in sun l igh t a n d 
R . E . L*iesegang o b s e r v e d t h a t i n l igh t , t h e sa l t is d e c o m p o s e d w i t h t h e s epa ra t i on 
of a b lue ox ide . T h e c h a n g e c a n b e fol lowed t i t r i m e t r i c a l l y so t h a t t h e soln. can b e 
used a s a k i n d of a c t i n o m e t e r . T h e presence of o rgan ic subs t ances , l ike lact ic 
ac id , m a k e s t h e l iqu id m o r e sens i t ive t o l i gh t ; s ome sa l t s f avou r a n d o the r s 
r e t a r d t h e ac t i on . I n d a r k n e s s t h e or ig inal co lour is r e s to r ed b y t h e oxidizing 
a c t i o n of t h e a i r—v ide supra, m o l y b d i c ac id a n d a lcohol . P . K r i s h n a m u r t i s tud ied 
t h e R a m a n effect. W . V. B h a g w a t a n d N , R . D h a r found t h e eq. electr ical 
c o n d u c t i v i t y of a m m o n i u m m o l y b d a t e t o be for a n eq . of t h e s a l t in v l i t res , 
a t 21°, 

v . . 16 32 64 128 256 512 1024 
A . . 84-5 96-45 108-8 120-3 128-6 136-9 143-5 

so t h a t fCio24—/X32=47*05. 
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F . K r a u s s a n d E . B r u c h h a u s found t h a t a m m o n i u m m o l y b d a t e in a q . soln. , 
a n d exposed t o r a y s of s h o r t wave - l eng th , is r educed b y h y d r o g e n . !For t h e 
hydro lys i s of aq . soln. , vide infra, a m m o n i u m p a r a m o l y b d a t e . J . W . T h o m a s 
found t h a t t h e sa l t is decomposed b y hyd roch lo r i c ac id ; H . P . C a d y a n d R . Taf t , 
t h a t a m m o n i u m m o l y b d a t e is inso luble in l iqu id s u l p h u r d iox ide ; H . S t a m m 
m e a s u r e d i t s so lubi l i ty in aq . a m m o n i a a n d found t h a t soln. w i t h 0-170, 1-192, 
1-750, a n d 3-382 mols of N H 3 p e r 100 g r m s . of w a t e r d issolved respec t ive ly 0-333, 
0-268, 0-231, a n d 0-187 mo l of ( N H 4 ) 2 M o 0 4 . O. B r u n c k obse rved t h a t s o d i u m h y p o ­
su lph i t e p r ec ip i t a t e s m o l y b d e n u m su lph ide from acid soln ; a n d F . J . F a k t o r , 
t h a t s o d i u m t h i o s u l p h a t e r educes a soln. of t h e m o l y b d a t e t o h y d r a t e d d iox ide , 
a n d t r iox ide ; a n d I . F . J . Kupfferschlager , t h a t a n excess of n i t r i c ac id gives a 
p r ec ip i t a t e w i t h a cone . a q . soln. A soln. of a m m o n i u m m o l y b d a t e w i t h a n excess 
of n i t r i c ac id is u sed as a r e agen t for t h e de tec t ion of phosphor i c ac id . P . Ku l i s ch 
d i sagreed w i t h A . W i n k l e r ' s s t a t e m e n t t h a t p h o s p h i n e does n o t r e d u c e soln. of 
a m m o n i u m m o l y b d a t e — o n l y in t h e absence of free ac id is a soln. of t h e m o l y b d a t e 
l i t t le af lected b y p h o s p h i n e . O. F . v o n der P f o r d t e n o b t a i n e d a d a r k b r o w n p re ­
c i p i t a t e o n a d d i n g a soln. of t i t a n i u m dichlor ide t o a soln. of t h e m o l y b d a t e ; a n d 
t h i s is oxid ized t o a w h i t e m a s s in air . C. E . G u i g n e t obse rved t h a t t h e soln. of 
t h e m o l y b d a t e dissolves pruSsian b lue ; a n d S. M. J o r g e n s e n t h a t i t g ives a p r e ­
c ip i t a t e w i t h ch romic ch lo ropen tamminoch lo r ide . 

N o n o r m a l hydroxy lamine molybdate h a s y e t been p r e p a r e d . Gr. Canne r i 2 

obse rved t h a t h y d r o x y l a m i n e a d d e d t o a soln. of a p a r a m o l y b d a t e fo rms a r ed 
soln. wh ich depos i t s yel low molybd ic m o l y b d a t e s . If h y d r o x y l a m i n e chlor ide b e 
a d d e d t o a ho t , a q . soln. of a lkal i m o l y b d a t e , a n d t h e p r e c i p i t a t e b e w a s h e d suc ­
cessively w i t h wa te r , a lcohol , a n d e ther , t h e fol lowing sa l t s a r e fo rmed : ye l low 
ammonium hydroxylamine paramolybdate, (NH 4 ) 2 0.4NH 2 OH.4Mo0 3 ; yellow 
potassium hydroxylamine paramolybdate, K 2 0 .4NH 2 OH.4Mo0 3 ; yellow sodium 
hydroxylamine paramolybdate, Na 2 0 .4NH 2 OH.4Mo0 3 ; and similarly with the 
g u a n i d i n e sa l t . V. Koh l sch i i t t e r a n d K . A. H o f m a n n found t h a t p o t a s s i u m 
hydroxylarninopentahydrornolybdate, MoO4H2(NH2OH)3(NH2OK)—vide infra—is 
o b t a i n e d as a sa l t of w h a t t h e y supposed t o be t h e ac id 

(NH 2 O) 2 \ M / O H 
(ONH4O) / m o \ O H 

b y m i x i n g aq . soln. of a m m o n i u m m o l y b d a t e (5 g rms . ) , h y d r o x y l a m i n e h y d r o ­
ch lor ide (10 g rms . ) , a n d p o t a s s i u m c a r b o n a t e , a n d a d d i n g a lcohol t o t h e ye l low 
soln. T h e sa l t r educes F e h l i n g ' s soln. , or a m m o n i a c a l s i lver n i t r a t e ; i t d ecom­
poses w h e n h e a t e d fo rming a b l ack p o w d e r w i t h t h e l ibe ra t ion of a m m o n i a . T h e 
sa l t d issolves in wa te r , a n d w h e n t h e pa le yellow, neu t r a l , aq . soln. is t r e a t e d w i t h 
ca rbon d iox ide , h y d r o x y l a m i n o m o l y b d i c ac id s epa ra t e s a s a ye l lowish-whi te , 
f locculent p r e c i p i t a t e . If a m m o n i u m m o l y b d a t e (10 grms.) a n d h y d r o x y l a m i n e 
h y d r o c h l o r i d e (7 grms.) b e m i x e d w i t h 50 c.c. of 7 p e r cen t . a q . a m m o n i a a t 8° , 
a c o m p o u n d is f o rmed wh ich dissolves w i t h difficulty in w a t e r ; a n d deve lops a 
b lu i sh -g reen co lo ra t ion w h e n h e a t e d w i t h di l . su lphur i c ac id . T h e c o m p o s i t i o n 
of t h e p r o d u c t is M o O 5 N 3 H 9 , a n d i t is r e g a r d e d as d ihydroxyla in ine a m m i n o -
m o l y b d a t e , M o O 5 N 3 H 9 , or M o O 3 ( N H 2 O H ) 2 N H 8 , a sa l t of w h a t t h e y s u p p o s e t o 
b e t h e ac id : 

( N H 2 O ) A / O H 
O / M o \ O H 

C. F . R a m m e l s b e r g S o b t a i n e d l i t h i u m m o l y b d a t e , L i 2 M o O 4 . | H 2 0 (A. R o s e n h e i m 
a n d W . R e g l i n find L i 2 M o O 4 - I H 2 O ) , b y boi l ing a m o l e a c h o± l i t h i u m c a r b o n a t e 
a n d m o l y b d e n u m t r i o x i d e , a n d a l lowing t h e filtrate t o c rys ta l l i ze . Gk W e m p e 
o b t a i n e d t h e s a l t i n a s imi lar w a y ; a n d M. D e l a f o n t a i n e , b y fus ing e q u i m o l a r 
p r o p o r t i o n s of l i t h i u m c a r b o n a t e a n d m o l y b d e n u m t r i o x i d e , a n d a l lowing t h e 
s y r u p y a q . so ln . t o s t a n d some d a y s . F . H o e r m a n n m e a s u r e d t h e f .p . c u r v e s of 
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t h e s y s t e m : L i 2 M o O 4 - M o O 3 , a n d t h e resu l t s a r e s u m m a r i z e d in F i g . 13 . T h e 
ex i s t ence of t h r e e u n s t a b l e ac id sa l t s is ind ica ted , n a m e l y , l i t h i u m di- , t r i - , a n d 
t e t r a m o l y b d a t e . W . Zacha r i a s sen found t h a t t h e 
X - r a d i o g r a m of L i 2 M o O 4 ag rees "with a u n i t cell 
h a v i n g 6 mols . a n d w i t h t h e d imens ions a—3-20 A., 
c = 9 - 4 5 A. , a n d a : c = l : 1-153 ; a n d t h a t t h e sa l t 
is i s o m o r p h o u s w i t h p h e n a c i t e , wi i lemi te , l i t h ium 
t u n g s t a t e , a n d l i t h i u m f luobery l la te . F . E p b r a i m 
a n d M. B r a n d sugges t t h a t t h e w a t e r in t h e pentita-
dihydrate p r e p a r e d b y b o t h processes is mere ly 
hygroscop ic m o i s t u r e . M. De la fon t a ine also o b ­
t a i n e d t h e tritoctohydrate, L i 2 MoO 4 . 2 f H 2 O, in 
monoc l in ic or t r ic l in ic c rys ta l s , f rom a soln. of a n 
ac id m o l y b d a t e s a t . w i t h l i t h i u m c a r b o n a t e . 
T h e p r i s m a t i c c ry s t a l s of t h e p e n t i t a d i h y d r a t e a r e 
fa i r ly s t ab l e in a i r b u t t h e y a re hygroscop ic . 
GL W e m p e sa id t h a t 1OO c.c. of t h e a q . soln. sa t . 
a t 20° c o n t a i n s 46-13 g r m s . of t h e h y d r a t e d sa l t a n d h a s a sp . gr. of 1-44. 
F . E p h r a i m a n d M. B r a n d found t h a t t h e sa l t is on ly a l i t t le m o r e soluble in 
h o t t h a n in cold w a t e r . F . H o e r m a n n g a v e 705° for t h e m . p . of t h e sa l t . A. !Rosen­
h e i m a n d W . Reg l in found t h e so lubi l i ty of Li2MoO4 .-J-H2O, S g r m s . L i 2 M o O 3 pe r 
100 g r m s . of soln. , t o be : 

S . 

so t h a t t h e t e m p , coeff. is n e g a t i v e . A . R o s e n h e i m a n d W . Hegl in also found t h a t 
t h e sa l t d issolves r ead i ly i n a soln. of l i t h i u m h y d r o x i d e , a n d on e v a p o r a t i n g t h e 
l iqu id , non-c rys ta l l i zab le s y r u p s a r e fo rmed . So lub i l i ty is less as t h e t e m p , r ises . 
T h e a q . soln . h a s a n a lka l ine r eac t ion . T h e aq . soln. of a mo l of t h e sa l t a n d 5 mols 
of a m m o n i u m chlor ide y ie lds c rys ta l s of a m m o n i u m p a r a m o l y b d a t e free f rom 
l i t h i u m . T h e eq . c o n d u c t i v i t y , A m h o s , of a mo l of t h e n o r m a l sa l t i n v l i t res of 
w a t e r , a t 20°, was found b y G. W e m p e t o be : 

F I G . 1 3 . E q u i l i b r i u m C u r v e s of 
t t i e S y s t e m : L i 2 M o O 4 - M o O 3 . 
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L. F . S v a n b e r g a n d H . S t r u v e o b t a i n e d a n h y d r o u s s o d i u m molybdate , N a 2 M o O 4 , 
b y m e l t i n g t o g e t h e r e q u i m o l a r p a r t s of m o l y b ­
d e n u m t r i ox ide a n d s o d i u m c a r b o n a t e , a n d cool ing 
t h e m a s s . T h e sa l t o b t a i n e d b y h e a t i n g t h e 
h y d r a t e t o 100° w a s found b y J . GL Gen te l e , a n d 
F . E . Z e n k e r t o fu rn i sh a m o l t e n m a s s wh ich 
cools t o a n o p a q u e , w h i t e e n a m e l of t h e a n h y d r o u s 
sa l t . F . H o e r m a n n m e a s u r e d t h e f .p . cu rves of t h e 
s y s t e m : N a 2 M o O 4 - M o O 3 , a n d t h e r e su l t s a re 
s u m m a r i z e d in F i g . 14. T h e ex i s t ence of t h r e e 
ac id sa l t s is i n d i c a t e d , n a m e l y , s o d i u m di- , t r i - , 
a n d t e t r a - m o l y b d a t e . E . GroschufE o b t a i n e d a 
s imi la r cu rve . T h e m o n o m o l y b d a t e ex is t s in four 
modi f ica t ions . T h e a - fo rm is s t ab l e a b o v e a b o u t 
620° ; t h e y8-form is s t a b l e b e t w e e n 620° a n d 580° ; 
t h e y - f o r m b e t w e e n 580° a n d 410° ; a n d t h e 8-form 
below 410°. F o r t h e <xf==*/?, fS*=*y> a n d y£=±8 t r a n s i t i o n 
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F I G . 1 4 . E q u i l i b r i u m C u r v e s of 
t h e S y s t e m . I S T a 2 M o O 4 - M o O 3 . 

t e m p . K . H i i t t n e r a n d 
Q. T a m m a n n obse rved t r a n s f o r m a t i o n s respec t ive ly b e t w e e n 620° a n d 605°, a n d 410° 
a n d 380° ; H . E , Boeke g a v e for t h e t h r ee t r a n s f o r m a t i o n t e m p , respect ive ly 619°, 
587° , a n d 431° ; E . GroschufT, 609°, 575°, a n d 408°—Fig . 14 ; H . S. v a n Kloos ter , 
626°, 580°, a n d 397° ; F . H o e r m a n n , 621°, 580° , a n d 423° ; a n d M. A m a d o r i , 616° , 
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580°, and 410° when all are taken on a cooling curve. H. S. van Klooster found on a 
heating curve the respective values 640°, 592°, and 445°, showing t h a t the transit ion 
temp, are overstepped. A. Hare gave 440° for the last transformation t emp. The 
subject is still further discussed in connect ion with sodium tungstate . W i t h 10 per 
cent, of molybdenum trioxide associated wi th the sodium molybdate , E . Groschufi 
found the transit ion t emp, are changed respectively t o 614°, 567°, and 412°. 
H. E . Boeke found t h a t w i th 0-055, 0-40, and 3-00 molar per cent, of Na 2 SO 4 , the 
y*=*S transit ion t emp, is lowered from 431° respectively t o 396°, 297°, and about 
180°. This depression is m u c h greater than t h a t calculated from the heat of the 
transformation, 3-33 CaIs., and the anomaly is explained b y H . S. v a n Klooster 
by assuming t h a t the presence of sodium sulphate considerably augments the 
speed of the transformation. H. E . Boeke found t h a t the binary sys tem 
N a 2 S O 4 - N a 2 M o O 4 forms a continuous series of solid soln. on solidification. There 
is a minimum, in the f .p. curve, Fig . 15. For the binary sys tem : N a 2 W O 4 - N a 2 M o O 4 , 
and the ternary systejn : N a 2 S O 4 - N a 2 W O 4 - N a 2 M o O 4 , vide sodium tungstate . 

20 4O 60 SO 
Molar per ce/?£. s-i/lp/?a£e 

/OO 

F i Q . 1 5 . — B i n a r y S y s t e m : 
N a 2 M o O 4 - J S T a 2 S O 4 . 

3 4 5 6 7 8 
MotsJVa? MoO4 per /00 mols /£ 0 

F i Q . 1 6 . — S o l u b i l i t y C u r v e of 
S o d i u m M o l y b d a t e . 

The equilibrium conditions in the ternary sys tem : N a 2 O - M o O 3 - H 2 O have 
n o t been worked out. Jl. Funk's solubility curve, Fig . 16, shows tha t within the 
range of t e m p . 0° to 100°, there are t w o hydrates : Na2MoO4 .10H2Oi=^Na2MoO4 . 
2 H 2 O + 8 H 2 O with a transit ion at about 10°. L. F . Svanberg and H. Struve obtained 
the dihydrate b y crystallizing an aq. soln. of the anhydrous salt, and drying the 
crystals for 24 hrs. over l ime and sulphuric acid. F . E . Zenker evaporated an aq. 
soln. of the paramolybdate mixed wi th an excess of sodium hydroxide ; F . Ullik, 
an aq. soln. of the acid or an acid salt sat. wi th sodium carbonate ; M. Delafontaine 
used a similar process ; and J. Gr. Gentele al lowed the decahydrate to effloresce 
in the cold. According t o M. Delafontaine, the rectangular or rhombic plates or 
scales are probably isomorphous wi th the crystals of normal tungstate . They lose 
all their water at 100°. The mol ten mass does not expel carbon dioxide from sodium 
carbonate. I i . F u n k found the solubil ity, S grms. of Na 2 MoO 4 per 100 grms. of 
solution, to be : 

S 30-63 
4° 

3 3 - 8 3 
6° 

3 5 - 5 8 
9° 

3 8 1 6 
10° 

3 9 - 2 8 
32° 

3 9 - 8 2 
51-5° 

4 1 - 2 7 
100° 

4 5 - 5 7 

Ka2MoO4-IOH2O. Na 2 Mo0 4 . 2H a O. 

The results are p lot ted in F ig . 16. The transit ion t emp, is near 10°. J . G. Gentele 
obta ined the decahydrate by evaporat ing the aq. soln. between 0° and 6°. The 
columnar- crystals h a v e the appearance of Glauber's salt. The crystals effloresce 
a t a b o u t 6°, and are stable below t h a t t e m p . I n a closed vessel , a t room temp. , 
the crystals become opaque and gradually form the scaly crystals of the dihydrate . 
M. Delafontaine could n o t prepare the decahydrate . 
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G. Beck g a v e 3-28 for the sp. gr. of the salt, and 62-0 for the mol . vo l . F . M. Jager 
measured the sp. gr. of t h e mol ten salt—Z) referred to water at 4 ° — a n d found : 

698-5° 751° 818-8° 903-8° 989'5° 1078*5° 1171-5° 
D . 2-796 2-763 2-720 2-667 2-613 2-557 2-499 
cr . 214-0 208-1 202-4 195-4 187-7 181-2 176-1 
X - 376-1 3686 3623 3544 3451 3380 3335 

The results for the sp . gr. be tween 700° and 1171° can be represented b y 
-D=2-795—0-000629(5—700)—v ide infra, electrical resistance. W . Herz made 
some observations on this subject . I . Traube found the sp. gr., Z>, and mol. soln. 
vol . , V9 of aq. soln. of the salt, a t 15°, t o be : 

ISTa.M< 

r> \ 
V 

A 
. 

6-31 
1 0 5 5 5 

3 2 - 9 

1 1 - 8 4 
1 -1085 

3 4 - 4 

1 9 - 9 1 
1 1 9 2 8 

3 8 - 1 

2 2 - 1 8 p e r c e n t . 
1 -2194 

3 8 - 3 

R. Lorenz and W. Herz studied the relation between the critical densities of related 
salts, and they also found t h a t the surface tension a t the m.p. and b.p. are respec­
t ive ly 215*5 and 177*9 ; G. Jander and co-workers s tudied the diffusion ; and 
I . Traube found 232 for the drop-weight of mol ten sodium molybdate when the 
value for water at ()° is 100. "F. M. Jager's values for the surface tension, <j dynes 
per cm., and the surface energy, x e r g s P e r sq. cm. , of the mol ten salt, are indicated 
above . J. J . Coleman found t h a t 28, 25, and 17 per cent, of normal soln. of 
sodium molybdate , chromate, and tungstate , respectively, diffused in water 
75 m m . in 30 days at 12-5°. W . Herz gave 0*0002752 for the coeff. of thermal 
expansion. Gr. T a m m a n n found the lowering of the v a p . press, per 100 grms. 
of water to be 24-4:, 73*2, and 166*9 m m . , respect ively . The m.p. of the anhydrous 
salt was found to be 692° b y K. Ki i t tner and G. Tammann , and H . E . Boeke ; 
687°, b y L. I. D a n a and P . D . F o o t e ; 688°, b y M. Amadori ; 685°-687° , 
b y H . S. v a n Klooster ; and 686°, b y E . GroschufL The fusion curve with 
sodium sulphate mixtures is shown in Fig . 15. E . Darmois and J . Perin found 
t h a t the mol . wt . is normal when calculated from i ts effect on the f.p. of decahy-
drated sodium sulphate. H. Lorenz and W . Herz s tudied the relation between the 
b.p. and the critical t emp. W . G. Mixter gave for the heat of formation (Na2O,Mo,3O) 
= 2 6 3 - 4 CaIs. ; (Na2O3MoO2 9O) = 120-6 CaIs. ; and ( N a 2 0 , M o 0 3 ) = 8 1 - 9 3 6 CaIs. 
A. Hare gave 14*6 CaIs. per mol for the heat of transformation at about 440°. 
L. Pissarjewsky found for the thermal va lue of t h e reaction : H2MoO4SOin. 
+ 2 N a O H = N a 2 M o 0 4 s o i n . + 2 H 2 0 + 2 1 - 7 2 8 CaIs. A. Hare gave 14*60 CaIs. per 
mol for the hea t of the transformation a t 440°. 

E . M. Jager and B. K a p m a found the resistance, R ohms, of fused sodium molyb­
date to be : 

R 
S p . g r . 

843° 
0 1 2 5 6 

. 2 - 7 0 5 

924-5° 
1 - 1 1 0 5 
2 - 6 5 4 

1026° 
0-O948 
2 - 5 9 0 

1122-5° 
0 - 0 8 4 2 
2 - 5 2 9 

1217° 
0 - 0 7 5 2 
2 - 4 7 0 

1306° 
0 - 0 6 9 0 
2 - 4 1 4 

1408* 
0 0 6 2 0 
2 - 3 5 0 

and t h e y represented the mol . conduct iv i ty , /x, at 0° be tween 543° and 1408°, by 
/x.=lO7-5O+O-183(0 — 850). P . Walden found the eq. conduct iv i ty , A mhos, ol 
soln. of an eq. of sodium molybdate in v l itres of water a t 25°, t o be : 

v . . . 32 64 128 256 512 1204 
A . . . 100-5 106-1 111-0 114-6 117-8 120-8 

H. Crossmann gave /JL10Z4:—/A32=22-4 at 25°. J . Terwelp obtained similar results, 
and he found the transport number of the M o 0 4 " - i o n in 0-IiV-Na2MoO4 to be 0-58 
a t 18°. Gr. Jander and co-workers studied the electronic trie titration of the 
salt . Li. Ot t found the decomposit ion vol tage of the fused salt to be 1-15 vol t ; 
and the cathode deposit is MoO 2 as well as some metal . J. Terwelp, and A. Junius 
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found t h a t t h e electrolysis of n e u t r a l aq . soln. of sod ium m o l y b d a t e w i t h o u t 
d i a p h r a g m s , does n o t p r o d u c e v e r y m a r k e d change since t h e diffusion of t h e anod ic 
a n d ca thod ic p r o d u c t s res to res t h e or iginal s t a t e of th ings . A c a t h o d i c r e d u c t i o n 
occurs on ly in acidic soln. I n a d i a p h r a g m e d cell, p a r a m o l y b d a t e a n d t r i m o l y b d a t e 
a p p e a r t o b e fo rmed in t h e a n o d e c o m p a r t m e n t — v i d e supra, m o l y b d e n u m t r i ox ide . 
T h e a q . soln. w a s found by F . E . Zenker , a n d A. J u n i u s t o r e a c t ac id ; b u t t h e h y d r o ­
lysis c a n n o t be v e r y m a r k e d because K . S e u b e r t a n d W . P o l l a r d found t h a t a soln. 
of mo lybd ic ac id c a n be sha rp ly t i t r a t e d w i t h a soln. of s o d i u m h y d r o x i d e u s ing 
l i tmus or p h e n o l p h t h a l e i n as ind ica tor—v ide infra, a m m o n i u m p a r a m o l y b d a t e . 
F . Ull ik found t h a t t h e soln. of sod ium m o l y b d a t e is n o t r e d u c e d b y t i n . 

F . H o e r m a n n found t h a t t h e f.p. cu rve of m i x t u r e s of l i t h i u m a n d s o d i u m 
m o l y b d a t e s , F ig . 17, showed t h e exis tence of a n u n s t a b l e l i th ium s o d i u m m o l y b d a t e , 
L i 2 M o O 4 ^ N a 2 M o O 4 . 

L». F . S v a n b e r g a n d H . S t r u v e p r e p a r e d p o t a s s i u m m o l y b d a t e , K 2 M o O 4 , b y 
e v a p o r a t i n g for c rys ta l l iza t ion a soln. of mo lybd ic ac id or a n ac id m o l y b d a t e in 
a n excess of p o t a s s i u m h y d r o x i d e or c a r b o n a t e . J . OhIy sa id t h a t t h e p r o d u c t is 
t h e n l iable t o be c o n t a m i n a t e d wi th p o t a s s i u m c a r b o n a t e . T h e fo rma t ion of t h e 
ac id m o l y b d a t e can be avo ided only b y us ing a n excess of a lkal i . L . F . S v a n b e r g 
a n d H . S t r u v e t r e a t e d an acid m o l y b d a t e w i t h soln. of p o t a s s i u m h y d r o x i d e in 
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F i a . 17 .—The Equi l ibrium Curves 
of the S y s t e m : L i 2 MoO 4 -Na 2 MoO 4 . 

F i a . 18 .—Equil ibrium Curves of 
t h e Sys tem : IC2MoO4-MoO3 . 

95 p e r cen t , a lcohol . T h e oil wh ich s epa ra t e s w a s w a s h e d w i t h a lcohol a n d a l lowed 
t o crys ta l l ize first ove r l ime a n d t h e n su lphur ic acid . F . Ul l ik fused e q u i m o l a r p a r t s 
of m o l y b d e n u m t r iox ide a n d p o t a s s i u m c a r b o n a t e , dissolved t h e p r o d u c t in h o t w a t e r , 
a n d a l lowed t h e filtered soln. t o cool. Xi. F . S v a n b e r g a n d H . S t r u v e s u p p o s e d t h e 
c ry s t a l s t o b e h e m i h y d r a t e d ; a n d F . Ul l ik t h o u g h t t h e y a re a n h y d r o u s . M. DeIa-
fon ta ine cou ld n o t p r e p a r e t h i s sa l t . M. A m a d o r i found t h a t a n h y d r o u s p o t a s s i u m 
m o l y b d a t e s e p a r a t e s f rom i t s a q . soln. a t 25° ; a n d t h e sa l t r e m a i n s a n h y d r o u s in 
c o n t a c t w i t h w a t e r a t t h i s t e m p . G. W e m p e r epo r t ed a tetritatrihydrate, K 2 M o 0 4 . £ H 2 0 , 
t o b e fo rmed b y fi l tering a boi l ing soln. of m o l y b d i c ac id in a cone. soln. of p o t a s s i u m 
c a r b o n a t e , a l lowing t h e filtered l i qu id t o cool o n a glass p l a t e , a n d s e p a r a t i n g 
m e c h a n i c a l l y t h e c rys t a l s f rom t h e a m o r p h o u s , gum- l ike m a s s . T h e sa l t loses i t s 
w a t e r a t 120°. F . H o e r m a n n s tud i ed t h e f .p. cu rve of t h e s y s t e m : K 2 M o O 4 - M o O 3 , 
a n d t h e resu l t s , s u m m a r i z e d i n F i g . 18, s h o w t h e exis tence of a d i m o l y b d a t e on ly . 

Xi. F . S v a n b e r g a n d H . S t r u v e sa id t h a t t h e c rys ta l s of p o t a s s i u m m o l y b d a t e , 
K 2 M o O 4 9 a r e four -s ided p r i sms . H . S. v a n KIoos te r obse rved t h a t t h e cool ing 
s a l t u n d e r g o e s t h r e e t r a n s f o r m a t i o n s ; t h e r e is t h e a ^ 8 change a t 479° ; t h e 
/&=£y c h a n g e a t 454 ° ; a n d t h e y*=±8 c h a n g e a t 327° ; M. A m a d o r i g a v e 475° for 
t h e a*==*/? c h a n g e ; a n d K . H u t t n e r a n d 6 . T a m m a n n , 200° for t h e y£=±8 c h a n g e . 
F . H o e r m a n n g a v e r e spec t ive ly 480°, 458°, a n d 323°. J . W . R e g t e r s obse rved t h a t 
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during the crystall ization of potassium molybdate there are formed acicular crystals 
supposed to be rhombic or pseudohexagonal and isomorphous wi th potassium 
permanganate ; and prismatic crystals not isomorphous with the salt, and 
supposed to be monoclinic. M. Amadori found tha t mixtures of potassium 
sulphate and molybdate , and of potassium chromate and molybdate have the 
following f.p. and ^8^a transit ion points : 

K2MoO4 
K*SO*{£?p. 

K 2 C r O 4 ( ^ P ; 

The curve, Fig. 19, for the K 2 M o O 4 - K 2 S O 4 is continuous, and it has a very flat 
min imum 6° below the m.p. of the molybdate , and the m.p. of the mixture with 
45 per cent- of sulphate is equal to that of the molybdate alone. The curve, Fig. 20, 
for the K 2 MoO 4 -K 2 CrO 4 sys tem is continuous, and with mixtures up to 30 molar 
per cent, of chromate the f.p. is at the f.p. of the molybdate . M. Amadori also 
found the solubility isotherm of potass ium sulphate and molybdate is similar to 
that wi th potassium sulphate and chromate. There is a continuous series of solid 
soln. in Which the more soluble salt is in greater proportion in the soln. than in the 
crystals ; similarly also with the solubility isotherm of mixtures of potassium 
chromate and molybdate . G. Beck gave 2-91 for the sp. gr. of the salt, and 81-8 
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for the mol. vol . F . M. Jager gave the following values for the sp. gr., Z), of fused 
potass ium molybdate referred to water at 4° : 

r> . 
<r . 
X -

930*6° 
. 2 - 3 6 2 
. 1 5 0 - 5 

- - 3 2 6 1 

1 0 2 1 ° 
2 - 3 0 7 
1 4 5 - 2 
3 1 9 6 

1 1 4 3 ° 
2 - 2 3 O 
1 3 8 - 6 
3 1 2 0 

1 2 7 3 ° 
2 - 1 4 4 
1 3 0 - 0 
3 0 0 4 

1 3 5 6 ° 
2 - 0 8 7 
1 2 3 - 6 
2 9 0 8 

1452°-8 
2 - 0 1 8 
1 1 6 - 9 
2 8 1 3 

and he represented the sp. gr. a t 6° 
0-0006(0 — 964)-O-OOOOOO128(0 — 964)2. 
subject. I. Traube gave for the sp. gr. 
potassium molybdate a t 15° : 

K I j M o O 4 

X) 
V 

2 - 0 2 
1 0 1 5 4 

. 4 9 - 7 

6 - 7 6 
1 0 5 4 8 

5 2 - 4 

7 - 3 7 
1 0 6 0 2 

5 2 - 2 

between 694° and 1452° by D=2 3 4 2 -
W. Herz made some observations on this 
, Z>, and mol. soln. vol. , %̂ of aq. soln. of 

15-94 per cent. 
1*1381 

56-4 

I . Traube gave 198 for the drop-weight of the molten salt when that of water at 
0° is 100. F. M. Jager found the results indicated above for the surface tension, 
OP dynes per cm., and the surface energy, x e r g s P e r S<1- c m - R- Lorenz and W. Herz 
gave for the surface tensions at the m.p. and b.p. respectively 161-5 and 108-3. 
G. Jander and A. Winkei gave for the diffusion coeff. of the anion 0-58 : and they 
found the range of stabi l i ty for [H*] to be 1 0 ~ 1 4 t o 1 0 ~ 6 2 . K. Hiittner and GL Tam-
mann, and^M. Amadori gave 926° for the m.p. of the salt, and H. S. van Klooster, 
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919°. The lowering of the vap. press, when 19-62, 56-06, and 111-13 grms. of 
potassium molybdate are dissolved in 100 grms. of water was found by G. Tammann 
to be respectively 24-6, 85-3, and 197-1 mm. R. Lorenz and W. Herz studied the 
relation between the b.p. and the critical t emp. P . Blackman found the con­
ductivity of soln. of an eq. of the salt in v litres a t 25° to be : 

V 
A 

, 
. 

3 2 
. 123 

6 4 
1 2 9 

1 2 8 
1 3 3 

2 5 6 
1 3 8 

5 1 2 
14O 

1024 
1 4 4 

Measurements by W. V. Bhagwat and N. R. Dhar corresponded with /x1024— 
^t32 ==24. E . Blanc found t h a t there is a 0-359 per cent, hydrolysis with a 
O009752V-soln. of potassium molybdate. L.. F . Svanberg and H. Struve, and 
!F. Ullik found t h a t the salt effloresces in moist air, and, a t t ract ing carbon dioxide 
from tbe atmosphere, forms other salts. M. Amadori observed t h a t a sat. aq. soln. 
a t 25° contains 64-86 per cent. K2MoO4 . Expressing solubilities in millimols 
per litre, the solubility, S, of potassium sulphate in the presence of potassium 
molybdate is : 

K 2 M o O 4 
K 2 S O 4 

6 9 - 8 8 
O-OO 

4 9 - 0 4 
1 9 - 8 5 

22-65 
73-35 

12-21 
192-6 

8-60 
417-5 

4 1 3 
742-8 

and of potassium chromate in the presence of potassium molybdate : 
K 2 M o O 4 
K 2 C r O 4 

332-3 
0-00 

204-7 
1 6 2 0 

72-68 
414-3 

36-66 
578*1 

25-31 
694-1 

8-74 
767-9 

0*00 
774-7 

O-OO 
774-7 

TJ. F . Svanberg and H . Struve found potassium molybdate to be insoluble in alcohol ; 
and to be precipitated by alcohol from the aq. soln. as an oily liquid. 

F . Hoermann studied the f.p. curve of mixtures of l i thium and potassium 
molybdates, and found the existence of lithium potassium molybdate, l i i2Mo04 . 

K2MoO4 , with a m.p. a t 571°. F . Ullik prepared 
potassium sodium molybdate, K 2 0.2Na 2 0 3 .Mo0 3 . 
14H2O, or KfNa^Mo0 3 . 4^H 2 0 , by treating a 
potassium tr imolybdate with water and sodium 
carbonate. F . Ullik fused molybdenum trioxide 
with sodium and potassium carbonates, and allowed 
an aq. soln. of the cold mass to crystallize. 
J . C. Gr. de Marignac described the crystals as 
dihexagonal bipyramidal with the axial ratios 
a : c = l : 1-2839. M. Delafontaine s ta ted t h a t all 
the water is expelled a t 100° ; and the salt fuses 
a t a red-heat ; fused sodium carbonate does not 
lose carbon dioxide when t reated with the salt. 
F . Ullik found tha t the salt is soluble in cold 
water, bu t more easily soluble in hot water ; t he 
soln. has an alkaline reaction. 

A. Piccini 4 prepared normal rubidium molyb­
date, Rb2MoO4 , by calcining rubidium molyb­

denum trioxytetranuoride, 2RbF.MoO3F2 .H2O ; and F . Ephraim and H . Hersch-
finkel obtained the salt by evaporating a soln. of molybdenum trioxide in 
rubidium hydroxide, and washing the deliquescent mass with alcohol. J . W. Retgers 
made a few observations on the crystals of caesium molybdate, Cs2MoO4. 

No cuprous molybdates have yet been prepared; and normal copper molybdate, 
CuMoO4, is no t known. H . Debray 5 obtained, possibly, the normal molybdate by 
roasting cupric sulphomolybdate a t a low temp. G. Tammann noted t h a t the 
reaction between cupric oxide and molybdenum trioxide begins about 615°, and 
the heat of formation of CuMoO4 is 9-2 CaIs. per mol ; J . J . Berzelius observed 
t h a t a yellowish-green precipitate is produced by potassium molybdate in soln. 
of copper salts. The precipitate is sparingly soluble in water, and is decomposed 
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b y ac ids a n d a lkal i - lye . H . S t r u v e p r e p a r e d copper o x y m o l y b d a t e , C U C S C U M O O 4 . 
5 H 2 O , b y p rec ip i t a t i on f rom a boi l ing soln. of copper s u l p h a t e b y a cone . soln. of 
a m m o n i u m 2 : 5 : 3 - m o l y b d a t e . T h e green, a m o r p h o u s p o w d e r loses 3 mols . of 
w a t e r a t 100°, a n d t h e r e m a i n d e r a t a h igher t e m p . T h e d e h y d r a t e d s a l t g r a d u a l l y 
recovers i t s c o m b i n e d w a t e r w h e n in c o n t a c t w i t h w a t e r . Accord ing t o Gr. J o r g e n s e n , 
if s o d i u m m o l y b d a t e b e t r e a t e d w i t h a n excess of a soln. of copper s u l p h a t e , a n d t h e 
l i gh t g reen p r e c i p i t a t e b e d i sso lved in a q . a m m o n i a , a n d t h e soln. t r e a t e d w i t h 
a lcohol , d a r k b lue needles of copper t e t ramminomolybdate , [Cu(NHg) 4]MoO 4 , a r e 
fo rmed . T h e c rys t a l s r ead i ly lose a m m o n i a , a n d b e c o m e d a r k green. S. H . C. Br iggs 
p r e p a r e d copper d i a m m i n o m o l y b d a t e , [ C u ( N H 3 ) 2 ] M o 0 4 . H 2 6 , b y m i x i n g a soln. 
of 24 g r m s . of p e n t a h y d r a t e d coppe r s u l p h a t e i n 30 c.c. of wa te r , 13 g r m s . of 
a m m o n i u m p a r a m o l y b d a t e in 15 c.c. of w a t e r , a n d 40 c.c. of cone. aq . a m m o n i a , 
m a k i n g all u p t o 350 c . c , a n d expos ing i t t o air . T h e d e e p b l u e p r i sms lose a m m o n i a 
a t o r d i n a r y t e m p . ; a n d t h e y a re so luble i n w a r m a q . a m m o n i a . T h e sa l t m a y b e 
rec rys ta l l i zed b y a l lowing t h e w a r m soln. in a q . a m m o n i a t o cool, or b y expos ing 
a m o r e dil . a m m o n i a c a l soln. t o a i r . H . S t r u v e o b t a i n e d a m m o n i u m copper m o l y b ­
date , ( N H ^ ) 2 C C U O - S M O O 3 . 9 H 2 O , f rom t h e m o t h e r - l i q u o r of t h e o x y m o l y b d a t e ; a n d 
b y t h e ac t ion of a cold soln. of coppe r s u l p h a t e on a n excess of a m m o n i u m 2 : 5 : 3 
m o l y b d a t e . T h e pa le b lue , microscopic , r h o m b i c c rys t a l s lose 4r mols . of w a t e r a t 
100° ; m o r e a t a h igher t e m p . , a n d finally w a t e r a n d a m m o n i a a r e g iven off. T h e 
yel low mass m e l t s a t a r e d - h e a t . I t is spa r ing ly soluble in cold w a t e r , a n d soluble 
in boi l ing w a t e r w i t h o u t d e c o m p o s i t i o n . !Blue c r y s t a l s of a m m o n i u m copper 
d i a m m i n o m o l y b d a t e , ( N H 4 ) 2 C u ( M o 0 4 ) 2 . 2 N H 3 , w e r e o b t a i n e d b y S. H . C. Br iggs 
b y expos ing t o a i r in a n open d i sh a m i x t u r e of 50 g r m s . of a m m o n i u m m o l y b d a t e 
in 60 c.c. of wa te r , 20 g r m s . of o r d i n a r y c o p p e r s u l p h a t e in 50 c.c. of w a t e r , a n d 
70 c.c. of cone. a q . a m m o n i a , all m a d e u p t o 210 c.c. 

Accord ing t o F . W o h l e r a n d F . R a u t e n b e r g , 6 if n o r m a l s i lver m o l y b d a t e be 
t r e a t e d w i t h h y d r o g e n a t o r d i n a r y t e m p . , i t is p a r t i a l l y c o n v e r t e d i n t o s i lver 
SUbmolybdate, A g 4 0 . 2 M o O 3 . I t w a s also p r e p a r e d b y pass ing h y d r o g e n i n t o a 
soln. of s i lver m o l y b d a t e in c o n e , a q . a m m o n i a . T h e r e d u c t i o n beg ins a t o r d i n a r y 
t e m p , a s t h e l iqu id t u r n s b r o w n ; t h e a c t i o n is c o m p l e t e a t 90°. T h e b l a c k p o w d e r 
cons is t s of o c t a h e d r a l c rys t a l s be long ing t o t h e cub ic s y s t e m . T h e sa l t dissolves 
i n n i t r i c ac id g iv ing off n i t r i c ox ide ; w i t h p o t a s h - l y e , m o l y b d e n u m t r i ox ide is 
d issolved, a n d silver subox ide is left as a b l ack p o w d e r . W . M u t h m a n n sa id t h a t t h e 
al leged silver s u b m o l y b d a t e is n o t h i n g m o r e t h a n a m i x t u r e of s i lver a n d t h e n o r m a l 
m o l y b d a t e . C. W . Scheele , J . B . R i c h t e r , a n d Li. F . S v a n b e r g a n d H . S t r u v e 
p r e p a r e d s i lver m o l y b d a t e , A g 2 M o O 4 , a s a w h i t e or ye l lowish-whi te , a m o r p h o u s 
p r e c i p i t a t e , b y a d d i n g a s i lver s a l t t o a soln. of a m o l y b d a t e . E . F . S m i t h a n d 
R . H . B r a d b u r y o b t a i n e d i t in a s imi la r w a y . H . D e b r a y o b t a i n e d t h e sa l t in cubic 
c rys t a l s hy a l lowing a n a m m o n i a c a l soln. of a m m o n i u m m o l y b d a t e a n d silver 
n i t r a t e t o e v a p o r a t e s p o n t a n e o u s l y . W . M u t h m a n n o b t a i n e d t h e c rys t a l s in a s imi lar 
w a y . R . W . Gr. WyckofE s t u d i e d t h e X - r a d i o g r a m of t h e c rys ta l s , a n d showed t h a t 
t h e s t r u c t u r e is l ike t h a t of t h e sp inels or of m a g n e t i t e . T h e l e n g t h of t h e side of t h e 
u n i t c u b e , c o n t a i n i n g 8 mols . , is 9-26 A. P . P . E w a l d s t u d i e d th i s sub jec t . Silver 
m o l y b d a t e is co loured w h e n h e a t e d , a n d i t r e a d i l y m e l t s t o a yel low l iquid . I t 
fo rms a col loidal soln. w i t h w a t e r , p a r t i c u l a r l y w h e n freshly p r e c i p i t a t e d ; accord­
ing t o H . R o s e , i t r e a d i l y dissolves i n n i t r i c ac id ; a n d , accord ing t o E . F . S m i t h 
a n d R . H . B r a d b u r y , i t d issolves in a soln. of p o t a s s i u m cyan ide , or of s o d i u m 
h y d r o x i d e . J . K r u t w i g o b s e r v e d t h a t t h e fused sa l t is n o t a t t a c k e d b y chlor ine ; 
a n d O. W i d m a n , t h a t if t h e a m m o n i a c a l soln . is e v a p o r a t e d in a n a t m . of a m m o n i a , 
o r if t h e sol id sa l t is t r e a t e d w i t h a m m o n i a , s i lver d iamminomolybdate , 
[ A g ( N H a ) 2 ^ M o O 4 , is fo rmed , i n t h e l a t t e r case , a s a w h i t e powder , and , in t h e 
fo rmer case , c rys t a l s w h i c h a r e p r o b a b l y isomor^>hous w i t h t h e cor responding 
t u n g s t a t e . T h e s a l t loses all i t s a m m o n i a a t 65° . P . R a y a n d J . O a s g u p t a p r e p a r e d 
a c o m p l e x w i t h h e x a m e t h y l e n e t e t r a m i n e . 

Accord ing t o J . B . R i c h t e r , 7 w h e n p o t a s s i u m m o l y b d a t e is a d d e d t o a soln. 
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of aur ic chloride, orpiment-yel low gold molybdate is p rec ip i t a ted . I t is soluble 
in hydrochlor ic or n i t r ic acid, a n d spar ingly soluble in -water. 

W . H . Melville 8 descr ibed a greenish minera l which he ob ta ined from, t h e 
Seven Devils min ing dis t r ic t , I d a h o . I t was n a m e d powell i te—after J . W . Powel l . 
I t app rox ima te s in composi t ion t o n o r m a l ca lc ium molybdate , CaMoO4 , associa ted 
wi th some calc ium t u n g s t a t e . E . Ull ik ob ta ined a whi te p rec ip i t a te of ca lc ium 
m o l y b d a t e b y add ing ca lc ium chloride t o a soln. of neu t r a l sod ium m o l y b d a t e . 
T h e prec ip i ta te does n o t form in cold, dil . soln., nor in t h e presence of acet ic acid. 
T h e sa l t was ob ta ined b y E . E . S m i t h a n d R . H . B r a d b u r y in a similar way . 
A. Kissock ob ta ined i t b y t r e a t i n g roas ted molybden i t e w i th s laked l ime ; a n d 
H . C. Maber , b y h e a t i n g roas t ed molybden i t e wi th calc ium c a r b o n a t e a t 600°. E . de 
Carli observed t h a t t h e reac t ion bet-ween calcium oxide a n d m o l y b d e n u m t r iox ide 
begins a t 650°. D . BalarefE, W . J a n d e r , a n d G. T a m m a n n also s tud ied t h i s reac t ion . 
G. T a m m a n n found t h e reac t ion be tween m o l y b d e n u m t r iox ide a n d ca lc ium oxide 
begins a t a b o u t 425° ; a n d wi th calcium ca rbona t e above 600°. W . J a n d e r s tud ied 
t h e d y n a m i c s of t h e he terogeneous reac t ion CaCO 3 H-MoO 3 =CaMoO 4 - I -CO 2 , be tween 
487° a n d 550°, a n d examined t h e influence of t h e gra in size of t h e c o m p o n e n t 
par t ic les . H . Schul tze , a n d L . Michel ob ta ined crys ta ls b y mel t ing a m i x t u r e of 
sod ium m o l y b d a t e , ca lc ium chloride, a n d sodium chloride ( 1 : 3 : 2 ) , a n d H . T r a u b e 
ob ta ined crys ta ls as a sub l imate when t he m o l y b d a t e is h e a t e d wi th a m i x t u r e of 
sodium a n d po ta s s ium chlorides t o a high t e m p . According t o T. H . H i o r t d a h l , 
t h e c rys ta ls are t e t r agona l b ipy ramids wi th t h e axia l ra t io a : c=l : 1-5457 ; a n d 
t h e s p . gr. is 4-35. F r o m t h e X- rad iograms , F . Zambonin i a n d R . G. Levi gave for 
t h e d imensions of t h e u n i t cell a = 3 - 6 7 A., a n d c = 5 - 6 9 A., a n d t h e y discussed t h e 
i somorph ism of t h e mo lybda t e s of lead a n d t h e a lkal ine ea r t h meta l s . E . Her l inger 
s tud ied t h e s t r u c t u r e of t h e c rys ta ls of t h e a lkal ine e a r t h mo lybda t e s . A. Kissock 
discussed t h e use of calcium m o l y b d a t e in steel mak ing . Crystals of powell i te 
were found b y W . H . Melville t o be t e t r agona l wi th t h e axial r a t io a : c = l : 1-5445. 
F . Zambon in i gave 1 : 5513—vide infra, t h e r a re e a r t h molybda te s . W . J a n d e r 
discussed t h e l a t t i ce - s t ruc tu re . L . Vegard a n d A. Refsum found t h a t t h e X- rad io -
g r a m of powell i te cor responded wi th a space- la t t ice of t h e rut i le t y p e wi th a 0 = 7-4 A., 
c 0 = l l - 4 4 A., a n d a : c=l : 1-546. The rad ius of t h e oxygen a to in = l-12 A., t h a t 
of t h e ca lc ium a t o m , 1*03 A., a n d t h a t of t h e posi t ive ion, 1-12 A. The e l e m e n t a r y 
cell h a s 8 mols . The sp. gr . is 4-526, a n d t h e ha rdness 3-5. F . Zambon in i a n d 
R . G. Lev i gave 4-28 for t h e sp. gr. P ; P . P i l ipenko gave 4-22 for t h e sp . gr. of 
some crys ta l s f rom wes te rn Al ta i , a n d 3*5 t o 4-0 for t h e hardness . F . W e s t p h a l 
s tud ied t h e m i x e d crys ta ls of ca lc ium a n d a m m o n i u m molybda t e s . W . J a n d e r 
s tud i ed t h e diffusion of t h e m o l y b d a t e a n d t u n g s t a t e . D . Balareff a n d N . L u k o v a 
found t h a t ca lc ium m o l y b d a t e lowers t h e dissociat ion press , of ca lc ium c a r b o n a t e . 
E . Cane gave 0-166 for t h e sp . h t . G. T a m m a n n gave for t h e h e a t of fo rma t ion of 
CaMoO4 , 26-5 CaIs. pe r mol . E . S. La r sen gave for t h e refract ive indices of powell i te , 
Ca(Mo,W)O 4 , € = 1 - 9 7 8 , a n d co = l -968, or c—co=0-01 for t he Z>-line. F . Zambon in i 
g a v e f o r A = 6 6 7 , e = l - 9 6 2 , c o = l - 9 5 9 , a n d c — o > = 0 - 0 0 8 ; for A = 5 7 0 , e = l - 9 8 4 , o> = l -974, 
a n d e—Cu=O-OlO; a n d for A = 5 8 3 , e = 1-993, o> = l-982, a n d e — t o = 0 - 0 1 1 . H . Schul tze 
ob t a ined crys ta l s of s tront ium molybdate , SrMoO4 , b y fusing a m i x t u r e of sod ium 
m o l y b d a t e , s t r o n t i u m chloride, a n d sod ium chloride ( 1 : 2 : 2 ) . Q-. T a m m a n n sa id 
t h a t t h e r eac t ion be tween m o l y b d e n u m t r iox ide a n d s t r o n t i u m c a r b o n a t e begins 
a t a b o u t 700°. T h e t e t r a g o n a l p y r a m i d s were found b y T. H . H i o r t d a h l t o h a v e t h e 
ax ia l r a t i o a : c=l : 1-5738. F . Zambon in i and R . G. Lev i gave for t h e d imens ions 
of t h e u n i t cell a = 3 - 7 9 A., a n d c = 5 - 9 7 A., a n d t h e y s tudied t h e i somorph i sm of t h e 
m o l y b d a t e s of l ead a n d t h e a lkal ine e a r t h me ta l s . E . K . B r o c k gave a = 5 - 3 8 0 A. , 
c = l l - 9 7 A., a : c==l : 2-226 ; a n d t h e ca lcu la ted dens i ty 4-718. W . J a n d e r dis­
cussed t h e l a t t i ce - s t ruc tu re ; a n d t h e diffusion of t he m o l y b d a t e a n d t u n g s t a t e . 
F . W . Clarke gave 4-1554 for t h e sp . gr . a t 20-5°, a n d 4-1348 a t 21° ; F . Z a m b o n i n i 
a n d R . G. L e v i gave 4-73 ; a n d V. G. A r a n d a , 4-6624. E . F . S m i t h a n d R . H , B r a d ­
b u r y found t h a t 100 p a r t s of w a t e r dissolve 0-O104 p a r t of sa l t a t 17°. F , W e a t p h a l 
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s t u d i e d t h e m i x e d c r y s t a l s of s t r o n t i u m a n d a m m o n i u m m o l y b d a t e s . F . de Carl i 
o b s e r v e d t h a t t h e r e a c t i o n b e t w e e n m o l y b d e n u m t r i o x i d e a n d b a r i u m ox ide begins 
a t 290° . D . BalarefE, J . H . H e v d a l l , a n d N . v o n Zweigbe rgh a lso s t u d i e d th i s 
r e a c t i o n . W . J a n d e r r e p r e s e n t e d t h e t e m p , coeff., k9 of t h e r e a c t i o n w i t h ca l c ium 
c a r b o n a t e a n d m o l y b d e n u m t r i o x i d e b y k=ce~^^00°/T

> a n d t h e t h e r m a l v a l u e of t h e 
r e a c t i o n b y 21-5 CaIs. E . Cane g a v e 0-149 for t h e sp . h t . L . F . S v a n b e r g a n d 
H . S t r u v e o b t a i n e d b a r i u m m o l y b d a t e , B a M o O 4 , b y a d d i n g b a r i u m ch lo r ide t o a 
soln. of a m m o n i u m m o l y b d a t e o r p a r a m o l y b d a t e in a n excess of a m m o n i a , a n d 
w a s h i n g t h e p r o d u c t w i t h co ld w a t e r . H . Schu l t ze o b t a i n e d c rys t a l s b y m e l t i n g 
a m i x t u r e of s o d i u m m o l y b d a t e , b a r i u m chlor ide , a n d sod ium ch lor ide ( 1 : 3 : 2) . 
Gr. T a m m a n n sa id t h a t t h e r e a c t i o n b e t w e e n m o l y b d e n u m t r iox ide a n d b a r y t a 
begins a t a b o u t 290° ; a n d w i t h b a r i u m c a r b o n a t e a t 660°—W. J a n d e r s t u d i e d 
t h i s r e ac t i on . T h e ac i cu la r c r y s t a l s a r e t e t r a g o n a l p y r a m i d s which , accord ing t o 
T . H . H i o r t d a h l , h a v e t h e a x i a l r a t i o a : c = l : 1-6232. F . Z a m b o n i n i a n d K. Gr. L e v i 
g a v e for t h e d i m e n s i o n s of u n i t cell a = 3 - 9 6 A. , a n d c = 6 - 5 3 A., a n d t h e y s t u d i e d 
t h e i s o m o r p h i s m of t h e m o l y b d a t e s of l e ad a n d t h e a lka l ine e a r t h m e t a l s . L . V e g a r d 
a n d A. R e f s u m g a v e for t h e e l e m e n t a r y cell, a0=7-858 A. , C0 = 12*755 A., a n d 
a : c = l : 1-623 ; t h e r a d i u s of t h e o x y g e n a t o m is 1-24 A . ; of t h e b a r i u m a t o m , 
1-02 A. ; a n d of t h e pos i t ive ion , 1-21 A . W . J a n d e r d i scussed t h e l a t t i c e - s t r u c t u r e , 
a n d t h e diffusion of t h e m o l y b d a t e a n d t u n g s t a t e . F . W . Clarke g a v e 4*659 for t h e 
s p . gr . a t 17-5°, a n d 4-648 a t 19-5° ; F . Z a m b o n i n i a n d R . G. L e v i g a v e 4*84 ; a n d 
V. G. A r a n d a , 4-9747. E . C a n e g a v e 0-113 for t h e sp . h t . G. T a m m a n n g a v e 60-1 
CaIs. for t h e h e a t of f o r m a t i o n of B a M o O 4 . A c c o r d i n g t o E . F . S m i t h a n d 
R . H . B r a d b u r y , 100 p a r t s of w a t e r a t 23° dissolve 0-0058 p a r t of t h e sa l t ; t h e 
so lub i l i ty is a u g m e n t e d b y t h e p r e sence of a m m o n i u m n i t r a t e . T h e sa l t is soluble 
in ac ids , a n d , w h e n a m m o n i a i s a d d e d t o t h e soln. , C. J . H e i n e s a id t h a t a bas ic sa l t 
is p r e c i p i t a t e d , b u t L . F . S v a n b e r g a n d H . S t r u v e f o u n d t h a t t h e n o r m a l sa l t is so 
fo rmed . L . K a h l e n b e r g a n d W . J . T r a u t m a n n o b s e r v e d n o r e a c t i o n occurs w h e n 
a m i x t u r e of b a r i u m m o l y b d a t e a n d sil icon is h e a t e d b y t h e b u n s e n b u r n e r , b u t a 
s l igh t r e a c t i o n occurs i n t h e e lec t r ic a r c . 

A . A t t e r b e r g 9 f o u n d t h a t if e q u i m o l a r p a r t s of b e r y l l i u m h y d r o x i d e a n d 
m o l y b d e n u m t r i o x i d e a r e bo i led w i t h w a t e r , for a long t i m e , a v o l u m i n o u s p re ­
c i p i t a t e cons i s t ing of i n t e r l aced need les of a bas ic s a l t — b e r y l l i u m o x y m o l y b d a t e , 
B e O . B e M o O 3 . 3 H 2 O — i s fo rmed . I t loses a mo l . of w a t e r a t 100°. G. T a m m a n n 
f o u n d t h a t t h e r e a c t i o n b e t w e e n m o l y b d e n u m t r i o x i d e a n d b e r y l l i u m oxide begins a t 
a b o u t 400° ; a n d t h e h e a t of f o r m a t i o n of b e r y l l i u m m o l y b d a t e , BeMoO 4 , is 4-O CaIs. 
p e r m o l . A c c o r d i n g t o A . !Rosenheim a n d P . W o g e , t h e dihydrate, B e M o O 4 . 2 H 2 O , is 
o b t a i n e d b y bo i l ing t h e t h e o r e t i c a l q u a n t i t y of h y d r a t e d be ry l l i um oxide w i t h 
m o l y b d e n u m t r i o x i d e s u s p e n d e d in w a t e r . T h e oily l iqu id forms a n agg rega te 
of s l ende r need les if k e p t for s o m e t i m e in t h e ac id . 

A . a n d E . Scacch i 1 0 o b t a i n e d f rom a n o ld rock e m b e d d e d i n V e s u v i a n l ava , 
w h i t e need les cons i s t ing of t e t r a g o n a l c ry s t a l s of a m i n e r a l which t h e y n a m e d 
be lonos i t e—from /JeAoV^, a n e e d l e — a n d which w a s cons idered t o be m a g n e s i u m 
m o l y b d a t e , MgMoO 4 . F . d e Carl i o b s e r v e d n o r eac t i on b e t w e e n m o l y b d e n u m 
t r i o x i d e a n d m a g n e s i a u p t o 1200° , b u t G. T a m m a n n sa id t h a t t h e r eac t ion begins 
a t a b o u t 425° , a n d t h e h e a t of f o r m a t i o n of MgMoO 4 is 7-3 CaIs. p e r mol . F . Ull ik, 
M. De la fon ta ine , . a n d H . S t r u v e p r e p a r e d t h e a n h y d r o u s s a l t b y ca lc in ing , a t n o t 
t o o h igh a t e m p . , t h e h y d r a t e d s a l t o b t a i n e d hy boi l ing m a g n e s i a in w a t e r ho ld ing 
m o l y b d e n u m t r i o x i d e i n suspens ion , a n d e v a p o r a t i n g t h e filtered l iquid. 
G. IST. WyroubofiE f o u n d t h a t r h o m b i c c rys t a l s of t h e heptahydrate a r e formed a t 
a b o u t 30° ; a n d F . W e s t p h a l a lso o b t a i n e d r h o m b i c c rys t a l s of t h e h e p t a h y d r a t e 
w h i c h a r e i s o m o r p h o u s w i t h h e p t a h y d r a t e d m a g n e s i u m s u l p h a t e ; a n d which lost 
five mols . of "water a t 80° . G. N . WyroubofE o b s e r v e d t h a t soln. a t a t e m p , exceeding 
30° y i e ld t h e t r ic l in ic pentahydrate. T h e t r a n s i t i o n t e m p , h a s n o t been d e t e r m i n e d 
e x a c t l y . F . "Westphal p r e p a r e d t h e sa l t b y m i x i n g soln. of m a g n e s i u m chlor ide 
a n d of s o d i u m m o l y b d a t e . A* a n d E . Scacchi descr ibed be lonos i te as a whi te 

V O L . x i . 2 o 
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m i n e r a l cons i s t ing of m i n u t e , ac icu la r c rys t a l s of MgMoO 4 , w h i c h a r e t e t r a g o n a l w i t h 
t h e ax ia l r a t i o a : c==l : 0-66054. W . J a n d e r d i scussed t h e l a t t i c e - s t r u c t u r e , a n d 
t h e diffusion of t h e m o l y b d a t e a n d t u n g s t a t e . T h e t r ic l inic p e n t a h y d r a t e furn ishes 
p r i s m a t i c c rys t a l s i s o m o r p h o u s w i t h t h e p e n t a h y d r a t e s of c o p p e r s u l p h a t e , a n d 
m a g n e s i u m s u l p h a t e a n d c h r o r n a t e . T h e ax i a l r a t io s were f o u n d b y G-. N . W y r o u -
hoft t o be a : b : c = 0 - 5 2 6 4 : 1 : 0-5732, a n d a = 8 0 ° 4 3 ' , £ = 9 8 ° 52% a n d y = 1 0 7 ° 2 8 ' . 
T h e s p . gr . is 2-208. T h r e e mo l s . of w a t e r a re los t a t 120°, a n d t h e r e m a i n d e r a t a 
r e d - h e a t w i t h o u t d e c o m p o s i n g t h e m o l y b d a t e . M. De la fon ta ine sa id t h a t t h e s a l t 
is r e ad i l y soluble in h o t a n d cold w a t e r . F . Rodo l i co p r e p a r e d a c o m p l e x w i t h 
h e x a m e t h y l e n e t e t r a m i n e , M g M o O 4 . X . 1 0 H 2 O . 

F . U l l i k p r e p a r e d a m m o n i u m m a g n e s i u m m o l y b d a t e , ( N H 4 ) 2 M o 0 4 . M g M o O 4 . 2 H 2 0 > 
b y e v a p o r a t i n g a n e q u i m o l a r soln. of t h e t w o sa l t s s p o n t a n e o u s l y , o r o n a w a t e r -
b a t h ; a n d also b y a d d i n g a m m o n i a t o a soln. of m a g n e s i u m m o l y b d a t e , a n d 
c rys ta l l i z ing t h e filtrate. V . v o n Zepha rov ich g a v e a : b : c = 0 * 8 5 1 : 1 : 0-436 for 
t h e ax i a l r a t i o s of t h e p r o b a b l y r h o m b i c , b i p y r a m i d a l c r y s t a l s . T h e (010)-
c leavage is well defined ; a n d t h e (100)-cleavage less so . W h e n t h e sa l t is h e a t e d 
F . Ul l ik o b s e r v e d t h a t w a t e r a n d a m m o n i a a re evo lved ; t h e s a l t is freely soluble 
in w a t e r . F . Ul l ik s t u d i e d t h e i somorph i sm of t h e m o l y b d a t e s , s u l p h a t e s , a n d 
c h r o m a t e s . If m i x e d soln. of m a g n e s i u m m o l y b d a t e a n d a m m o n i u m s u l p h a t e , 
or of m a g n e s i u m s u l p h a t e a n d a m m o n i u m m o l y b d a t e , a r e a l lowed t o c rys ta l l i ze , 
i s o m o r p h o u s m i x t u r e s of t h e m o l y b d a t o - and s u l p h a t o - c o m p l e x sa l t s a r e f o r m e d 
in wh ich t h e r a t i o M o O 3 : SO 3 d e p e n d s on t h e p r o p o r t i o n s of t h e rad ic les in t h e 
soln . W i t h di l . soln. e v a p o r a t e d spon t aneous ly , t h e sa l t w h i c h s e p a r a t e s h a s a 
sma l l p r o p o r t i o n of m o l y b d a t e , whi le a l a rge p r o p o r t i o n of m o l y b d a t e is 
p r e s e n t if h o t , s a t . soln. a r e mixed . T h e c rys t a l s h a v e t h e c o m p o s i t i o n 
( N H 4 ) 2 M g ( M o 0 4 ) 2 — n ( S 0 4 ) n . 6 H 2 0 , a n d a re monocl in ic l ike t h e c o m p l e x s u l p h a t e s 
( N H 4 ) 2 M g ( S 0 4 ) 2 . 6 H 2 0 . T h e m i x e d c rys ta l s were also s t u d i e d b y F . W e s t p h a l . 
F . Ul l ik also f o u n d t h a t m i x e d soln. of m a g n e s i u m m o l y b d a t e a n d a m m o n i u m 
ch r o rna te also furnish i s o m o r p h o u s m i x t u r e s of t h e t w o sa l t s . F . Ul l ik p r e p a r e d 
c r y s t a l s of p o t a s s i u m m a g n e s i u m molybdate , K 2 M g ( M o 0 4 ) 2 . 2 H 2 0 , b y t h e m e t h o d 
e m p l o y e d foT t h e a m m o n i u m sa l t . T h e sa l t loses w a t e r a n d m e l t s a t a d u l l r ed -
h e a t ; a n d i t is s lowly d issolved b y cold w a t e r , a n d qu ick ly b y h o t w a t e r . F . Ul l ik 
f o u n d t h a t m i x e d soln. of m a g n e s i u m m o l y b d a t e a n d p o t a s s i u m s u l p h a t e furn i sh 
c r y s t a l s of t h e s e p a r a t e c o m p o n e n t s , b u t w i t h m i x e d soln . of m o l y b d a t e s a n d 
c h r o m a t e s , i s o m o r p h o u s m i x t u r e s of K 2 Mg(MoO 4 ) n __2(CrO 4 ) n .2H 2 0 a r e fo rmed . 

F . d e Oarli X1 obse rved t h a t a r eac t ion b e t w e e n m o l y b d e n u m t r i o x i d e a n d zinc ox ide 
beg ins a t 270° . R . B r a n d e s o b t a i n e d a p r e c i p i t a t e b y a d d i n g a m m o n i u m m o l y b d a t e 
t o a soln. of a z inc sa l t , a n d t h e yel lowish -whi te p o w d e r a p p r o x i m a t e d in com­
pos i t i on t o z i n c m o l y b d a t e , ZnMoO 4 . W . J a n d e r d iscussed t h e l a t t i c e - s t r u c t u r e ; 
a n d t h e diffusion of t h e m o l y b d a t e a n d t u n g s t a t e . T h e r e is a n i n t e r c h a n g e of ac id 
rad ic le in t h e r e a c t i o n s C d O + Z n M o O 4 = C d M o O 4 + Z n O ; M g O + Z n M o O 4 = M g M o O 4 
+ Z n O ; M g O + C d M o 0 4 = C d O + M g M o O 4 ; a n d M g O + M n M o O 4 = M g M o 0 4 + M n O . 
R . B r a n d e s sa id t h a t z inc m o l y b d a t e is spa r ing ly soluble in w a t e r ; a n d r e a d i l y 
so luble in ac ids . A . Color iano, a n d E . Manassewi t sch s h o w e d t h a t t h e p r o d u c t 
o b t a i n e d b y p r e c i p i t a t i o n is rea l ly t h e monohydrate, wh ich does n o t lose al l i t s 
w a t e r a t 100°. H . S c h u l t z e o b t a i n e d m i n u t e needles of t h e a n h y d r o u s s a l t b y 
fus ing t o g e t h e r a m i x t u r e of s o d i u m m o l y b d a t e , z inc ch lor ide , a n d s o d i u m ch lor ide 
( 2 : 3 : 6) , a n d w a s h i n g t h e cold m a s s -with w a t e r . T h e s a l t is fusible. F , L . Son-
nensche in p r e p a r e d c ry s t a l s of z i n c d iamminomolybdate > Z n ( N H s ) 2 M o 0 4 . H 2 0 , b y 
e v a p o r a t i n g t h e filtered l i qu id o b t a i n e d b y d iges t ing zinc ox ide w i t h a n a m m o n i a c a l 
so ln . of a m m o n i u m m o l y b d a t e . 

F . d e Carl i o b s e r v e d t h a t a r e a c t i o n b e t w e e n c a d m i u m ox ide a n d m o l y b d e n u m 
t r i o x i d e beg ins a t a b o u t 500° . R . R r a n d e s o b t a i n e d w h a t a p p e a r s t o h a v e b e e n 
c a d m i u m m o l y b d a t e , CdMoO 4 , b y p r e c i p i t a t i o n a s in t h e case of t h e a n a l o g o u s 
z inc s a l t ; a n d H . Sehult&e o b t a i n e d ye l low p l a t e s of t h e a n h y d r o u s s a l t b y m e l t i n g 
t o g e t h e r s o d i u m m o l y b d a t e , c a d m i u m chlor ide , a n d s o d i u m ch lor ide ( 2 : 7 : 6 ) . 
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T h e sa l t w a s also o b t a i n e d b y t h e p r ec ip i t a t i on process b y E . F . S m i t h a n d 
H . H . B r a d b u r y , A. J u n i u s , a n d E . Manassewi t sch . E . K . Broch ca l cu l a t ed f rom 
t h e X - r a d i o g r a m s , t h e space - l a t t i ce w i t h « = 5 - 1 3 8 A., c—11-17 A., a : c—l : 2-174 ; 
a n d t h e dens i ty , 5-347. W . J a n d e r s t u d i e d t h e diffusion of t h e m o l y b d a t e a n d 
t u n g s t a t e . T h e sa l t is s p a r i n g l y soluble in w a t e r , freely soluble in ac ids , a q . 
a m m o n i a , a n d soln. of p o t a s s i u m cyan ide . S. H . C. Br iggs o b t a i n e d colourless 
crystals of ammonium cadmium diamminomolybdate, (NH4J2CdMoO4(ISrHg)2, 
f rom a n a m m o n i a c a l soln. of c a d m i u m s u l p h a t e a n d a m m o n i u m m o l y b d a t e a s in 
t h e case of t h e c o r r e s p o n d i n g c o p p e r sa l t . T h e sa l t is pa r t i a l l y d e c o m p o s e d w h e n 
h e a t e d . 

H . S t r u v e 1 2 t r e a t e d p o t a s s i u m t r i m o l y b d a t e w i t h m e r c u r o u s n i t r a t e a n d w a s h e d 
t h e r e su l t i ng d i m o l y b d a t e w i t h w a t e r u n t i l i t f o rmed golden-yel low needles of 
m e r c u r o u s m o l y b d a t e , H g 2 M o O 4 ; t h e c h a n g e occurs m o r e r ap id ly if t h e p r ec ip i t a t e 
a n d m o t h e r - l i q u o r b e boi led for a long t i m e . C. W . Scheele sa id t h a t mercur i c 
ch lor ide does n o t g ive a p r e c i p i t a t e w i t h m o l y b d i c ac id ; b u t J . J . Berze l ius , a n d 
C. H a t c h e t t obse rved t h a t w i t h p o t a s s i u m m o l y b d a t e a yel low p rec ip i t a t e of 
mercur i c m o l y b d a t e is p r o d u c e d w h i c h is d e c o m p o s e d b y n i t r ic acid ; 1OO p a r t s 
of w a t e r dissolve O-167 t o 0-200 p a r t of t h e sa l t . A c c o r d i n g t o C. H . Hi rze l , finely-
d iv ided m e r c u r i c ox ide is r a p i d l y a t t a c k e d b y a cone . soln. of ac id a m m o n i u m 
m o l y b d a t e , a n d af ter boi l ing for some h o u r s , a yel lowish -whi t e , g r a n u l a r p r e ­
c i p i t a t e is f o r m e d — n o a m m o n i a is g iven off, a n d n o m e r c u r y passes i n t o soln. 
T h e c o m p o s i t i o n of t h e p r e c i p i t a t e w a s n o t d e t e r m i n e d . 

H . S t r u v e , 1 3 a n d J . Gr. Gen te l e were u n a b l e t o p r e p a r e n o r m a l a l u m i n i u m 
m o l y b d a t e ; n o r h a s g a l l i u m m o l y b d a t e b een o b t a i n e d . T h e a l u m i n i u m m o l y b d a t e s 
a r e discussed below. Gr. T a m m a n n o b s e r v e d n o r e a c t i o n b e t w e e n a l u m i n a a n d 
m o l y b d e n u m t r i ox ide be low 700° . O. R e n z p r e p a r e d i n d i u m molybdate , 
I n 2 ( M o O 4 ) S ^ H 2 O , b y t h e a c t i o n of a m m o n i u m m o l y b d a t e on a soln. of a n i n d i u m 
sa l t ; t h e w h i t e p r e c i p i t a t e dr ies t o a ho rn - l i ke m a s s ; i t is inso luble in wa te r , 
a n d soluble in hyd roch lo r i c ac id . M. D e l a f o n t a i n e p r e p a r e d t b a l l o u s molybdate , 
Tl 2 MoO 4 , b y boi l ing t h a l l o u s ox ide or c a r b o n a t e w i t h w a t e r a n d m o l y b d i c ac id ; 
P . S. Oe t t i nge r , a n d H . F l e m i n g , b y d o u b l e d e c o m p o s i t i o n of a soln. of a t h a l l o u s 
sa l t w i t h a n o r m a l m o l y b d a t e ; a n d F . M a u r o , b y r o a s t i n g t h a l l o u s m o l y b d e n u m 
d ioxy te t r a f luo r ide a t a r e d - h e a t iu a i r . I t s e p a r a t e s f rom a h o t a q . soln. a s a 
c rys ta l l ine p o w d e r , or in t a b u l a r c rys t a l s . I t m e l t s a t a r e d - h e a t t o form a yel low 
l iquid , a n d p a r t i a l vo la t i l i za t ion occurs . T h e sa l t is so luble in a lka l i - lye ; a n d i t 
d issolves in hydrof luor ic ac id t o f o r m a soln . w h i c h w h e n e v a p o r a t e d o v e r su lphu r i c 
ac id , furn ishes c ry s t a l s of t h a l l o u s m o l y b d e n u m d i o x y t e t r a f l u o r i d e . 

P . D id i e r 1 4 p r e p a r e d c e r o u s m o l y b d a t e , C e 2 ( M o 0 4 ) 3 , b y fusing a m i x t u r e of 
a n h y d r o u s ce rous ch lor ide a n d s o d i u m m o l y b d a t e ; a n d A. Oossa obse rved t h a t a 
soln. of a ce rous sa l t g ives a g e l a t i n o u s w h i t e p r e c i p i t a t e w h e n t r e a t e d w i t h sod ium 
m o l y b d a t e ; t h e p r e c i p i t a t e b e c o m e s ye l low a n d c rys ta l l ine . H . T r a u b e o b t a i n e d 
c ry s t a l s of c e r i u m m o l y b d a t e as a s u b l i m a t e b y t h e m e t h o d i n d i c a t e d in connec t ion 
w i t h ca l c ium m o l y b d a t e . Gr. T a m m a n n sa id t h a t t h e r e a c t i o n b e t w e e n ce r ium 
d iox ide , a n d m o l y b d e n u m t r i o x i d e beg ins a t a b o u t 650°, a n d Ce2(MoO4)S *s fo rmed. 
T h e s p . g r . of t h e sa l t , w h i c h h a s b e e n fused in a n i ne r t a t m . , is 4-56. F . Z a m b o n i n i 
a n d R . G. !Levi g a v e 5-03 for t h e sp . gr . Acco rd ing t o A . Cossa, t h e c rys ta l s 
a r e t e t r a g o n a l a n d a r e i s o m o r p h o u s w i t h wulfeni te ; t h e y h a v e t h e ax ia l ra t ios 
a : c = l : 1*558. F . Z a m b o n i n i f o u n d t h a t t h e a i r -d r i ed p r e c i p i t a t e is t h e t r i h y d r a t e , 
C e 2 ( M o 0 4 ) 3 . 3 H 2 0 . H e o b t a i n e d c rys t a l s of t h e a n h y d r o u s sa l t b y fusing t h e 
p r e c i p i t a t e d sa l t i n a n e lec t r ic fu rnace , a n d slowly cool ing t h e m a s s ; h e g a v e for 
t h e a x i a l r a t i o of t h e r h o m b i c c rys t a l s a : b : c = 0 - 6 6 3 1 : 1 : 0-8212. T h e sp . gr . 
of t h e r h o m b i c c r y s t a l s is 4-83 a t 20°/20° ; t h e m o L vol . , 167-4 ; a n d t h e m . p . , 930° . 
F . Z a m b o n i n i a lso o b t a i n e d a t e t r a g o n a l fo rm b y h e a t i n g t h e sa l t d r ied a t 180° t o 1050° 
a n d s lowly cooling i t f rom 9 0 0 ° — t h e ax i a l r a t i o w a s a : c = l : 1-5624 ; F . Z a m b o n i n i 
a n d R . G. L e v i g a v e for t h e d imens ions of u n i t cell <z=3-77 A. , a n d c = 5 - 8 1 A. 
F . Z a m b o n i n i g a v e 5-03 for t h e s p . g r . a t 18°/18° ; a n d for t h e mol . vol . , 151-2. 
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€ 

1-9127 
1-9258 
1-9350 

CO 

1-9088 
1-921O 
1-9290 

€ CO 

00039 
0-0048 
O-OOOO 

r 

1-940 
1-956 
1-963 

CO 

1-937 
1-952 
1-958 

€ CO 

0 0 0 3 
0 0 0 4 
0-005 

E . Cane gave 0 1 2 6 for t h e s p . h t . T h e indices of re f rac t ion a n d d ispers ions for 
A = 6 6 7 , 570, a n d 533 a re r e spec t ive ly tt> — 2 0 1 8 5 , € — 2 0 0 6 7 , a n d ct>—€=0-0118 ; 
c o = 2 - 0 4 0 3 , € = 2 - 0 2 7 7 , a n d a > — € = 0 0 1 2 6 ; a n d o>=2-0512, € = 2 - 0 3 7 5 , a n d a> — e 
= 0 - 0 1 3 7 . S. P r a k a s h a n d N . R . D h a r o b t a i n e d t h e hyd roge l of eerie m o l y b d a t e . 
T h e c rys t a l p l a t e s o b t a i n e d in p r e p a r i n g t h e t e t r a g o n a l fo rm a p p e a r t o b e c e r o u s eer ie 
or cerosic molybdate , CeyMo0 4 ) 3 . 2Ce (Mo0 4 )2 . E . Her l inge r s t u d i e d t h e c r y s t a l 
s t r u c t u r e . F . Z a m b o n i n i p r e p a r e d i s o m o r p h o u s m i x t u r e s of t e t r a g o n a l c ry s t a l s 
of ca lc ium a n d cerous m o l y b d a t e s con t a in ing u p t o 59-1 p e r cen t , of ce rous 
m o l y b d a t e . T h e ax i a l r a t i o s a : c of t h e t e t r a g o n a l c rys t a l s w i t h O, 6-5, a n d 59-1 
pe r cen t , of cerous m o l y b d a t e a r e , respec t ive ly , 1 : 1*5513, 1 : 1-5492, a n d 1 : 1-551O. 
I s o m o r p h o u s m i x t u r e s of c rys ta l s of cerous a n d s t r o n t i u m m o l y b d a t e s w i t h u p 
t o 39-7 pe r cen t , of t h e ce r ium sa l t were p r e p a r e d . T h e re f rac t ive indices for l i gh t 
of wave - l eng th A were : 

2-4 per cent. Ce2(MoO4V 39-7 per cent. Ce2(Mo04)3. 

A 
667 
57O 
533 

F , T. F r e r i c h s a n d E . F . S m i t h p r e p a r e d l a n t h a n u m tr ihydromolybdate , 
LIaH3(MoO4)S, a s a p r ec ip i t a t e b y a d d i n g a m m o n i u m m o l y b d a t e t o a l a n t h a n u m 

sa l t . F . R . M. H i t c h c o c k o b t a i n e d t h e n o r m a l l a n t h a ­
n u m molybdate , IJa2(MoO4)S, b y a d d i n g s o d i u m m o l y b ­
d a t e t o a soln. of l a n t h a n u m chlor ide , a n d d e h y d r a t i n g 
t h e ge la t inous p r ec ip i t a t e . H . T r a u b e o b t a i n e d c rys t a l s 
a s a s u b l i m a t e b y t h e m e t h o d i n d i c a t e d for ca l c ium 
m o l y b d a t e . F . Z a m b o n i n i fused t h e sa l t a n d b y slow 
cooling o b t a i n e d t e t r a g o n a l , b i p y r a m i d a l c rys t a l s w i t h 
t h e ax ia l r a t i o a : c = l : 1-5504. F . Z a m b o n i n i a n d 
H . G. L e v i g a v e for t h e d imens ions of t h e e l e m e n t a r y 
cell, a = 3 - 7 8 A. a n d c = 5 - 6 8 A. F . Z a m b o n i n i f o u n d t h a t 
t h e op t i ca l c h a r a c t e r w a s n e g a t i v e . T h e sp . gr . is 4-77 
a t 16°/16° ; t h e mol . vol . , 158-9 ; a n d t h e m . p . , 1181°. 

E . Cane g a v e 0 1 1 4 for t h e sp . h t . G. Carobb i ' s s t u d y of t h e t e r n a r y s y s t e m : 
L a 2 ( M o O 4 J 8 - N a 2 M o O 4 - H 2 O a t 25°, a n d t h e resu l t s , F i g . 22, show t h e ex i s t ence of 
the two sodium lanthanum molybdates : L.a2(Mo04)3 .Na2Mo04 .2H20, and 
Lia 2 (Mo0 4 )3 .2Na 2 MoO 4 . 3H 2 O. F . Z a m b o n i n i f o u n d t h a t i s o m o r p h o u s m i x t u r e s 
were o b t a i n e d w i t h l ead m o l y b d a t e {q.vJ), w i t h u p t o 42 p e r cen t , of c a l c i u m 
m o l y b d a t e ; w i t h u p t o 62-5 p e r cen t , of s t r o n t i u m m o l y b d a t e ; a n d w i t h u p t o 
86-9 p e r cen t , of b a r i u m m o l y b d a t e . F . T . F r e r i ch s a n d E . F . S m i t h o b t a i n e d 
d i d y m i u m tr ihydromolybdate , D iH 3 (MoO 4 J 3 a s in t h e case of t h e l a n t h a n u m sa l t . 
A. Cossa also p r e p a r e d d i d y m i u m m o l y b d a t e , Di 2 (MoO 4J 3 . H . T r a u b e o b t a i n e d 
c rys t a l s a s a s u b l i m a t e b y t h e m e t h o d i n d i c a t e d for ca l c ium m o l y b d a t e in t e t r a ­
gona l c rys ta l s , which , acco rd ing t o F . Z a m b o n i n i h a v e t h e ax i a l r a t i o a : c=l : 1-5489. 
T h e s p . gr . is 4-96 a t 16-5°/16-5°. T h e m . p . is 1125°, b u t i t is n o t s h a r p . T h e d o u b l e 
re f rac t ion is n e g a t i v e , a n d t h e r e a r e n o o p t i c a l anoma l i e s . T h e i n d e x of re f rac t ion 
is 2-008 for t h e B-line ; 2-012 for t h e O-line ; 2-026 for t h e ZMine ; 2-039 for t h e 
JEMine ; a n d 2-054 for t h e FAine. I s o m o r p h o u s m i x t u r e s w e r e o b t a i n e d w i t h l ead 
m o l y b d a t e Uj.v.), a n d w i t h ca l c ium m o l y b d a t e . T h e c rys t a l s w i t h a b o u t 61-2 p e r 
cen t , of c a l c i u m m o l y b d a t e h a v e a feebly pos i t ive b i ref r ingence. T h e ind ices of 
re f rac t ion for l i gh t of wave - l eng th A a r e : 

§ s 

I 5 

_ 0-05 0/ 0/5 0-2 025 03 035 

F i o . 22 .—Equi l ibr ium in 
t h e S y s t e m : L a 2 ( M o 0 4 ) 3 -
N a 2 M o O 4 - H 2 O . 

I 
— 

- /;/:2 

I 
-----

r 
~25°~ 

\ 

f 

? 

X 
c 
CO 
€~tO • 

. 667 
1-9869 

. 1-9902 

. 00033 

599 
1-9947 
10089 
0-0042 

570 
20020 
20068 
0 0 0 4 8 

533 
2-0094 
20139 
0-0045 

475 
2 0 2 1 2 
2-0258 
0 0046 

I L R . M. H i t c h c o c k p r e p a r e d a e o d y m i u m m o l y b d a t e , N d 2 ( M o 0 4 ) 3 ; a n d F . Z a m b o n i n i 
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f o u n d t h a t t h e a i r -d r i ed s u b s t a n c e h a s t h e compos i t i on N d 2 ( M o O 4 ) S ^ H 2 O . 
W h e n h e a t e d w i t h m o l t e n s o d i u m chlor ide, v io le t c rys ta l s a r e fo rmed . T h e ax ia l 
r a t i o of t h e t e t r a g o n a l c r y s t a l s i s a : c = l : 1-5480. F . Z a m b o n i n i a n d R . G. L e v i 
g a v e for t h e d imens ions of t h e e l e m e n t a r y cell a = 3 - 7 4 A., a n d c = 5 * 7 9 A. 
5 \ Z a m b o n i n i found t h a t t h e b i ref r ingence is nega t i ve ; t h e indices of re f rac t ion a n d 
d ispers ions for A = 6 6 7 , 570, a n d 533 a re respec t ive ly co=2-0052 , € = 2 * 0 0 3 8 , a n d 
co —e=0-0014; <o=2-0239 , € = 2 - 0 2 1 8 , a n d co — <r=0-0021 ; a n d O J = 2 - 0 3 1 3 , € = 2 - 0 2 9 3 , 
a n d co—€=0-0020. T h e sp . gr . is 5-14 a t 18°/18° ; t h e mol . vol . , 149-5 ; a n d t h e 
m . p . , 1176°—vide infra, l e a d m o l y b d a t e . F . R . M. H i t c h c o c k p r e p a r e d p r a s e o ­
d y m i u m m o l y b d a t e b y p r e c i p i t a t i o n w i t h p r a s e o d y m i u m chlor ide a n d s o d i u m 
m o l y b d a t e soln . F . Z a m b o n i n i found t h a t w h e n d r i ed ove r su lphu r i c acid , t h e 
ge la t inous p r e c i p i t a t e h a s t h e c o m p o s i t i o n Pr 2 (MoO 4 )S-SJH 2 O ; a n d w h e n h e a t e d 
w i t h fused s o d i u m chlor ide , t h e a n h y d r o u s sa l t furnishes t e t r a g o n a l b i p y r a m i d s 
w i t h t h e ax i a l r a t i o a : c—1 : 1-5439. F . Z a m b o n i n i a n d R . G. T^evi gave for t h e 
d i m e n s i o n s of t h e e l e m e n t a r y cell, a=3-76 A., a n d c = 5 - 8 0 5 A. F . Z a m b o n i n i 
f o u n d t h a t t h e sp . gr . is 4-84 a t 16-5°/16-5° ; t h e m o l . vo l . is 157-3 ; a n d t h e m . p . , 
1030°. T h e b i ref r ingence is n e g a t i v e ; a n d t h e i n d e x of re f rac t ion € = 1-990, 2-007, 
a n d 2-016 r e spec t ive ly for A = 6 6 7 , 570, a n d 533 . P . T. Cleve o b t a i n e d s a m a r i u m 
m o l y b d a t e , S m 2 ( M o 0 4 ) 3 , in v io le t , r h o m b i c o c t a h e d r a , b y ca lc in ing a m i x t u r e of 
s a m a r i u m o x a l a t e , s o d i u m chlor ide , a n d m o l y b d e n u m t r i o x i d e . F . Z a m b o n i n i a n d 
R . G. !Levi f o u n d t h e d i m e n s i o n s of t h e u n i t cell t o b e a = 3 - 6 9 A., a n d c = 5 - 8 1 A. , 
t h e ax ia l r a t i o a : c = l : 1-5745. T h e sp . gr . is 5-36. A. Cleve p r e p a r e d s o d i u m 
s a m a r i u m m o l y b d a t e , S m N a ( M o 0 4 ) 2 } in pa le r e d needles . T h e t w o sa l t s c a n b e 
s e p a r a t e d b y l ev iga t ion in "water. F . Z a m b o n i n i p r e p a r e d y t t r i u m molybdate , 
Y 2 ( M o O 4 J 3 . 4 H 2 O , b y d r y i n g ove r c a l c i u m ch lor ide t h e p r e c i p i t a t e o b t a i n e d b y a d d i n g 
a soln. of s o d i u m m o l y b d a t e t o one of y t t r i u m n i t r a t e . W h e n me l t ed , a n d s lowly 
cooled, i t furn ishes g rey i sh -whi te or ye l low c r y s t a l p l a t e s wh ich be long t o t h e t e t r a ­
gona l s y s t e m , a n d h a v e t h e ax i a l r a t i o a : c = l : 1-5422 ; t h e (001)-cleavage is incom­
p le te ; t h e sp . gr . is 4-79 a t 16°/16° ; t h e mol . vol . is 137-4 ; t h e m . p . is 1347° ; 
a n d t h e i n d e x of re f rac t ion , e, for A = 6 6 7 is 2-013 ; for A = 5 7 0 , 2-031 ; a n d for 
A = 5 3 3 , 2-043. I s o m o r p h o u s m i x t u r e s w i t h l e ad m o l y b d a t e (</.v.), a n d w i t h ca lc ium 
m o l y b d a t e were p r e p a r e d . E . Cane g a v e 0-159 for t h e sp . h t . , F . Z a m b o n i n i found 
t h a t t h e c rys t a l s w i t h 95-3 p e r cen t , of t h e c a l c i u m sa l t h a d t h e r e spec t ive ind ices 
of re f rac t ion a n d d i spers ions e = l - 9 8 6 , co=1-978, a n d c—o>=0-008 for A = 6 6 7 ; 
c = 2 0 0 2 , OJ = 1 - 9 9 8 , a n d e — c o = 0 0 0 4 for A = 5 7 0 ; a n d € = 2 - 0 1 2 , o>=2-003 , a n d 
e—co=0-009 for A = 5 3 3 . I t w a s f o u n d t h a t t h e p re sence of cerous m o l y b d a t e 
f a v o u r s t h e f o r m a t i o n of i s o m o r p h o u s m i x t u r e s w i t h h i g h e r p r o p o r t i o n s of ca lc ium. 
Crys t a l s c o n t a i n i n g 24-7 p e r cen t , of y t t r i u m m o l y b d a t e , 21 pe r cent , of cerous 
m o l y b d a t e a n d 44-3 p e r cen t , of c a l c ium m o l y b d a t e h a d t h e ax ia l r a t i o 
a : c = l : 1-5436, a pos i t ive b i re f r ingence , a n d t h e ind ices of re f rac t ion for t h e 
C-, J9-, a n d K l i n e s r e spec t ive ly c = l -9939 , 2-0049, a n d 2-0208 ; o> = l -9905, 2-0004, 
a n d 2-0163 ; a n d c—o>=0-0034 , 0-0045, a n d 0-0045. A. Cleve o b t a i n e d y t terbium 
OXymolybdate, Y b 2 O 3 - Y b 2 O 2 ( M o O 4 ) , a s a green c rys ta l l ine powder , b y h e a t i n g 
y t t e r b i u m ox ide , m o l y b d e n u m t r i ox ide , a n d s o d i u m chlor ide a t a h igh t e m p . 

T h e s i l i con molybdates^ o r s i l i comolybdates , were d iscussed in connec t ion w i th 
t h e s i l i ca tes—6. 40, 50 . F o r t h e t i t a n i u m molybdates , vide infra. O. K u l k a 1 5 

t r e a t e d a cold, a q . soln . of a m m o n i u m p a r a m o l y b d a t e w i t h z i r con ium su lpha te , 
a n d o b t a i n e d a s l i m y p r e c i p i t a t e which , w h e n w a s h e d w i t h h o t wa te r , a p p r o x i m a t e d 
t o z i r c o n i u m m o l y b d a t e , Z r ( M o 0 4 ) 2 . 2 1 H 2 0 . Tt is inso lub le in wa te r , b u t soluble 
in h o t , cone , h y d r o c h l o r i c ac id . Z i r con ium h y d r o x i d e is insoluble in a n aq . soln. of 
a lka l i m o l y b d a t e . S. P r a k a s h a n d N . R . D h a r o b t a i n e d t h e hydroge l of z i rconium 
m o l y b d a t e . S. M. T a n a t a r a n d K. K . K u r o w s k y p r e p a r e d z i rconium o x y -
Chloromolybdate, Z r C l 4 . m Z r s ( M o 0 4 ) 2 . n Z r 0 2 . J- J . Berzel ius ob t a ined thor ium 
m o l y b d a t e a s a w h i t e p r e c i p i t a t e b y a d d i n g a soln. of a n a lka l i m o l y b d a t e t o one 
of a t h o r i u m s a l t ; a n d J . J . C h y d e n i u s , b y m i x i n g a feebly acid soln. of t h o r i u m 
t e t r a c h l o r i d e w i t h a n a m m o n i a c a l soln. of a m m o n i u m m o l y b d a t e . F . Zambon in i 
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o b t a i n e d t h e a n h y d r o u s sa l t , Th(Mo0 4 ) 2> b y fusing p a r t l y - d e h y d r a t e d t h o r i u m 
chlor ide w i th a n excess of a n h y d r o u s s o d i u m m o l y b d a t e . T h e t e t r a g o n a l c ry s t a l s 
h a v e t h e ax ia l r a t i o a : c = l : 0-73565 ; a n d t h e sp . gr . 4-92 a t 7-5°/7-5°. T h e y fo rm 
i somorphous m i x t u r e s w i t h t h o s e of ce rous m o l y b d a t e . S. P r a k a s h a n d N . R . D h a r 
p r e p a r e d t h e hydroge l of t h o r i u m m o l y b d a t e . 

T h e b lue colour o b t a i n e d b y J . B . R i c h t e r 1 6 b y m i x i n g a n a lka l i m o l y b d a t e 
w i th s t a n n o u s chloride, or b y t h e a c t i o n of t i n a n d hydroch lo r i c ac id o n m o l y b d e n u m 
t r iox ide suspended i n w a t e r -was s h o w n b y J . J . Berze l ius t o b e a m i x t u r e of s t a n n i c 
m o l y b d a t e a n d a b lue lower ox ide of m o l y b d e n u m . H . Schiff sa id t h a t t h e b lue 
p i g m e n t con ta ins n o t i n , a n d , accord ing t o G. Den iges , i t is p r o d u c e d b y o t h e r r e d u c i n g 
agen t s . J . P . Longsta i f r e c o m m e n d e d t h e r eac t ion as a t e s t for t i n . F . d e Carli 
obse rved t h a t a r e a c t i o n b e t w e e n s t a n n o u s ox ide a n d m o l y b d e n u m t r i ox ide beg ins 
a t 400°. J . J . Berze l ius o b t a i n e d s tannic molybdate , a s a g r ey p o w d e r insoluble 
in wa te r , a n d soluble in hydroch lo r i c ac id w i t h a b lue or g reen co lora t ion ; a n d in 
po t a sh - lye w i t h a b r o w n co lora t ion . I t is n o t d e c o m p o s e d b y n i t r i c ac id . 
S. P r a k a s h a n d N . R . D h a r d ia lyzed for 2 d a y s a m i x t u r e of 1-5.M-SIiCl2 w i th a 
25 p e r cen t . soln. of p o t a s s i u m m o l y b d a t e . T h e c lear soln. w a s m i x e d w i t h a n 
equa l vol . of wa t e r . I t s e t t o a je l ly in 5 h r s . T h e viscosi t ies a t 30° were : 

A g e . O 3 5 10 2 0 3 0 4 0 6O 8 0 m i n . 
V i s c o s i t y 0 0 1 2 7 2 0 0 1 3 5 3 0 0 1 4 7 1 0 0 1 8 0 4 0 0 2 3 0 O 0 0 3 0 3 2 O 0 3 4 4 7 0 0 4 4 1 2 0 0 7 5 0 5 

I . E q u e s a B o r n 1 7 descr ibed a m i n e r a l plumbum spatosum Jlavorubrum f rom 
A n n a b e r g , a n d i t was also e x a m i n e d b y N . J . v o n J a c q u i n , a n d F . X . Wul fen . 
J . B . X*. R o m e de FIsIe cal led i t plombjaune ; A. G. W e r n e r , Gelbbleierz ; R . K i r w a n , 
yellotv lead-spar o r molybderiated lead ore ; F . S. B e u d a n t , melinose ; a n d W . H a i d i n g e r , 
wulfen i te—afte r F . X . Wulfen . Ana lyses were r e p o r t e d b y J . C. H . H e y e r , 
M. H . K l a p r o t h , C. H a t c h e t t , F . Gobel , I . D o m e y k o , F . J o s t , J . L . S m i t h , 
F . Re in i t ze r , C. Li. Allen, C. S c h m i d t , C. F . R a m m e l s b e r g , G. Rose , J . F . W . J o h n ­
s ton , K . Schlier, V. v o n Zepharov ich , A. Schrauf, H . R e g n a r d , a n d F . W o h l e r . 
T h e mine ra l a p p r o x i m a t e s in compos i t i on t o l ead molybdate , P b M o O 4 . T h e l ead 
m a y be p a r t l y rep laced b y l ime forming, accord ing t o I . D o m e y k o , a n d V. v o n 
Zepha rov ich , calcium lead ?nolybdate, or else a n i s o m o r p h o u s m i x t u r e . Spec imens 
f rom P r i b r a m were found b y P . G r o t h t o c o n t a i n chromium—chromowul feni te— 
similar ly , A. Schrauf, J . L . S m i t h , a n d G. R o s e found c h r o m i u m in spec imens f rom 
R u k s b e r g , Phcenixvi l le , e t c . ; a n d E . F . S m i t h , C. F . R a m m e l s b e r g , a n d F . W o h l e r 
r e p o r t e d samples w i t h v a n a d i u m ; G. Carobbi , s amples w i t h r a r e e a r t h s ; a n d 
H . R e g n a r d , s amples w i t h arsenic . T h e m i n e r a l occurs in n a t u r e a s soc ia t ed w i t h 
o t h e r lead ores a t I i a c k e n t y r e , S c o t l a n d ; Cha lanches , a n d Beaujo la i s , F r a n c e ; 
Gorno , I t a l y ; S a r r a b u s , a n d G e n n a m a r i , Sa rd in ia ; S t . L u c , Swi t ze r l and ; Blei-
berg , Ca r in th i a ; R u s k i t z a , A u s t r i a ; R e z b a n y a a n d Szaska , H u n g a r y ; P r i b r a m , 
Czechoslovakia ; Moldawa , B a n a t ; A n n a b e r g , Schneeberg , J o h a n n g e o r g e n s t a d t , 
a n d Berggieshi ibel , S a x o n y ; Badenwe i l e r , B a d e n ; K i rgh i z S t e p p e s , S iber ia ; 
Mindoul i , F r e n c h Congo ; in Massachuse t t s , Ar izona , N e w Y o r k , P e n n s y l v a n i a , 
N e v a d a , N e w Mexico, a n d California, U n i t e d S t a t e s ; R i o Chico, Colombia ; 
Zaca tecas , Mexico, e tc . T h e m o d e of f o r m a t i o n of •wulfenite w a s d iscussed b y 
E . D i t t l e r , G. Bischof, A. H i m m e l b a u e r , M. Heng le in , C. S c h m i d t , G. Cesaro, 
a n d A. W . S te lzne r -Bergea t . J . F . Li. H a u s m a n n obse rved i t a s a fu rnace 
p r o d u c t . 

F . de Carli obse rved t h a t a r eac t ion b e t w e e n m o l y b d e n u m t r i ox ide a n d l ead 
ox ide begins a t 650° ; W . J a n d e r sa id 450° ; a n d G. T a m m a n n , a n d J . Guill issen, 
460°. D . Balareff sa id t h a t t h e m a x i m u m effect occurs a t 700°. J . J . Berze l ius 
p r e p a r e d lead m o l y b d a t e b y m i x i n g soln. of l ead n i t r a t e or a c e t a t e a n d a m m o n i u m 
m o l y b d a t e ; G. W e m p e , a n d H . B . Weise r used ac id a m m o n i u m m o l y b d a t e s ; 
a n d L . F . S v a n b e r g a n d H . S t r u v e , T . M. C h a t a r d , E . F . S m i t h a n d R . H . B r a d b u r y , 
A. J u n i u s , H . B . Weiser , F . M. J a g e r a n d H . C. G e r m s used s o d i u m m o l y b d a t e s . 
E . D i t t l e r t r e a t e d whi te - lead w i th a soln . of s o d i u m h y d r o x i d e c o n t a i n i n g 6 p e r 
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cen t , of a m m o n i u m 5 : 1 2 - m o l y b d a t e for 90 d a y s on a w a t e r - b a t h in a n a t m . of 
c a r b o n d iox ide , a n d w a s h e d o u t t h e c a r b o n a t e w i t h v e r y di l . hyd roch lo r i c ac id . 
N . S. Manros s m e l t e d a m i x t u r e of s o d i u m m o l y b d a t e a n d l e ad ch lor ide (1 : 6) in 
a closed crucible . F . Z a m b o n i n i used a s imi lar process . H . T r a u b e ob ta ined 
c rys t a l s as a s u b l i m a t e b y t h e m e t h o d used for ca l c ium m o l y b d a t e . H . B . Weiser 
o b t a i n e d col lo idal l ead m o l y b d a t e b y p rec ip i t a t ion a n d wash ing w i t h h o t w a t e r . 
T h e colloid is p e p t i z e d b y t h e se lec t ive a d s o r p t i o n of m o l y b d a t e ions. 1ST. R . D h a r 
a n d S. Ghosh found t h a t l e a d m o l y b d a t e is p e p t i z e d b y a m m o n i u m m o l y b d a t e . 
T h e sa l t was a n a l y z e d b y J . J . Berze l ius , L . F . S v a n b e r g a n d H . S t r u v e , N . S. M a n ­
ross , E . D i t t l e r , A. J u n i u s , G. W e m p e , a n d H . C. Germs , a n d t h e resu l t s agree 
w i t h t h e fo rmula PbMoO4 . . 

T h e p r e c i p i t a t e d s a l t is a w h i t e , or ye l lowish-whi te powde r , i t also a p p e a r s in 
ye l lowish-whi te , s ix-s ided p l a t e s , o c t a h e d r a , a n d p y r a m i d s . T h e colour of wulfeni te 
m a y b e wax-ye l low pass ing i n t o orange-ye l low, o range , s iskin-green or olive-green, 
ye l lowish-grey ; g r ey i sh -wh i t e , o r a l m o s t w h i t e , b r o w n , o r b r i g h t r ed . J . L . S m i t h 
sa id t h e r e d colour is d u e t o v a n a d a t e s ; G. R o s e , t o c h r o m i u m ; P . G r o t h , t o organic 
m a t t e r ; a n d E . D i t t l e r , t o col loidal m o l y b d i c ox ide . M. B a m b e r g e r a n d R. Grengg 
sa id t h a t t h e co lour of t h e n a t u r a l c r y s t a l s is -white a t —190° . E . D i t t l e r obse rved 
n o c h a n g e in co lour occurs w h e n r e d wul fen i te is h e a t e d t o 700° in a c u r r e n t of a i r ; 
a n d if t h e finest p o w d e r of b rowni sh -ye l low wul fen i te is h e a t e d t o 80° , i t b ecomes 
lemon-yel low. A. Color iano c o n v e r t e d t h e a m o r p h o u s 
p o w d e r i n t o c r y s t a l s b y a p r o l o n g e d d iges t ion w i t h 
w a t e r ; a n d A. Cossa sa id t h a t t h e fused s a l t furn ishes 
microscopic , doub ly - r e f r ac t i ng p y r a m i d s . W u l f e n i t e 
m a y occur in fine o r coarse g r a n u l a r masses , i n c o m ­
p a c t masses , a n d in s q u a r e p l a t e s s o m e t i m e s e x t r e m e l y 
t h i n w i t h a v ic ina l p y r a m i d r ep l ac ing t h e b a s a l p l a n e . 
T h e c rys t a l s a r e less f r e q u e n t l y o c t a h e d r a l or p r i s m a t i c . 
T h e p r i s m a t i c faces ShO1W t h e c h a r a c t e r i s t i c h e m i -
h e d r i s m . H . D a u b e r sa id t h a t t h e c rys t a l s of wul fen i te 
a re t e t r a g o n a l p y r a m i d s w i t h t h e ax i a l r a t i o s a : c 
= 1 : 1-577 ; T . H . H i o r t d a h l g a v e 1 : 1-5771 ; L . B a c h , 
1 : 1-5774 ; E . F l i n t , 1 : 1-5746; a n d V. v o n Z e p h a r o -
v ich g a v e 1 : 1-5744 for a ca l ca reous v a r i e t y . T h e ( H l ) -
c leavage is i n c o m p l e t e ; a n d t h e (001)- a n d (113)-
c leavages a r e i nd i s t i nc t . T h e c r y s t a l s we re e x a m i n e d 
b y A. D a m our a n d A. des Cloizeaux, V. v o n Z e p h a r o -
vich , E . H u n e k , F . N . Gui ld a n d F . S. W a r t m a n n , 
L . J . Spencer , P . G r o t h , S. K o c h , E . F l i n t , P . Comucci , A. Maier , J . Couya t , 
N . v o n Kokscha ro f i , E . Ar t i n i , Li. F l e t c h e r , A. Pe l loux , A. Lac ro ix , E . R e -
possi , A . D r a i n , O. G. P a d u r o v a , a n d A. S i g m u n d . T h e percuss ion figures 
were e x a m i n e d b y M. K u h a r a ; a n d t h e corros ion figures, b y A. P . H o n e s s ; 
R . G. D i c k i n s o n in fe r red f rom t h e X - r a d i o g r a m s t h a t t h e space- la t t i ce is face-
c e n t r e d w i t h t h e a t o m s so l o c a t e d as t o fo rm a d i a m o n d a r r a n g e m e n t , F ig . 2 3 — t h e 
s p . g r . is 6-82, a n d t h e edgte of u n i t c u b e w i t h 8 mols . is a = 2 2 - 8 A. F . Z a m b o n i n i 
a n d R . G. L e v i f o u n d for t h e d imens ions of t h e e l e m e n t a r y cell, a = 3 - 8 0 A., a n d 
c = 6 - 0 0 A. , a n d t h e y s t u d i e d t h e i s o m o r p h i s m of t h e m o l y b d a t e s of l ead a n d t h e 
a lka l ine e a r t h m e t a l s . F . M. J a g e r a n d H . H a g a a t t r i b u t e d t h e h igh s y m m e t r y 
s h o w n b y t h e X - r a d i o g r a m s of wulfeni te t o t w i n n i n g . L . V e g a r d a n d A. Kef s u m 
g a v e a 0 =^7-656 A. , c o = 12-079 A. , a n d a : c==l : 1-578 ; t h e r a d i u s of t h e oxygen 
a t o m is 1-18 A. , of t h e l ead a t o m , 1-03 A. , a n d of t h e pos i t ive ion, 1 1 7 A. 
M. L . H u g g i n s d i scussed t h e s t r u c t u r e of t h e c rys t a l s . D . Vor lander a n d 
H . H e m p e l o b s e r v e d n o t r a n s f o r m a t i o n i n t o a n i so t rop ic form w i t h rise of t e rnp . 
T h e sp . gr . of wul fen i te r a n g e s from 6-03 t o 7-01. C. L . Allen g a v e 6-7 a t 17-5° ; 
a n d J . L . S m i t h , 6-95 ; A . Cossa gave for t h e art if icial c rys t a l s 6-62 ; F . Z a m ­
bon in i a n d R . G. Lev i , 6-95 ; V. G. A r a n d a , 6-6933 ; a n d N . S. Manross , 6 -811 . 

FiO. 23. Arrangement of 
A t o m s in Lead Molybdate : 
^ represents lead a t o m , 

a n d O a m o l y b d e n u m 
a t o m . 
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J . J . S a s l a w s k y found t h a t t h e s p . g r . of wul fen i te co r r e sponds w i t h a c o n t r a c t i o n 
of O 6 0 t o 0*68 d u r i n g i t s f o r m a t i o n f rom i t s e l e m e n t s . T h e h a r d n e s s of wul fen i te 
is 2-75 t o 3-0. E . J a n n e t a z f o u n d t h e r a t i o of t h e h e a t c o n d u c t i v i t i e s of t h e 
c rys t a l s , a/y, t o be u n i t y . H . K o p p g a v e for t h e mol . s p . h t . of wul fen i te f rom 
Ble iberg , O0287 b e t w e e n 19° a n d 50° . E . D i t t l e r obse rved t h a t t h e m . p . in a n 
a t m . of c a r b o n d iox ide is 1070° a n d t h e op t i ca l p rope r t i e s of t h e cold m a s s a r e 
t h e s a m e as before fusion. E . M. J a g e r a n d H . C. G e r m s sa id t h a t wul fen i t e f rom 
Ar i zona m e l t s a t 1064°, f rom L a Cruces , Mexico, a t 1060° ; a n d art if icial l e ad 
m o l y b d a t e a t 1065°. E . Z a m b o n i n i g a v e 1065° for m . p . ; t h e l a t e n t h e a t is s a id 
t o b e smal l , a n d t h e u n d e r c o o l i n g n o t m o r e t h a n 2° . E . C a n e g a v e 0 0 9 8 for t h e 
s p . h t . G. T a m m a n n g a v e 33-1 CaIs. for t h e h e a t of f o r m a t i o n of P b M o O 4 . 
L . J . S p e n c e r g a v e for t h e ind ices of ref rac t ion , co—2-41, a n d e = 2 - 3 2 for ye l low 
l i gh t . W . Schne ide r o b s e r v e d n o piezoelect r ic effect. T . W . Case o b s e r v e d n o 
e lec t r i ca l c o n d u c t i v i t y w i t h wul fen i te in l i gh t or in d a r k n e s s . E . E . F a i r b a n k s 
g a v e 11-7 for t h e d ie lec t r ic c o n s t a n t (wa te r 81) . T h e y f o u n d t h a t t h e t h e r m a l 
d i a g r a m of t h e s y s t e m : P b O - P b M o O 4 , E ig . 24, shows on ly t w o c o m p o u n d s , t h e 
n o r m a l m o l y b d a t e m e l t i n g a t 1065° ; a n d t h e bas ic s a l t o r l ead o x y m o l y b d a t e , 

P&r cent. PbMoQ, Per cent. Pi? SO^ Per cent. Pi? CrQ, 

F i a . 24 . Freez ing-po int F i a . 25. Freez ing-point F i a . 26. Freez ing-po int 
Curve in S y s t e m : Curve in S y s t e m : Curve in S y s t e m : 
P b M o O 4 - P b O . P b M o O 4 - P b S O 4 . P b M o O 4 - P b C r O 4 . 

P b 2 O ( M o O 4 ) , m e l t i n g a t 951° . T h e r e a r e t w o eu t ec t i c s : one a t 762° c o r r e s p o n d i n g 
w i t h 87-5 m o l a r p e r c e n t . P b O , a n d t h e o t h e r a t 933° c o r r e s p o n d i n g w i t h 40 m o l a r 
p e r cen t . P b O . I n t h e s y s t e m : P b S O 4 - P b M o O 4 , F i g . 2 5 , sol id soln . a r e f o r m e d 
c o n t a i n i n g u p t o 6 m o l a r p e r c e n t , of s u l p h a t e or 2 m o l a r p e r c e n t , of m o l y b d a t e . 
T h e r e is a e u t e c t i c a t 962° a n d 57 m o l a r p e r c e n t . P b O ; a n d a t r a n s i t i o n p o i n t in 
t h e sol id so ln . a t 879° . T h e t h e r m a l d i a g r a m of t h e s y s t e m : P b C r O 4 - P b M o O 4 , 
F i g . 26, is l a rge ly h y p o t h e t i c a l . T h e c o m p o s i t i o n of t h e l imi t i ng solid soln . on t h e 
m o l y b d a t e s ide is 48 m o l a r p e r c e n t . P b C r O 4 a t 830° , t h e e u t e c t i c t e m p . ; a n d 
t r a n s i t i o n s occur a t 799° for t h e y - t o )8 - ch roma te , a n d a t 697° for t h e y3 t o a - c h r o m a t e 
sol id soln . H . S c h u l t z e a lso o b t a i n e d t e t r a g o n a l i s o m o r p h o u s m i x t u r e s w i t h u p 
t o 34 p e r cen t , of l e a d c h r o m a t e , a n d monoc l in i c m i x e d c r y s t a l s w i t h u p t o 16 p e r 
c e n t . T h e m i n e r a l achrematite, o r lead oxymolybdatochlor oar senate, 3 (3Pb 8 (AsO 4 J 2 -
P b C l 2 ) . 4 P b 2 M o O 5 , w a s d i scussed i n c o n n e c t i o n w i t h t h e a r s e n a t e s . 

P . I t e s g a v e for t h e e x t i n c t i o n coeff. of wu l fen i t e for t h e C-, JD-, a n d 2£-rays, 
r e spec t i ve ly , O0486 , 0*0625, a n d 0-455 ; a n d t h e indices of r e f rac t ion c«j==2-4053, 
a n d €=2-283. Acco rd ing t o A . des Clo izeaux, t h e op t i ca l c h a r a c t e r of wu l fen i t e 
is n e g a t i v e ; a n d t h e ind ices of re f rac t ion a r e a>=2-402 , a n d € = 2 - 3 0 4 for r e d l igh t . 

583 
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H. C. Sorby found the m e a n refractive index to be 2-370, and the refractory power 
0-682. A. Pochet t ino s tudied the cathodic luminescence ; E . Ditt ler found t h a t 
ultra-violet l ight makes the colour of chromiferous wulfenite darker ; and C. Doelter 
observed t h a t no change in colour occurs wi th radium rays. L. Francesconi and 
co-workers found t h a t wulfenite from Sardinia is radioactive. H. Pohl found t h a t 
w h e n exposed to l ight, wulfenite becomes electrically conducting. 

E . Dit t ler found t h a t water a t 100° very s lowly dissolves colloidal molybdic 
acid from wulfeni te—in 120 hrs. in an extract ion apparatus about 5 per cent, was 
dissolved-=—no lead passed in to soln. J . J . Berzelius said t h a t alkali-lye dissolves 
wulfenite, b u t E . Di t t ler added t h a t Ol-ZV-KOH has no action, but wi th a cone, 
soln. of the alkali, hexagonal crystals of potassium lead molybdate are formed. 
C. Barwald obtained a complex 14TISrII3-ISMoO3-SII2O2-ISII2O, b y the action of 
ammonia and hydrogen dioxide on lead molybdate . As indicated above, calcium 
lead molybdate is represented b y the i somorphous mixtures in some specimens of 
wulfenite . J . J . Berzelius observed t h a t cone, hydrochloric acid dissolves wul­
fenite, forming a soln. of lead chloride. E . Ditt ler , and W . MeyerhofEer said tha t an 
excess of fused sod ium chloride does n o t convert wulfenite into sodium molybdate 
a n d lead chloride ; and E . Di t t ler observed no act ion b y a soln. of sodium chloride 
at 100°. The solubil i ty of l ead molybdate , S grms. per 100 c . c , in perchloric acid 
a t 25°, was found b y H. H . Willard and J . JJ. Kassner t o be : 

H C l O 4 . . . . 0131- O 5OM- 1-OM- 20JkT- 3 0M-
S . . . . . 0-0016 0 0 1 3 6 0-0373 O l 176 0-2436 

The effect of the presence of sodium or lead perchlorate is t o depress the solubility. 
E . Dit t ler found tha t hydrogen sulphide colours wulfenite brown in a few 
minutes ; and in about 12 hrs. t h e powdered mineral suspended in water is com­
plete ly converted b y hydrogen sulphide into m o l y b d e n u m and lead sulphides ; 
A . Terreil found t h a t a boiling 10 per cent . aq. soln. of sodium sulphide decomposes 
wulfenite forming a l iquid containing thiosulphate and molybdenum. E . F . Smith 
no ted t h a t heated sulphur monochloride dissolves wulfenite. J . J . Berzelius said 
t h a t wulfenite is decomposed b y sulphuric acid ; and t h a t t reatment with warm 
nitric acid results in the separation of yel lowish-white m o l y b d e n u m trioxide. 
H . B . Weiser found t h a t a h o t aq. soln. of a m m o n i u m ni trate has no solvent action. 
H . H . Willard and J. L. Kassner found t h a t the solubil i ty of lead molybdate in 
010Af- , 0-50M-, and 1-OiIf-HNO3 a t 25° is 0-0020, 0-0244, and 0-1086 grm. per 
100 c.c. respect ively ; the effect of lead or sodium nitrate is to depress the solubility. 
According t o E . Dit t ler , water containing carbon dioxide has very l itt le action in 
the cold, b u t a t 100°, t h e mineral i s decomposed and 3-66 per cent, passes into soln. 
A soln. of sod ium carbonate , heated for 6 days on a water-bath, decomposes wul­
fenite, forming Pb 3 (OH) 2 (CO s ) 2 , and some lead and molybdenum pass into soln. 
H . B . Weiser said t h a t acetic acid does no t dissolve freshly-precipitated lead 
molybdate , b u t soln. of a m m o n i u m or sodium acetate dissolve a l ittle. H . C. Bol ton 
observed t h a t a boil ing cone. soln. of citric lacid decomposes wulfenite. L . Kahlen-
berg a n d W . J . Trautmann observed no reaction occurs when a mixture of silicon 
a n d lead molybdate is heated b y a bunsen burner, but a sl ight reaction occurs in 
t h e electric arc. E . Zambonini prepared isomorphous mixtures of lead and cerous 
molybdates . The thermal analysis shows the following f.p. : 

C e 2 ( M o O 4 ) . 0 2O 3O 5 0 7O 9O 9 5 1OO p e r c e n t . 
B e g i n n i n g 1 0 6 5 ° 1 0 7 4 ° 1 0 6 4 ° 1 0 5 0 ° 1 0 2 4 ° 9 7 5 ° 9 3 8 ° 9 7 3 ° 
E n d . — — — 1 0 2 5 ° 1 0 0 0 ° — — — 

The eutect ic t emp, is 938° w i t h 95 per cent, of cerous salt. Some optical observa­
t ions were made on the products . For isomorphous mixtures of lead molybdate 
wi th molybdates of lanthanum, neodymium, praseodymium, didymium, and 
y t tr ium, F . Zambonini found : 
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The arsenic molybdates were discussed in connection with arsenic—9. 51, 22 ; 
and the antimony molybdates, in connection with antimony—9. 52, 14. Accord­
ing to J. B. Richter,18 when a soln. of bismuth nitrate is treated with potassium 
molybdate, a lemon-yellow precipitate of bismuth molybdate, presumably 
Bi2(Mo04)8, is formed which is easily soluble in the strong acids ; whilst 100 parts 
of water dissolve 0-2 part of the precipitate. By fusing an intimate mixture of 
bismuth and molybdenum trioxides, F. Zambonini obtained the salt in tetragonal 
crystals with the axial ratio a : c = l : 1-5636, and sp. gr. 6-07 at 150/15°- The 
mol. vol. is close to those of the molybdates of lead and the cerium metals. The 
HI-p. is 643°. W. T. Schaller obtained greenish rectangular crystals of a mineral 

from Schneeberg, Saxony ; he called it koechlinite 
—after R. Koechlin—and found the analysis corre­
sponds with bismuth dioxymolybdate, Bi2O3-MoO3, 
or bismuthyl molybdate, (BiO)2MoO4. The habit 
of the crystals is tabular, but the thin tablets vary 
in shape from square to elongated rectangles with 
diagonal striations. The axial ratios of the rhombic 
crystals are a : b : c=0-9774 : 1 : 1-0026. The (100)-
cleavage is perfect. Both contact and penetration 
twinning occurs. The corrosion figures with cold dil. 
hydrochloric acid (1:5) suggested a deviation from 
holohedral symmetry. The crystals break readily 
under a slight press. The index of refraction is 

Fia. 27.—Freezing-point Curve )8=2-55 with Li-light. The crystals are slightly 
•o>.Sj ^ e ^8JItIF1A pleochroic when thick. E. F. Smith and R. H. Brad-
1 bMo04-Bl2(Mo04)3. b u r y g a i d t h a t t h e b i s m u t h s a l t i s insoluble in water. 

Bismuth can be quantitatively precipitated as ammonium bismuth molybdate, 
Bi(NH4)(Mo04)2, from a soln. of bismuth nitrate, feebly acid with nitric acid, by 
means of ammonium molybdate. Thus, B. H. Miller and F. van Dyke Cruser said 
that the nitric acid soln. of the bismuth is mixed with a large excess of the ordinary 
ammonium molybdate reagent and the liquid is neutralized with dil. aq. ammonia, 
using congo-red as indicator ; a drop or two of dil. nitric acid is then added until 
the colour is lilac. The whole is diluted to about 200 c.c. and slowly heated to 
50°—60°. The precipitated bismuth ammonium molybdate is washed with a 3 per 
cent. soln. of ammonium nitrate, and dried in an air-bath at 160°. When ignited, 
there remains a pale yellow mass of Bi20.4MoO3. The reaction was studied by 
E. H. Miller and H. Frank, and H. S. Riederer. F. Zambonini studied the thermal 
diagram, Fig. 27, of the system Bi2(MoO4)S-PbMoO4. The curve descends rapidly 
from the m.p., 1065°, of lead molybdate to a eutectic at 615° corresponding with 
about 71-5 mol. per cent, of the bismuth salt. I t then rises rapidly to 643°, the 
m.p. of bismuth molybdate. No solid soln. are formed, or else the mutual solubility 
in the solid state is very small. 

The vanadium molybdates have been discussed in connection with vanadium— 
9. 54, 14; columbium molybdate, and tantalum molybdate have not been prepared ; 
nor has the normal chromium molybdate been described, although A. Moberg,*» 
and J. J. Berzelius, said that an apple-green precipitate is formed when ammonium 
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m o l y b d a t e is a d d e d t o a soln. of ch romic sa l t . H . Schu l t ze could n o t p r e p a r e 
c h r o m i c m o l y b d a t e s b y m e l t i n g a m i x t u r e of ch romic ch lor ide a n d s o d i u m m o l y b ­
d a t e . S. P r a k a s h a n d N . R . D h a r o b t a i n e d t h e h y d r o g e l of c h r o m i c m o l y b d a t e . 
T h e c h r o m a t o m o l y b d a t e s a r e d i scussed in connec t ion w i t h c h r o m i u m ; a n d some 
c o m p l e x c h r o m i c d i m o l y b d a t e s a r e i n d i c a t e d be low. T h e i n t e r m e d i a t e m o l y b d e n u m 
oxides p r ev ious ly desc r ibed c a n b e r e g a r d e d a s m o l y b d e n u m m o l y b d a t e s — e . g . 
M o 5 ^ i 4 c a n D e r e p r e s e n t e d a s m o l y b d e n y l m o l y b d a t e ; (MoO)2(MoO4)S ; M o 1 1 O 3 2 
as m o l y b d e n u m tr imolybdate , (MoO)2(Mo3O1O)3 ; M o 9 O 2 6 as m o l y b d e n y l para ­
m o l y b d a t e , (MoO) 2 (Mo 7 O 2 4 ) ; M o 7 O 2 0 a s m o l y b d e n u m m o l y b d a t e , Mo 2 (MoO 4 J 5 ; 
M o 1 7 O 6 0 as m o l y b d e n u m tr imolybdate , Mo2(Mo3O1O)5 ; a i l<l M o 3 7 O 1 2 0 a s m o l y b ­
d e n u m h e p t a m o l y b d a t e , Mo 2 (Mo 7 O 2 4 J 5 . F o r t h e tungsten molybdates, see t h e 
m o l y b d e n u m t u n g s t a t e s . A . L a n c i e n 2 ° p r e p a r e d u r a n i u x n m o l y b d a t e , U(MoO 4 ) 2 , 
b y r e d u c i n g t h e p a r a m o l y b d a t e w i t h m e t h y l , e t h y l , or h igher alcohols ; a n d 
C. !F. R a m m e l s b e r g o b t a i n e d t h e trihydrate, a s a greenish-b lack p rec ip i t a t e , b y 
a d d i n g a m m o n i u m m o l y b d a t e t o a n excess of u r a n i u m t e t r a c h l o r i d e , a n d w a s h i n g 
t h e p r e c i p i t a t e w i t h h o t w a t e r . I t loses 9*07 p e r cen t , of w a t e r w h e n calc ined ; 
a n d w h e n m e l t e d , some m o l y b d e n u m t r i o x i d e sub l imes . Boi l ing a lkal i - lye e x t r a c t s 
t h e m o l y b d i c ac id ; hyd roch lo r i c ac id fo rms a g reen soln. wh ich w h e n d i lu t ed 
becomes yel low. A . Liancien p r e p a r e d u r a n y l m o l y b d a t e , (UO 2 )MoO 4 , a s a p r e ­
c ip i t a t e b y t h e a d d i t i o n of a soln. of a m m o n i u m m o l y b d a t e t o u r a n y l n i t r a t e 
soln. W h e n p r e p a r e d in t h e d a r k , t h i s c o m p o u n d fo rms a w h i t e , a m o r p h o u s 
p o w d e r , which is r e d u c e d b y e t h y l a n d m e t h y l a lcohols or ace t i c ac id t o t h e green 
u r a n o u s mo lybdate , U ( M o O 4 ) 2 , t h i s is t h e n c h a n g e d t o a b r i ck - red a n d t h e n con­
v e r t e d i n to t h e g reen ox ide b y p r o l o n g e d boi l ing w i t h a lkal i - lye a n d is r ap id ly 
d isso lved w i t h a ye l lowish-green fluorescence b y hyd roch lo r i c , su lphur i c , a n d n i t r i c 
ac ids . W h e n exposed t o sun l i gh t for t h i r t y h o u r s , u r a n y l m o l y b d a t e becomes 
golden-ye l low in colour , inso luble in n i t r i c ac id , wh ich m e r e l y w h i t e n s i t , a n d is 
n o longer r e d u c e d b y a lcohol . U r a n y l m o l y b d a t e is r a d i o a c t i v e , h a v i n g a n a c t i v i t y 
g r e a t e r t h a n t h a t of t h e n i t r a t e a n d e q u a l t o t h a t of r a d i u m b r o m i d e of a c t i v i t y 4O. 
B . Szi lard p r e p a r e d u r a n y l m o l y b d a t e u s ing a n excess of u r a n y l n i t r a t e , in one case , 
a n d , in t h e o t h e r case, a n excess of a m m o n i u m m o l y b d a t e , a n d found t h e r ad io ­
a c t i v i t y of b o t h t o b e t h e s a m e , a n d t o b e q u i t e n o r m a l . T h e u r a n i u m m o l y b d a t e 
o b t a i n e d b y P . P . P i l i penko f rom B i v o n g i w a s s h o w n b y G. Ca robb i t o b e ferri-
m o l y b d a t e — v i d e infra. 

J . B . H i c h t e r 2 1 t r e a t e d a soln . of m a n g a n o u s ch lor ide w i t h p o t a s s i u m m o l y b d a t e 
a n d o b t a i n e d a b r o w n i s h - w h i t e p r e c i p i t a t e w h i c h d i sso lved in fo r ty t o fifty t i m e s 
i t s we igh t of w a t e r . H . Schu l t ze p r e p a r e d m a n g a n o u s m o l y b d a t e , MnMoO 4 , b y 
m e l t i n g t o g e t h e r a m i x t u r e of s o d i u m m o l y b d a t e , s o d i u m chlor ide , a n d m a n g a n o u s 
ch lor ide ( 1 : 2 : 3 ) , a n d w a s h i n g t h e cold m a s s w i t h w a t e r . Yel low, fusible m o n o -
clinic p l a t e s r e m a i n . T h e cold m a s s w h i c h h a s been fused con ta in s r edd i sh -b rown 
p l a t e s a n d needles , a n d ye l low c rys t a l s . T h e yel low c rys ta l s a re soluble in cold, 
di l . h y d r o c h l o r i c ac id , wh i l s t t h e b r o w n ones a re n o t a t t a c k e d . W . J a n d e r discussed 
t h e l a t t i c e - s t r u c t u r e , a n d t h e diffusion of t h e m o l y b d a t e a n d t u n g s t a t e , a s well 
a s t h e r e a c t i o n M g O + M n M o O 4 = M n O + M g M o O4 . H . S t r u v e p r e p a r e d t h e 
hydrate, M n M o O 4 - H 2 O , b y t r e a t i n g m a n g a n o u s c a r b o n a t e w i t h p o t a s s i u m or 
s o d i u m t r i m o l y b d a t e ; a n d A . Color iano, b y t r e a t i n g m a n g a n o u s n i t r a t e w i t h 
a m m o n i u m p a r a m o l y b d a t e , a n d boil ing t h e a m o r p h o u s p o w d e r in t h e m o t h e r -
l iquor so t h a t i t m a y crys ta l l ize . T h e w h i t e p o w d e r cons is ts of microscopic pr is­
m a t i c p l a t e s ; i t loses n o w a t e r a t 100° ; b u t a t a h igher t e m p . , i t loses w a t e r a n d 
b e c o m e s b r o w n . I t is s p a r i n g l y soluble in boi l ing w a t e r . E . Marckwa ld ob ta ined 
t a b u l a r c rys t a l s of t h e tritapentahydrate b y a l lowing t h e d e c a h y d r a t e t o s t a n d 
e x p o s e d t o a i r for s o m e t i m e ; a n d t h e decahydrate a s a w h i t e , a m o r p h o u s p rec ip i t a t e 
b y a d d i n g a n eq . a m o u n t of s o d i u m m o l y b d a t e t o a soln. of m a n g a n o u s s u l p h a t e . 

E . M a r c k w a l d r e p o r t e d a n u m b e r of c o m p l e x sa l t s . Orange-yel low crys ta l s 
of a m m n n i n m m a n g a n o u s molybdate , ( N H 4 ) 2 0 . M n O . 3 M o O 3 . 2 J H 2 O , was ob t a ined 
f rom a cold, d i l . so ln . of m a n g a n e s e s u l p h a t e (15 grrns.) a n d t h e eq . p r o p o r t i o n of 
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a m m o n i u m p a r a m o l y b d a t e in 100 c.c. of w a t e r ; ( N H ^ 2 O - S M n O - S M n O 3 - I G H 2 O , in 
ye l lowish-whi te , p r i s m a t i c c rys ta l s , f rom a soln. of m a n g a n e s e s u l p h a t e a n d a m m o ­
n i u m p a r a m o l y b d a t e in a sea led t u b e a t 150° for 5 h r s . ; ( N H 4 ) 2 0 . 2 M n 0 . 6 M o 0 3 . 
1 6 H 2 O , in b rowni sh - r ed needles , f rom cold soln. of 25 gr ins , of m a n g a n e s e s u l p h a t e 
a n d a n eq. a m o u n t of a m m o n i u m p a r a m o l y b d a t e in 50 c.c. of w a t e r ; ( N H 4 ) 2 0 . 2 M n O . 
12MoO 3 . 22H 2 O, in h e x a g o n a l , ye l low p l a t e s , f rom t h e m o t h e r - l i q u o r of t h e p r eced ing 
sa l t ; a n d sodium, m a n g a n o u s m o l y b d a t e , 2 N a 2 O - M n O . 6 M o O 3 . 1 9 H 2 O , i n yel lowish-
w h i t e needles b y t h e ac t ion of cold soln. of s o d i u m d i m o l y b d a t e a n d m a n g a n e s e 
s u l p h a t e . O u r knowledge of t h e c o m p l e x m a n g a n o u s m o l y b d a t e s is t h u s in a n 
u n s a t i s f a c t o r y s t a t e . 

B y boi l ing a m m o n i u m m a n g a n i c m o l y b d a t e w i t h m a n g a n i c h y d r o x i d e , t r e a t i n g 
t h e p r o d u c t w i t h w a t e r , a n d e v a p o r a t i n g t h e b r o w n soln. , H . S t r u v e o b t a i n e d 
b r o w n , a m o r p h o u s , m a n g a n i c molybdate , 2 M n 2 O 3 .MoO 3 . 4H 2 O. H . S t r u v e 
a t t e m p t e d t o p r e p a r e molybdic alums, of t h e genera l fo rmula 2 R 2 ' O . R 2 ' " O 3 . 1 2 M o O 3 . 
w H 2 0 , w h e r e R ' r e p r e s e n t s K or N H 4 , a n d R " ' , F e , Al , or Cr. H e o b t a i n e d instead1, 
c o m p o u n d s of t h e genera l t y p e 5 R ' 2 0 . M n 2 O 3 - 1 6 M o O 3 . 1 2 H 2 O . T h u s , b y boi l ing a 
soln. of a m m o n i u m m o l y b d a t e w i th m a n g a n i c h y d r o x i d e , h e o b t a i n e d a m m o n i u m 
m a n g a n i c molybdate , 5 ( N H 4 ) 2 O . M n 2 0 3 . 1 6 M o 0 3 . 1 2 H 2 0 ; a n d E . P e c h a r d t r e a t e d 
a h o t soln. of a m m o n i u m m o l y b d a t e a n d a m a n g a n o u s sa l t -with a di l . soln. of 
p o t a s s i u m p e r m a n g a n a t e , a n d o b t a i n e d r e d c rys t a l s of t h e sa l t 3(ISTH4)2O.MnO2. 
1 2 M o O 2 . 5 H 2 O . C. F r i e d h e i m a n d M. Same l son d id n o t ag ree w i t h t h e ana lyse s of 
e i the r E . P e c h a r d , o r of H . S t r u v e , a n d A. R o s e n h e i m a n d H . I t z i g r e p r e s e n t e d 
E . P 6 c h a r d ' s c o m p o u n d b y t h e fo rmu la 2 ( N H 4 ) 2 0 . K 2 O . M n 2 O 3 . 1 0 M o O 3 . 5 H 2 O , a n d 
b y t h e ac t ion of p o t a s s i u m chlor ide t h i s w a s c o n v e r t e d i n t o 3 K 2 O . M n 0 2 . 8 M o 0 3 . 
5 H 2 O . A. R o s e n h e i m a d d e d 2 mols of a soln. of m a n g a n o u s ch lor ide t o 
a cold, s a t . soln . of a m m o n i u m p a r a m o l y b d a t e , a n d o b t a i n e d t h e c o m p l e x sa l t 
( N H 3 ) 3 H 7 [ M n , r ( M o 0 4 ) 6 ] . 3 H 2 0 , w h i c h los t 3 mols . of w a t e r w h e n k e p t for 3 d a y s a t 
60° . T h e c o m p o u n d 4 ( N H 4 ) 2 O . M n 2 0 3 . 1 3 M o 0 3 . 9 H 2 0 w a s p r e p a r e d b y F . Z a m b o n i n i 
a n d V. Cagl io t t i . I t is sa id t o b e t h e c o m p o u n d p r e p a r e d b y H . S t r u v e , C. F r i e d h e i m 
a n d M. Samel son , a n d C. F r i e d h e i m a n d O. A l l e m a n n . T h e m a n g a n e s e is sa id 
t o b e rea l ly p r e s e n t in t h e b i - a n d q u a d r i v a l e n t s t a t e s so t h a t , i n h a r m o n y w i t h 
H . S t r u v e ' s op in ion , t h e M n 2 O 3 i n t h e fo rmu la r e p r e s e n t s M n O a n d M n O 2 . T h e 
fo rmula c a n there fore b e w r i t t e n ( N H 4 ) 8 [ M n " " (Mo 2 O 7 J 6 ] . M n ^ M o O 4 . 9 H 2 O , in 
h a r m o n y w i t h E . P e c h a r d ' s sugges t ion t h a t t h e r a t i o M n O 2 : M o O 3 is 1 : 12 a n d 
t h a t t h e c o m p o u n d is a n a l o g o u s t o t h e s i l i comolybda tes . H . S t r u v e also o b t a i n e d 
red crystals of potassium manganic molybdate, 2K 2 O.MnO.Mn0 2 .9Mo0 3 .8H 2 0, 
b y boi l ing a soln . of p o t a s s i u m t r i m o l y b d a t e w i t h m a n g a n i c h y d r o x i d e , or b y t h e 
ac t i on of ch lor ine o n a soln . of p o t a s s i u m t r i m o l y b d a t e a n d m a n g a n o u s s u l p h a t e . 
C. F r i e d h e i m a n d M. Same l son r e p r e s e n t e d t h e c o m p o s i t i o n of t h i s sa l t b y t h e 
fo rmula 2 K 2 O . M n 2 0 3 . 1 6 M o 0 3 . 1 2 H 2 0 . 

E . P e c h a r d r e p o r t e d p e r m a n g a n o u s molybdate , M n O 2 . 1 2 M o 0 3 . 1 0 H 2 O , t o b e 
fo rmed b y t r e a t i n g t h e b a r i u m sa l t , s u s p e n d e d in w a t e r , w i t h t h e t heo re t i c a l q u a n t i t y 
of su lphu r i c acid , a n d e v a p o r a t i n g t h e c lear l iquor in v a c u o . A . R o s e n h e i m a n d 
H . I t z i g den ied t h e ex i s t ence of t h i s c o m p o u n d . C. F r i e d h e i m a n d M. Samel son , 
a n d C. F r i e d h e i m a n d O. A l l e m a n n p r e p a r e d w h a t t h e y r e g a r d e d a s p e r m a n g a n i t o -
m o l y b d a t e s ; t he se a r e i n d i c a t e d be low. As e m p h a s i z e d b y A . R o s e n h e i m , t h e 
t e s t e m p l o y e d t o d e t e r m i n e t h e a c t i v e o x y g e n of t h e m a n g a n e s e d iox ide—dis t i l l a ­
t i o n w i t h p o t a s s i u m b r o m i d e a n d hyd roch lo r i c ac id—is b y n o m e a n s sa t i s f ac to ry ; 
a n d t h e q u e s t i o n w h e t h e r t h e s e c o m p o u n d s c o n t a i n q u a d r i v a l e n t o r t e r v a l e n t 
m a n g a n e s e h a s n o t b e e n sa t i s fac tor i ly a n s w e r e d . A . R o s e n h e i m t h i n k s t h a t t h e s e 
sa l t s m a y b e m o r e or less i m p u r e fo rms of R n H 1 0 _ n [ M n / / ' ( M o O 4 ) 0 ] ; a l t h o u g h 
c o m p l e x e s w i t h q u a d r i v a l e n t ce r ium, t h o r i u m , a n d z i r con ium a r e k n o w n . 

A mixture of a soln. of ammonium paramolybdate and. manganous chloride 
wi tn 18-5 per cent, of hydrogen dioxide yields ammonium permanganitomolyMate, 
2(NH4)aO.MnOa.7Mo03.53ElaO ; a mixed soln. of potassium paramolybdate* manganous 
chloride and 2-5 per cent, of hydrogen dioxide yields potassium permanganttomolybdate, 
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3KaO.MnOa.8MoOa.3 or 5H8O. E. P6chard also prepared this salt ; a mixed soln. of 
ammonium permolybdate, and manganous and potassium chlorides yields potassium 
ammonium permanganitomolybdate, 3{K2,(NH4)a}O.Mn02.8Mo08.4HaO ; sodium 
manganous permanganitomolybdate and potassium chloride yield sodium potassium 
manganous permanganitomolybdate, 3(Ka,Naa,Mn)0.Mn02.8MoO8.4Ha0 ; a soln. of 
ammonium paramolybdate, manganous chloride, and 2*5 per cent, hydrogen dioxide yields 
ammonium permanganitomolybdate, 3(NH4)aO.Mn02.9Mo03.6, 7, or 8U2O ; when this 
salt or the ammonium manganous salt is treated -with potassium chloride, it forms potassium 
permanganitomolybdate, 3KaO.MnOa.9MoOs.5 or 6H2O. R. D. Hall also prepared this 
salt ; a soln. of sodium paramolybdate, manganous chloride and 3*5 per cent, hydrogen 
dioxide furnishes sodium manganous permanganitomolybdate, 3(lSTa2,Mn)O.MnOa.9Mo03. 
15H2O ; a soln. of ammonium paramolybdate, manganous chloride, and potassium per­
sulphate yields ammonium manganous permanganitomolybdate, 3((NH1)^Mn)CMnO8. 
9MoO8.6 or 7H2O ; if more potassium persulphate is used, ammonium potassium manganous 
permanganitomolybdate, 3{(NH4)2,K2,Mn}O.Mn02.9Mo03.7HaO ; and similarly, potassium 
manganous permanganitomolybdate, 3(K2,Mn)O.Mn02.9Mo08.6 or 7H2O, is formed. 
H. D. Hall also prepared this salt; and by treating it with barium chloride obtained barium 
permanganitomolybdate, 3BaO.MnOa.9MoO3.12H2O ; a soln. of ammonium manganous 
molybdate and potassium permanganate, or a soln. of ammonium paramolybdate with 
potassium permanganate and alcohol yields ammonium manganous permanganito­
molybdate, 3{(NH4)2,Mn}O.MnOa.10MoO,.8 or 10H2O ; a soln. of ammonium para­
molybdate, manganous sulphate, and potassium permanganate yields ammonium potassium 
manganous permanganitomolybdate, 3{(NH4)2,K,Mn}O.MnOa. 10Mo08.6 or 1OH2O ; a soln. 
of ammonium permolybdate, and manganous chloride yields ammonium manganous 
permanganitomolybdate, 4{(NH4)2,Mn}O.Mn02.1OMoO3.6H2O ; a boiling soln. of 
ammonium paramolybdate, potassium permanganate, and alcohol yields ammonium 
potassium permanganitomolybdate, 4{(NH4)2,K2,Mn}O.MnOa.10Mo03.5HaO ; leaving a 
soln. of ammonium paramolybdate, and molybdic acid in contact with hydrated man­
ganese dioxide for 4 months furnishes ammonium manganous permanganitomolybdate, 
4{(NH4)s,Mn}0.MnO2.HMoO3.7H2O ; by using more hydrogen dioxide than was em­
ployed in preparing the 3 : 1 : 9 : 6—salt ammonium manganous permanganitomolybdate, 
4{ (NH4) 2,Mn }0.MnO2.1 IMoO3.8H2O, is obtained ; and an analogous process yields potassium 
manganous permanganitomolybdate, 4(K2,Mn)O.Mn02.llMo03.llH20. E. Pechard's 
3K2O-MnO2.12MoO3.4H2O could not be prepared by A. Rosenheim and H. Itzig, or by 
C. !Friedheim and M. Samelson. Nor could A. Rosenheim and H. Itzig prepare E. Pechard's 
3Na2O-MnO2.12MoO8.13H2O. 

H. Struve,22 and E. Steinacker found that a soln. of a molybdate or molybdic 
acid is reduced when treated 'with a ferrous salt ; but H. Schultze obtained normal 
ferrous molybdate, !FeMoO4, by fusing a mixture of sodium chloride, ferrous chloride, 
and sodium molybdate. Gr. Tammann said that the reaction between ferrous 
oxide and molybdenum trioxide begins at about 320° ; and that the heat of forma­
tion of FeMoO4 is 13*5 CaIs. C. W. Scheele obtained a brown precipitate by treating 
a soln. of ferric chloride with potassium molybdate ; and E. Marckwald obtained 
normal ferric molybdate, Fe2(Mo04)3.42H20, in this manner by treating 3 mols of 
sodium molybdate with 2 mols of ferric chloride. G. Tammann said that no 
reaction between ferric oxide and molybdenum trioxide occurs below 600° ; and 
he added tha t the heat of formation of Fe2(MoO4)S^H2O is —29-3 CaIs. S. Prakash 
and N. R. Dhar found that a soln. of 8 c.c: of Jf-FeCl3, 4 c.c. of water, and 8 c.c. 
of a 10 per cent. soln. of potassium molybdate sets to a jelly in IO hrs. The viscosities 
at 30° were : 

Age . 0 15 32 68 128 158 188 300 min. 
Viscosity 0009966 0*01009 0*01029 O-O1094 0*01442 0-01916 0-03526 0-10620 

Some forms of molybdic ochre—vide supra* molybdenum trioxide—are mixtures 
of ferric molybdate and molybdic acid. P . P . Pihpenko obtained a mineral from 
the Alexyewsky Copper Mines of Jenissejsker, Siberia, which corresponds with 
2Fe203 .7Mo08 .19H20, and W. T, Schailer, one from Hortense, Colorado, which 
corresponded with Fe2(MoO4)S-TjH2O, and other samples from Renfrew, Ontario, 
etc., approximating Fe2(Mo04)3.n(3H20), and previously regarded as molybdic 
ochre, or molybdite (q.vJ). E. S. Simpson gave (Fe2O3.4MoOs.5H20)5H20. 
P . P . Pilipenko named these minerals ferrimolybdite. G. Carobbi obtained a 
ferrimolybdate, 4Fe2O3.13MoO3.44H2O, from Bivongi. 

F1. de Carli 2 3 observed that the reaction between cobaltous oxide and molyb-
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d e n u m t r i o x i d e beg ins a t 410° . J . J . Berze l ius o b t a i n e d coba l tous m o l y b d a t e , 
C o M o 0 4 . w H 2 0 , a s a d i r t y yel low p r e c i p i t a t e b y a d d i n g a soln . of a lka l i m o l y b d a t e 
t o o n e of a c o b a l t o u s sa l t . Tlie p r e c i p i t a t e fo rms a r ed p o w d e r w h e n d r i ed , a n d i t 
is d e c o m p o s e d b y ac ids a n d a lka l i - lye . E . F . S m i t h a n d R . H . B r a d b u r y found 
t h a t coba l t m o l y b d a t e is n o t fo rmed e i the r in cold dil . or cone . soln. B y h e a t i n g a 
cone . soln. of s o d i u m m o l y b d a t e w i t h coba l t n i t r a t e , a smal l q u a n t i t y of a b lu ish-
w h i t e p r e c i p i t a t e is fo rmed wh ich dissolves aga in on cooling. H . Schu l t ze o b t a i n e d 
c rys ta l s of t h e a n h y d r o u s sa l t b y m e l t i n g t o g e t h e r a m i x t u r e of n o r m a l s o d i u m 
m o l y b d a t e , c o b a l t o u s ch lor ide , a n d s o d i u m ch lor ide ( 1 : 2 : 2 ) . A n i m p u r e c o b a l t o u s 
m o l y b d a t e occurs a s t h e mine ra l , n a m e d b y W . H a i d i n g e r , patera i te—after 
A . P a t e r a — i n t h e E l i a s Mine , J o a c h i m s t h a l . I t w a s desc r ibed b y C. v o n H a u e r , 
a n d J . v o n J o k e l y . A n i m p u r e s a m p l e w a s a n a l y z e d b y G. C. !Laube. 

A. Color iano o b t a i n e d t h e monohydrate, CoMoO 4 -H 2 O, or H O . M o O 2 . 0 . C o . O H , 
in a n a m o r p h o u s s t a t e b y t h e a c t i o n of a m m o n i u m p a r a m o l y b d a t e o n a soln . of a 
c o b a l t o u s sa l t . W h e n d iges ted w i t h w a t e r for a long t i m e , i t becomes c rys ta l l ine . 
E . M a r c k w a l d said t h a t t h e p r o d u c t is i m p u r e , a n d h e p r e p a r e d i t b y m i x i n g a 6-5 p e r 
cen t . soln. of c o b a l t o u s chlor ide w i t h a 3-5 p e r cen t . soln . of s o d i u m m o l y b d a t e i n 
t h e cold, a n d in eq. p r o p o r t i o n s ; t h e p a l e rose-coloured l iqu id w a s e v a p o r a t e d , 
a t o r d i n a r y t e m p . , over su lphur i c acid , w h e n t h e c rys ta l l ine sa l t is fo rmed . If t h e 
m i x e d soln. be h e a t e d on a w a t e r - b a t h w i t h s t i r r ing a p r e c i p i t a t e of t h e sa l t is ob ­
t a i n e d . E . M a r c k w a l d obse rved t h a t t h e p r o p o r t i o n of w a t e r in t h e sa l t m a y v a r y 
w i t h t h e m o d e of p r e p a r a t i o n . T h e v io le t c ry s t a l s lose p a r t of t h e i r w a t e r a t 150°, 
a n d all is expel led a t 445° . T h e s a l t is a l m o s t insoluble in boi l ing w a t e r ; i t is 
decomposed b y cone , ac ids w i t h t h e s e p a r a t i o n of m o l y b d e n u m t r i o x i d e , wh ich , w i t h 
m o r e acid , m a y pas s i n t o soln. T h e sa l t is soluble in di l . ac ids . F . Li. Sonnensche in 
d iges ted f resh ly-prec ip i t a ted c o b a l t o u s h y d r o x i d e w i t h a smal l excess of a q . 
a m m o n i a , a n d o n e v a p o r a t i n g t h e l iqu id o b t a i n e d r ed , p r i s m a t i c c ry s t a l s of 
coba l tous fliamminomolybdate, C o M o 0 4 . 2 N H 3 . H 2 0 . If a l a rge excess of a q . 
a m m o n i a is e m p l o y e d a p r e c i p i t a t e is p r o d u c e d . E . M a r c k w a l d a lso sa id t h a t a q . 
a m m o n i a dissolves c o b a l t o u s m o l y b d a t e a n d t h e soln. o n s t a n d i n g for s o m e t i m e 
depos i t s t h e d i a m m i n e . S. H . C. Br iggs p r e p a r e d a m m o n i u m coba l tous d i a m m i n o -
molybdate , (NH4) 2 Co(Mo0 4 ) 2 . 2NH 3 , f rom a soln. of 2O g r m s . coba l t ous s u l p h a t e , 
5O g r m s . a m m o n i u m m o l y b d a t e , 5O c.c. cone . a q . a m m o n i a , a n d 90 c.c. of w a t e r . 
T h e l iqu id r ead i ly oxidizes , a n d i t is e v a p o r a t e d over s u l p h u r i c ac id , u n d e r r e d u c e d 
press . T h e sa l t is depos i t ed in v iole t c rys t a l s wh ich c a n b e w a s h e d w i t h di l . a q . 
a m m o n i a , a n d d r i ed w i t h a lcohol a n d e the r . 

N . S. KurnakofE p r e p a r e d cobalt ic mo lybdates , b y t h e ac t i on of b r o m i n e o n a 
soln . of p o t a s s i u m or s o d i u m m o l y b d a t e . T h e s e sa l t s differ f rom t h e c o b a l t o u s 
m o l y b d a t e s in g iv ing off ch lor ine w h e n t h e y a re boi led w i t h hyd roch lo r i c ac id . 
C. E r i e d h e i m a n d E . Kel le r found t h a t fririfrmrminn cobal t ic dodecamolybdate , 
3 ( N H 4 ) 2 O . C o 2 O 3 . 1 2 M o O 3 . 2 0 H 2 O , or ( N f l 4 ) 3 H 6 [ C o ( M o 0 4 ) 6 ] . 7 H 2 0 , is o b t a i n e d b y 
a d d i n g a 3 0 p e r cen t , of a m m o n i u m p e r s u l p h a t e t o a m i x t u r e of c o b a l t o u s a c e t a t e 
a n d a m m o n i u m p a r a m o l y b d a t e , ac idi fying wi th-d i l . ace t ic ac id , a n d t h e n s lowly h e a t ­
ing . I t m a y also b e p r e p a r e d b y t h e a c t i o n of c o b a l t o u s a c e t a t e o n t h e a m m o n i u m 
p e r m o l y b d a t e . I t fo rms g reen , r h o m b i c p l a t e s a n d dissolves in w a t e r t o g ive a 
green soln. W i t h cone , s u l p h u r i c ac id , o x y g e n is evo lved ; a m m o n i a is evo lved b y 
t h e ac t ion of p o t a s s i u m or s o d i u m h y d r o x i d e . I t is r e d u c e d b y s u l p h u r o u s ac id . 
H y d r o g e n p e r o x i d e causes t h e e v o l u t i o n of o x y g e n whi l s t p e r m o l y b d a t e s a r e fo rmed . 
B y a d d i n g p o t a s s i u m chlor ide t o a n a q . soln . of a m m o n i u m coba l t i c d e c a m o l y b d a t e , 
olive-green crystals of potassium cobaltic dodecamolybdate, 3K2O.Co203 .12Mo03 . 
1 5 H 2 O , or K 3 H 6 [ C o ( M o 0 4 ) 6 ] . 7 H 2 0 , a r e p r o d u c e d . B y m i x i n g c o b a l t o u s 
a c e t a t e , a m m o n i u m p a r a m o l y b d a t e , a n d h y d r o g e n d iox ide d a r k g reen c r y s t a l s 
of ammonium cobalt decamolybdate, 2(NH4)2O.Co2O3.10MoO3.12H2O, or 
(NH4)2H6[Co(OH(Mo04)5] .7H20, are fo rmed; and potassium cobaltic deca­
molybdate, 3K2O-Co2O3 .10MoO3 .HH2O, is obtained either from cobaltous acetate, 
p o t a s s i u m p e r s u l p h a t e , a n d p o t a s s i u m p a r a m o l y b d a t e or f rom c o b a l t o u s a c e t a t e 
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a n d a m m o n i u m p e r m o l y b d a t e a n d p o t a s s i u m chlor ide , or b y t h e a d d i t i o n of 
p o t a s s i u m chlor ide t o a cold s a t . a q . soln. of a m m o n i u m coba l t i c d o d e c a m o l y b d a t e . 
B y t r e a t i n g a n a q . so ln . of a m m o n i u m cobal t ic d e c a m o l y b d a t e w i t h b a r i u m 
ch lor ide , b r i g h t g reen b a r i u m cobal t ic enneamolybdate , 3 B a O . C o 2 O 3 . 9 M o 0 3 . 2 5 H 2 0 , 
o r B a 3 H 5 [ C o ( O H ) ( M o 0 4 ) 5 ] . 3 H 2 0 , is fo rmed ; a n d if a m m o n i u m coba l t i c dodeca­
m o l y b d a t e is s imi la r ly t r e a t e d , b r i g h t g reen a m m o n i u m bar ium cobal t ic d e c a ­
m o l y b d a t e , J ( N H 4 ) 2 0 . 1 £ B a O . C o 2 0 3 . i q M o 0 3 . 1 8 p i 2 0 , is p r o d u c e d . 

P . R . I i a y a n d S. N . M a u l i k t r e a t e d a m i x t u r e of a coba l t sa l t a n d n o r m a l s o d i u m 
m o l y b d a t e or m o l y b d i c ac id in t h e p re sence of t h e ca lcu la t ed q u a n t i t y of a m m o n i u m 
sa l t a n d a m m o n i a , w i t h a v igo rous c u r r e n t of a i r , a n d crys ta l l ized t h e p r o d u c t f rom 
a n a m m o n i a c a l soln. T h e y t h u s o b t a i n e d cobal t i c c h l o r o p e n t a m m i n o m o l y b d a t e , 
[CoCl(NHa)5]MoO4 ; cobaltic hydroxypentamminomolybdate, [Go(OH)(NHg)5]-
MoO4-H2O (or 2-5H2O) ; cobaltic aquopentamminomolybdate, [Co(H20)(NH3)5]2-
(MoO4J3; cobaltic thiocyanatopentamminomolybdate, [Co(SCy)(NH3)5]Mo04; 
and cobaltic nitratopentamminomolybdate, [Co(N03)(NH3)5]Mo04 ; also cobaltic 
molybdatopentamminomolybdate, [Co(Mo04)(NH3)5]2Mo04 ; cobaltic aquonitri-
totetramminomolybdate, [Co(H2O)(NO2)(NHa)4]MoO4 ; and cobaltic molybdato-
nitritotetramminomolybdate, [Co(MoO4)(NO2)(NH3)J. 

B . K. Paul and P . V. Sarkar prepared cobaltic dimolybdatotetramminotrimolyb-
date, [Co(NH3)4(Mo2O7)]Mo3O10.6H2O ; cobaltic molybdatotetramminomolyb-
date, [Co(NH3)4(Mo04)]Mo04 .3H20 ; cobaltic molybdatotetramrninotrimolybdate, 
[Co(NH4J4(MoO4)J2MOgO10^H2O ; and cobaltic nitratotetranmiinoinolybdate, 

[ C o ( N H g ) 4 ( N O 3 ) O J < ^ ° 2 . T h e r e a r e also c o m p l e x sa l t s of cobalt ic diaquote 

t r a m m i n o m o l y b d a t o d i m o l y b d a t e , [ C o ( N H 3 ) 4 ( H 2 0 ) 2 ] 4 ( M o 0 3 ) 3 ( M o 2 0 7 ) 3 . 3 H 2 0 ; a n d 
of [ C o ( N H 3 ) 4 ( H 2 0 ) 2 ] 1 2 ( M o 0 4 ) 1 5 ( M o 2 0 7 ) 3 . T h e y also p r e p a r e d cobalt ic h e x a 
hydroxydodecamminomolybdate, 

(NH3)4Co<^gg Co °g>Co(NH 3 ) 4 j 
! I (MoO1I3. 

OH OH 4 3 

j Co(NH3)4 J 

S. H . C. Briggs prepared ammonium cobaltic aquopentamininomolybdate, 
t 0 o ( N H 3 ) 6 ( H 2 O ) ] 2 ( M o O 4 ) 3 . ( N H 4 ) 2 M o 0 4 . 2 H 2 O , b y a l lowing a soln. of a m m o n i u m 
c o b a l t o u s m o l y b d a t e t o oxid ize i n a i r w h e n c r imson needles a r e depos i t ed . T h e 
s a l t d issolves i n di l . a q . a m m o n i a , b u t is s l ight ly d e c o m p o s e d b y w a t e r ; a n d 
w h e n bo i led t h e soln . in p o t a s h - l y e g ives off a m m o n i a a n d depos i t s cobal t ic 
h y d r o x i d e . 

F . d e Carl i 2 4 o b s e r v e d t h a t t h e r e a c t i o n b e t w e e n m o l y b d e n u m t r i ox ide a n d 
n icke lous o x i d e beg ins a b o u t 495° . J . B . R i c h t e r , a n d C. H a t c h e t t o b t a i n e d a 
l igh t g reen or w h i t e p r e c i p i t a t e b y a d d i n g p o t a s s i u m m o l y b d a t e t o a soln. of n icke lous 
ch lo r ide . T h e p r e c i p i t a t e w a s sa id t o b e s l ight ly soluble in boil ing w a t e r . 
E . M a r c k w a l d o b t a i n e d n i c k e l o u s molybdate , N i M o 0 4 . § H 2 0 , as a yel low m a s s b y 
h e a t i n g a soln. of n icke lous ch lor ide a n d n o r m a l s o d i u m m o l y b d a t e ; w i t h sod ium 
d i m o l y b d a t e , t h e p r e c i p i t a t e w a s sa id t o h a v e J H 2 O . This m e a n s t h a t t h e p re ­
c i p i t a t e f rom boi l ing soln . is p r o b a b l y a n h y d r o u s ; if p r e c i p i t a t e d f rom cold soln. , 
t h e sa l t w a s sa id t o b e a pentahydrate. T h e green p e n t a h y d r a t e fo rms a pa le b lue 
soln . w i t h a q . a m m o n i a . H . Schu l t ze p r e p a r e d monoc l in ic p r i s m s of t h e a n h y d r o u s 
s a l t b y fusing a m i x t u r e of s o d i u m m o l y b d a t e , n icke lous chlor ide a n d s o d i u m chloride, 
W . J a n d e r d i scussed t h e l a t t i c e - s t r u c t u r e ; a n d t h e diffusion of t h e m o l y b d a t e 
a n d t u n g s t a t e . F . L . S o n n e n s c h e i n o b t a i n e d n i c k e l o u s diaxnminomolybdate , 
N i M o 0 4 . 2 N H 3 . H 2 0 , f rom a soln . of f r e sh ly -p rec ip i t a t ed n icke lous h y d r o x i d e or 
m o l y b d a t e in a q . a m m o n i a . I t is decomposed b y w a t e r . Gr. L. Clark found t h a t 
nickelous hexamminomolybdate, Ni(NH3J6MoO4, has a vap. press, of 760 mm. a t 
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589°. S. H. C. Briggs prepared ammonium nickelous diamminomolybdate, 
( N H 4 ) 2 N i ( M o 0 4 ) 2 . 2 N H 8 , in g reen c rys t a l s , b y a l lowing t o s t a n d i n a n o p e n d i sh 
a soln. of 2O gr ins , of h e x a h y d r a t e d n icke lous chlor ide in 15 c.c. of w a t e r , m i x e d 
w i t h 5O g r m s . of a m m o n i u m m o l y b d a t e in 70 c.c. of cone . a q . a m m o n i a a n d 50 c.c. 
of w a t e r . 

T h e p l a t i n u m m o l y b d a t e s h a v e n o t been p r epa red , b u t O. W . G i b b s 2 5 r e p o r t e d 
fchat complex p la t in i c m o l y b d a t e s c a n b e p r e p a r e d b y t h e a c t i o n of p l a t i n i c ac id , 
p l a t i na t e s , or ch lorop la t in ic ac id o n acid m o l y b d a t e s . T h e ev idence for t h e 
ind iv idua l i ty of t h e s e p r o d u c t s , R 2 O : P t O 2 : MoO 3 : H 2 O , is i n a d e q u a t e . T w o 
a m m o n i u m p l a t i n i c m o l y b d a t e s were r epo r t ed . T h e one 3 : 2 : 8 : 12 w a s o b t a i n e d 
b y boi l ing f resh ly-prec ip i ta ted sod ium p l a t i n a t e w i t h a soln. of a m m o n i u m m o l y b ­
d a t e . T h e lemon-ye l low c rys ta l s decompose w h e n h e a t e d . T h e sa l t is spa r ing ly 
soluble in w a t e r . I t forms p a l e yel low mercurous and mercuric salts w h e n t r e a t e d 
respec t ive ly w i t h m e r c u r o u s a n d mercur i c n i t r a t e s ; p a l e ye l low silver salt, b y t h e 
a c t i o n of si lver n i t r a t e ; pa le yel low thallous salt, b y t h a l l o u s n i t r a t e ; a n d i t gives 
a pa l e yel low p r e c i p i t a t e w i t h coba l t ic d i n i t r i t o t e t r a m m i n o n i t r a t e . T h e m o t h e r -
l iqu id e m p l o y e d in t h e p r e p a r a t i o n of t h e 3 : 3 : 8 : 12-sal t furnishes t h e 1 : 1 : 2 : 9£-
sa l t on e v a p o r a t i o n . T h e b r o w n oily l iquid g r a d u a l l y dr ies t o a d a r k b r o w n m a s s 
wh ich is decomposed b y wa te r . If hydroch lo rop la t in i c ac id b e a d d e d t o a boi l ing 
soln . of p o t a s s i u m m o l y b d a t e in a n excess of po t a sh - lye , a n d t h e soln. acidified w i t h 
ace t ic ac id , i t depos i t s a yellow, c rys ta l l ine m a s s of p o t a s s i u m plat in ic m o l y b d a t e — 
IO : 1 : 60 : 4O—which is possibly a m i x t u r e of p o t a s s i u m h e x a m o l y b d a t e a n d t h e 
2 : 1 : 12 : 4-sal t . I t decomposes w h e n h e a t e d ; i t is easi ly soluble in h o t w a t e r ; 
a pa le b lu ish-green copper salt is p r ec ip i t a t ed b y cupr ic s u l p h a t e , a n d i t is so luble 
in excess ; si lver n i t r a t e gives a pa le yel low crys ta l l ine silver salt. A soln. of p l a t i n i c 
h y d r o x i d e forms a n ol ive-green soln. w i t h s o d i u m m o l y b d a t e . T h e soln. furn ishes 
s o d i u m plat inic molybdate-—£ : 1 : 10 : 2 9 . T h e amber -ye l low p l a t e s a r e v e r y 
soluble in w a t e r , a n d i t forms c ryp toc rys t a l l i ne p r ec ip i t a t e s w i t h me ta l l i c sa l t 
soln. W h e n t h e barium, salt is t r e a t e d w i t h dil . su lphu r i c ac id , or t h e si lver s a l t 
w i t h d i l . su lphu r i c ac id , a soln. of t h e co r re spond ing ac id is o b t a i n e d — e . g . 
P t O 2 - I O M o O 3 . 4 H 2 O , which c a n be r e g a r d e d a s a p la t in i c m o l y b d a t e . A. R o s e n h e i m 
cou ld n o t confirm these obse rva t ions . 
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h igher t e m p . , m o l y b d e n u m t r i ox ide . A . Classen p r e p a r e d w h i t e , de l iquescen t 
crystals of tetra^thylammonium dimolybdate, (N(C2Ha)4)Mo2O7.3H2O. 

F . E p h r a i m a n d M. B r a n d t r e a t e d a soln. of 30 g r m s . of l i t h i u m m o l y b d a t e w i t h 
42-3 c.c. of h y d r o c h l o r i c ac id of s p . g r . 1-07, a n d o b t a i n e d aggrega te s of needle- l ike 
c ry s t a l s of l i t h i u m d imolybdate , L i 2 M o 2 O 7 . 5 H 2 O , which a t 120° lost o n e - t h i r d of 
t h e i r w a t e r of c rys ta l l i za t ion , a n d d isso lved in w a t e r m o r e read i ly t h a n t h e t r i -
m o l y b d a t e . F . H o e r m a n n f o u n d t h e d i m o l y b d a t e h a s a n incongruous m . p . a t 532° , 
F i g . 13 . Li. F . S v a n b e r g a n d H . S t r u v e , a n d F . Ull ik o b t a i n e d w h a t t h e y re­
g a r d e d a s s o d i u m d imolybdate , N a 2 0 . 2 M o O 3 , b y fusing t h e r equ i red p ropo r t i ons 
of s o d i u m c a r b o n a t e or n i t r a t e a n d m o l y b d e n u m t r i o x i d e . T h e w h i t e mass dis­
solves in w a t e r , a n d t h e soln. y ie lds sma l l need les of w h a t Li. F . S v a n b e r g a n d 
H . S t r u v e r e g a r d e d a s t h e monohydrate, a n d F . Ull ik , t h e a n h y d r o u s sal t . E . Groschuff 
o b t a i n e d t h e sa l t b y m e l t i n g e q u i m o l a r p a r t s of n o r m a l s o d i u m m o l y b d a t e a n d 
m o l y b d e n u m t r i ox ide . T h e sa l t m e l t s a t a du l l r e d - h e a t t o a n oily l iquid which 
crys ta l l izes on cooling. F . H o e r m a n n g a v e 612° for t h e m . p . , F ig . 14. T h e sa l t 
is spa r ing ly soluble in cold w a t e r b u t m o r e soluble in h o t w a t e r . J . J . !Berzelius, 
F . Ull ik , a n d I J . F . S v a n b e r g a n d H . S t r u v e p r e p a r e d w h a t h a s been cal led 
p o t a s s i u m d imolybdate in a n a n a l o g o u s w a y . M. A m a d o r i ' s t h e r m a l ana lys i s 
s h o w s t h a t p o t a s s i u m d i m o l y b d a t e c a n ex i s t . G. Canne r i f ound t h a t t h e a lkal i 
m o l y b d a t e s a r e r e d u c e d b y h y d r o g e n i n a cco rd w i t h R 2 M o 2 O 7 - J - H 2 = M o O 2 
H 2 M o O 4 - ^ H 2 O ; r e d u c t i o n b y t i n furn ishes a m o l y b d e n u m b lue ; a n d e lec t ro ly t ic 
r e d u c t i o n gives c o m p o u n d s a n a l o g o u s w i t h t h e t u n g s t e n b ronzes . F . E p h r a i m a n d 
H . Herschf inke l o b t a i n e d r u b i d i u m d imolybdate , R b 2 M 2 O 7 . 2 H 2 O , b y boil ing a soln. 
of a mo l of r u b i d i u m c a r b o n a t e a n d 2 mol s of m o l y b d e n u m t r i ox ide , a n d a d d i n g 
n i t r i c a c id of sp . gr . 1-2O, d r o p b y d r o p , t o t h e filtered l iquid u n t i l t h e p r e c i p i t a t e 
first f o r m e d dissolves . T h e l iqu id furn ishes c r y s t a l s w h i c h a r e freely soluble in 
w a t e r . G. W e m p e o b t a i n e d t h i s sa l t , R b 2 M o 2 O 7 . 2 ^ H 2 O , b y e v a p o r a t i n g t h e 
t r i m o l y b d a t e on a g lass p l a t e a t 30° t o 3 5 ° — h e g a v e for i t t h e fo rmula 
R b 2 M o O 4 - R b 2 M o 3 O 1 0 S H 2 O . 

A. P e c h a r d r e p o r t e d t h a t s i lver d imo lybdate , A g 2 M o 2 O 7 , is f o rmed w h e n silver 
p e r m o l y b d a t e is m e l t e d . A. J u n i u s o b t a i n e d i t b y t h e a c t i o n of a h o t soln. of s i lver 
s u l p h a t e o n a h o t soln. of p o t a s s i u m p e n t a m o l y b d a t e ; a n d b y t h e a c t i o n of s o d i u m 
p a r a m o l y b d a t e on a soln. of s i lver n i t r a t e . T h e p o w d e r cons is t s of ac icu la r c rys t a l s 
w h i c h a re s p a r i n g l y so luble in w a t e r , so luble in a soln. of p o t a s s i u m cyan ide , a n d 
a r e d e c o m p o s e d b y p o t a s h - l y e w i t h t h e p r e c i p i t a t i o n of s i lver ox ide . A. A t t e r b c r g 
o b t a i n e d bery l l ium d imolybdate , B e 0 . 2 M o 0 3 . 3 H 2 0 , b y fusing a n eq. m i x t u r e of 
beryl l ic a n d m o l y b d e n u m t r i o x i d e , e x t r a c t i n g t h e m a s s w i t h w a t e r , a n d e v a p o r a t i n g 
t h e soln . ove r s u l p h u r i c ac id . E . M a r c k w a l d r e p o r t e d coba l tous d imolybdate , 
C o 0 . 2 M o 0 3 . 6 J H 2 0 , t o b e fo rmed b y e v a p o r a t i n g in t h e cold t h e soln. r e m a i n i n g 
af ter t h e p r e c i p i t a t i o n of c o b a l t m o l y b d a t e f rom a m i x e d soln. of s o d i u m di­
m o l y b d a t e a n d c o b a l t o u s ch lo r i de . T h e b r o w n need les form t h e dihydrcutey 
C o 0 . 2 M o 0 3 . 2 H 2 0 , w h e n h e a t e d t o 100°. 

B y a n a l o g y w i t h A. JLaurent ' s 2 t e r m p a r a t u n g s t a t e s , a g r o u p of p o l y m o l y b d a t e s 
we re d e s i g n a t e d paramolybdate s . Owing t o t h e difficulties i n v o l v e d in t h e p re ­
p a r a t i o n of t h e p u r e sa l t s , a n d t o t h e ea r ly difficulties a t t e n d i n g t h e ana lys i s of 
t h e s e sa l t s , t h e formulae a s s igned t o t h e m e x h i b i t cons ide rab le dev ia t ions in t h e 
ra t ios R 2 O : M o O 3 : H 2 O — t h e y inc lude L . F . S v a n b e r g a n d H . S t r u v e ' s 4 : 9 : 6 
for t h e p o t a s s i u m sa l t ; F . E . Z e n k e r ' s 4 : 9 : 28 , a n d J . G. Gen te le ' s 1 : 2 : 7 for 
t h e s o d i u m sa l t ; a n d L . F , S v a n b e r g a n d H . S t r u v e ' s a n d N . J . !Berlin's 2 : 5 : 3 , 
W . DeIfEs' a n d J . C. G. de M a r i g n a c ' s 1 : 2 : 1 , a n d K. J . MaIy s 1 : 4 : 2 . W. L o t z 
s h o w e d t h a t t h e be s t r e p r e s e n t a t i v e ana lys i s is 3 R 2 0 . 7 M o O 3 . ^ H 2 O , a n d th i s 
f o r m u l a , for e x a m p l e , v e r y well r ep r e sen t s t h e ana lyse s of t h e a m m o n i u m sa l t 
b y L . F . S v a n b e r g a n d H . S t r u v e , M. De la fon ta ine , F . Ul l ik , a n d A. W e r n c k e . 
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R6H4[H2(MoO4)J 
K6H5(JT2(MoO4)J 
R4H6[H2(Mo04)6] 
RaH4[H1(Mo1O7).] 
R4HJH2(Mo2O7).] 
R3H7[H2(Mo2O7).] 

A. Junius observed that with bases of higher mol. wt. , e.g. the barium salt , the 
analyses agree better with the formula 5 R 2 0 . 1 2 M o O 3 . ^ H 2 O , and this is in harmony 
with the analysis of P . Klason and the observations of J. Sand and F . Eisenlohr 
on the H'-ion concentration when soln. of ammonium paramolybdate are t i trated 
with alkali hydroxide. This is in agreement with the observations of A. Rosenheim 
and co-workers. A t t e m p t s have been made to find w h a t proportion of the water 
is constitutional, and what proportion is water of crystall ization, b y measuring 
the loss of weight while the salt is gent ly heated a t a given t emp, in a current of 
carbon dioxide. The isothermal dehydrat ion curves show breaks where there is 
a change in the properties of the salt . I n harmony wi th the heteropoly salts 
like the si l icododecatungstates , R 8 [S i (W 2 O 7 ) 6 ] , the phosphododecatungstates , 
R 7 [ P ( W 2 0 7 ) 6 ] , the phosphododecamolybdates , R 7 [P(Mo 2 Oy) 6 ] , the metatungstates , 
R 6 H 4 [ H 2 ( W 2 O 7 ) 6 ] ? and the v i ew that the so-called te tramolybdates are 
R6H4[H2(Mo2O7)I3I , a n ( * the octomolybdates , R 3 H 7 [ H 2 ( M o 2 O 7 J 6 ] , A. Rosenhe im 
represented the paramolybdates b y the formula R 5 H 5 [ H 2 ( M o 2 0 7 ) 6 ] . So t h a t the 
tetra-, octo-, and para-molybdates are salts of the hypothet ical acid H 1 0 [ H 2 ( M o 2 O 7 ) 6 ] . 
The dimolybdates are considered to be salts of the hypothet ical acid H 1 0 [H 2 (MoO 4 J 6 ] , 
n a m e l y R 6H 4 ) H 2 (MoO 4 ) 6 ] ; whilst the paramolybdates have five of the ten hydrogen 
a toms replaced t o form R 5 H 5 [H 2 (MoO 4 ) 6 ] ; and the tr imolybdates have four a toms 
of hydrogen displaced to form R 4 H 6 [H 2 (MoO 4 ) 6 ] , To summarize, 
-TJ. ( Dimolybdates, or Tetrabydrohexamolybdates 

exfV" i + \ Paramolybdates, or Pentahydrohexamolybdates 
moiy Delates J T r i i n o l ybdates , or Hexahydrohexamolybdates . 
Î  j fc i Tetramolybdates, or Tetraliydrododecamolybdates 

°i e> ̂ " + « \ Hexamolybdates, or Hoxahydrododecamolybdates 
moiyoaates j Octomolybdates, or Heptahydrododocamolybdates 

The t w o hydrogen a toms in the nucleus can be replaced b y a bivalent m e t a l — 
copper, calcium, magnes ium, manganese, nickel, or cobal t—to form salts of the 
hypothet i ca l acid : 

H1 0[M" (MoO4) ,JnH 1 O. 

There is also an isomorphous series of salts with a tervalent meta l—aluminium, 
chromium, iron, cobalt, or rhodium—in the nucleus : 

R sH f l [M'"(Mc0 4 ) 6 ] .7H 20. 

There is a salt with a quadrivalent metal in the nucleus—viz . t in—represented b y 

(NH4) 8[Sn''''(Mo207)6].20H2O. 

Other hypotheses can be devised. H. Copaux suggested that the poly-
molybdates are derived from a hypothet ical orthomolybdic acid, H 6 MoO 6 , b y 
subst i tut ing the oxygen a toms one b y one with the eq. Mo2O7-radicle. This 
makes the 3 R 2 0 . 7 M o O 3 . w H 2 0 formula for the paramolybdates assume the form 
R 6 [ M o ( M o 2 0 7 ) 3 0 3 ] . S. Posternak obtained what he regarded as an anhydrous 
paramolybdate which he supposed to be (NH 4 O) 3 MoO(O.Mo0 2 ) 5 O.MoO(ONH 4 ) 3 , 
and he also obtained what he regarded as (NH 4O) 3MoO(O.MoO 2J 5O.MoO 2 (OH), 
and NH 4 O(OH) 2 MoO(O : M o 0 2 ) 6 O . M o 0 2 ( O H ) . H 2 0 . H e also obtained a m m o n i u m 
salts of the complex (RO) 3 MoO(O.Mo0 2 )mO.Mo(OR) 3 .wH 2 0 . These condensation 
products reach their l imit with the tr idecamolybdate . H e added that the classi­
fication of the molybdates into ortho-, meta- , and para-molybdates is unsatisfactory ; 
and t h a t there are only t w o groups of molybdates (i) the R 6 -po lymolybdate s in 
which the ortho- and para-salts are only particular cases ; and (ii), the R 4 -poly-
molybdates formed b y the hydrolyt ic rupture of the R 6 -sal ts . L. Forsen regarded 
the molybdates as derivatives of the t w o acids : molybdic acid, H 6 M o 2 O 1 2 ; and 
m e t a m o l y b d i c acid, H 1 2 M o 2 O 1 2 . The former is represented b y 

MoO(OH)2-O 
U < M o O ( O H ) 2 . 0 > M o 0 ( O H ) a ' 
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A n h y d r i d e s l ike H 4 M o 3 O 1 1 , a n d H 2 M o 3 O 1 0 , c a n b e fo rmed . H e r e g a r d e d m e t a -
m o l y b d i c ac id a s a c o n d e n s a t i o n p r o d u c t of four molecules of m o l y b d i c ac id so 
a s t o fo rm t h e c o m p l e x H 6 [ M o 1 2 O 4 2 H 6 ] ; a n d o b t a i n e d i t b y w a r m i n g m o l y b d i c 
ac id w i t h hydroch lo r i c ac id a n d a l i t t l e n i t r ic ac id . 

A . T r a v e r s a n d !L. M a i a p r a d e cons idered t h a t t h e acid m o l y b d a t e s a re d e r i v a t i v e s 
of t e t r a m o l y b d i c a n d n o r m a l m o l y b d i c ac ids H 2 [ 4 M o 0 3 . O J a n d H 2 [ M o O 4 ] . T h e 
t r i m o l y b d a t e s a n d p a r a m o l y b d a t e s a r e de r ived from t h e ions [ 3 M o O 3 , 0 ] a n d 
[7MoO 3 ,3O] , r e spec t ive ly . T h e s e ions a r e cons idered t o exis t in equ i l i b r ium w i t h 
t h e n o r m a l a n d t e t r a m o l y b d i c ions . A m m o n i u m p a r a m o l y b d a t e a p p e a r s t o h a v e 
t h e compos i t i on 1 2 M o 0 3 . 4 ( N H 4 ) 2 0 , b u t is p r o b a b l y composed of m i x e d c rys t a l s 
of t r i - a n d p a r a - m o l y b d a t e in e q u i l i b r i u m w i t h a mo the r - l i quo r of t h e s a m e 
compos i t i on . T h e co r rec t f o rmu la for s o d i u m p a r a m o l y b d a t e is t a k e n t o be 
3 N a 2 0 . 7 M o 0 3 . 2 2 H 2 0 , a n d t h e a m m o n i u m sal t , 5 ( N H 4 J 2 0 . 1 2 M o O 3 . 7 H 2 O , cons is t s 
of a n i s o m o r p h o u s m i x t u r e of t r u e p a r a m o l y b d a t e , 3 ( N H 4 ) 2 0 . 7 M o 0 3 , w i t h t h e 
t r i m o l y b d a t e , 3( NPI4) 2 0 . 6 M o O 3 , a n d t h e c o m p o s i t i o n r e m a i n s c o n s t a n t on 
r ec rys t a l l i za t ion b e c a u s e t h e c ry s t a l s a r e dejx>sited f rom a m o t h e r l iquor of t h e 
s a m e compos i t i on . 

L.. F . S v a n b e r g a n d H . S t r u v e p r e p a r e d c rys t a l s of a m m o n i u m p a r a m o l y b d a t e , 
o r o r d i n a r y c o m m e r c i a l a m m o n i u m m o l y b d a t e , b y t h e e v a p o r a t i o n of a soln. 
of m o l y b d i c acid in a q . a m m o n i a . A n a l y s e s b v L . F . S v a n b e r g a n d H . S t r u v e , 
W . DeIfFs, J . C. G. de M a r i g n a c , H . Hose , C. F . R a m m e l s b e r g , W . L o t z , J . Te rwe lp , 
F . W e s t p h a l , M. De la fon t a ine , F . XJllik, a n d A. W e r n c k e a r e in acco rd w i t h t h e 
tetrahydrate, 3 ( N H 4 ) 2 0 . 7 M o O 3 . 4 H 2 O , a l t h o u g h , for r e a s o n s i n d i c a t e d a b o v e , 
o t h e r formula) h a v e been g iven w h i c h r e p r e s e n t t h e ana ly se s n e a r l y a s well . 
A c t u a l l y J . J . Berze l ius cal led i t a d i a c i d s a l t ; L . F . S v a n b e r g a n d H . S t r u v e 
r e p r e s e n t e d i t b y 2 ( N H 4 ) 2 0 . 5 M o 0 3 . 3 H 2 0 : J . C. G. d e Mar ignac , a n d W . DeIfTs, 
b y ( N H 4 ) H M o O 4 ; a n d P . K l a s o n r e g a r d e d i t a s 5 N H 3 . 6 M o O 3 . 6 H 2 O , a c o m p l e x 
of ( N H 4 J 3 H 3 M o 3 O 1 2 a n d ( N H 4 ) 2 H 4 M o 3 0 1 2 . T h e c o m p e t i n g formulas a r e 5 ( N H 4 J 2 O . 
1 2 M o O 3 . 7 H 2 O , f a v o u r e d b y A. J u n i u s , a n d J . S a n d a n d F . E i sen loh r ; a n d 
(NH 4 J 5 H 5 [H 2 (MoO 4 )Q] , f a v o u r e d b y A. R o s e n h e i m a n d co-workers . Accord ing 
t o C. F . R a m m e l s b e r g , t h e s p o n t a n e o u s e v a p o r a t i o n of t h e m o t h e r - l i q u o r from t h e 
t e t r a h y d r a t e y ie lds t h e dodecahydrate, in smal l monoc l in i c c rys t a l s w i t h t h e ax ia l 
r a t i o s a : b : c = 0 4 9 7 7 : 1 : 0-7461, a n d yS—106° 3 5 ' . I t is m o r e soluble t h a n t h e 
t e t r a h y d r a t e ; t h e cool ing of t h e a q . soln. y ie lds t h e t e t r a h y d r a t e . T h e colourless 
c ry s t a l s of t h e t e t r a h y d r a t e o b t a i n e d b y L . F . S v a n b e r g a n d H . S t r u v e were 
s ix-s ided p r i s m s ; a n d G. v o m R a t h sa id t h a t t h e monoc l in i c p r i s m s h a v e t h e 
ax i a l r a t i o s a : b : c = 0 - 6 2 9 7 : 1 : 1-2936, a n d £ = - 9 1 ° 2 1 ' ; a n d t h e (010)-cleavage 
is c o m p l e t e . H . S t e i n m e t z d i scussed t h e c ry s t a l s of t h i s sa l t . M. De la fon ta ine 
sa id t h a t t h e c ry s t a l s of t h e tetrahydrate h a v e a b lu i sh t i nge , due , accord ing t o 
N . J . !Berlin, t o t h e p resence of a t r a c e of b lue m o l y b d e n u m oxide . O b s e r v a t i o n s 
o n t h e c rys t a l s we re also m a d e b y W . H a i d i n g e r . J . C. G. de Mar ignac , a n d 
C. F . R a m m e l s b e r g . N . J . Ber l in sa id t h a t w h e n t h e sa l t is h e a t e d t o redness , 
i t loses w a t e r , n i t r ogen , a n d a m m o n i a , a n d l eaves b e h i n d a b r o w n ox ide or else, 
if a i r b e p r e s e n t , m o l y b d e n u m t r i o x i d e . F . W e s t p h a l sa id t h a t half t h e w a t e r is 
los t a f ter t h e sa l t h a s s t o o d t w o m o n t h s over cone , s u l p h u r i c ac id or p h o s p h o r u s 
p e n t o x i d e . P . K l a s o n f o u n d t h a t no w a t e r is los t u n d e r t he se cond i t ions . F . W e s t ­
p h a l o b s e r v e d t h a t a t 90°, al l t h e w a t e r is g iven off ; a t t e m p , u p t o 150°, a m m o n i a 
is g r a d u a l l y g iven off ; o v e r 190°, t h e evo lu t ion of a m m o n i a is a c c o m p a n i e d b y a 
d a r k e n i n g of t h e m a s s ; a n d a t 230°, m o l y b d e n u m t r i o x i d e r e m a i n s . N . J. Ber l in 
t h o u g h t t h a t i n a q . soln. t h e t r i m o l y b d a t e is fo rmed . If t h e f resh ly-prepared , 
cold, s a t . a q . soln. is d i a lyzed , d i m o l y b d a t e escapes , a n d a n acidic l iquor 
r e m a i n s ; if a l lowed t o s t a n d a long t i m e , d i - a n d t r i - m o l y b d a t e s are formed : 
3 { ( N H 4 ) 2 0 . 7 M o 0 3 } = ( N H 4 ) 2 0 . 3 M o 0 3 + 2 ( N H 4 ) 2 M o 2 0 7 . If t h e a q . soln. is hea ted , 
s o m e a m m o n i a escapes ; a n d if t h e soln. is h e a t e d in a sealed t ube , i t is 
s u p p o s e d t h e r eac t i on is t h a t symbo l i zed b y 3 { ( N H 4 ) 2 0 . 7 M o O 3 ) = ( N H 4 ) 2 0 . 4 M o 3 0 
+ 2 ( N H 4 ) 2 0 . 3 M o 0 3 , O n m i x i n g t h e soln. w i t h o t h e r chlorides—e.g. t hose of 
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p o t a s s i u m , ca lc ium, s t r o n t i u m , b a r i u m , o r m a g n e s i u m — a n i s o m o r p h o u s m i x t u r e 
m { 3 ( N H 4 ) 2 0 . 7 M o 0 3 } . n { 3 R 2 0 . 7 M o O 3 ) is fo rmed. J . N . R a k s h i t s t u d i e d t h e 
c o n t r a c t i o n which occurs w h e n t h e s a l t is d issolved in w a t e r . P . K l a s o n o b s e r v e d 
t h a t a m i x t u r e of 23*22 g r m s . of w a t e r a n d 3*5846 g r m s . of sa l t h a s a f .p. —0-625°, 
a n d one of 23-91 g r m s . of w a t e r a n d 4*1041 g r m s . of sal t , a f.p. of — 0 6 6 5 ° . Th i s 
co r responds w i t h t h e mol . w t . 452 a n d 472 respec t ive ly . A soln. of 18*9 g r m s . of 
w a t e r a n d 4-4281 g r m s . of s a l t h a s a b . p . 1 0 0 3 5 ° , a n d a soln. of 16*9 g r m s . of w a t e r 
a n d 5-4519 g r m s . of sa l t , a b . p . of 100-42°. T h e co r re spond ing mol . w t s . a r e 348 a n d 
399. E . D a r m o i s a n d J . P e r i n found t h a t t h e mol . w t . of t h e s a l t is n o r m a l w h e n 
ca l cu l a t ed f rom t h e f .p. of i t s soln. in d e c a h y d r a t e d s o d i u m s u l p h a t e . A . R o s e n ­
h e i m ' s fo rmula for t h e sa l t r equ i res a mol . w t . of 1057. J . Te rwe lp g a v e for t h e eq . 
c o n d u c t i v i t y , A m h o s , of a n eq . of t h e sal t , J ( ( N H 4 J 6 M o 7 O 2 4 . 4 H 2 O ) , in v l i t res of 
w a t e r a t 25° : 

v . . 32 64 128 256 5J2 1024 
A . . 105-5 1 1 9 7 131-5 142-2 154-4 170-9 

T h e aq . soln. h a s a n acidic reac t ion . J . S a n d a n d F . ESisenlohr sa id t h a t t h e sa l t 
— r e p r e s e n t e d b y A. J u n i u s ' fo rmula ( N H 4 J 1 0 M o 1 2 O 4 — i s s l igh t ly h y d r o l y z e d so 
t h a t , a t 25° , t h e H*-ion cone, of a OOli l f -soln . is 1 - 1 7 x 1 0 - 4 c o r r e s p o n d i n g .with 
a 0-19 p e r cen t , hydro lys i s : M o 1 2 0 4 1

x + 3 H 2 0 ^ 2 M o 6 0 2 2
v l l r + 6 H \ I n t h e p r o ­

gress ive hydro lys i s of t h e sa l t t h e c o m p l e x sa l t ( N H 4 J 8 M o 6 O 2 2 is f o r m e d 
before t h e s imple m o l y b d a t e (NH 4 J 2 MoO 4 . T h e r e a r e also i nd i ca t i ons t h a t a 
s econd p o l y m o l y b d a t e ion is fo rmed . T h e y sa id t h a t t h e or ig inal sa l t ionizes 
n o r m a l l y : ( N H 4 ) 1 0 M o 1 2 O 4 1 ^ ^ 1 0 N H 4 " + M o 3 2 0 4 1

x ; a n d on p rogress ive n e u t r a l ­
i za t ion , t h e r e a re t w o possibi l i t ies : (i) t h e r e is h y d r o l y t i c e q u i l i b r i u m , 
M o 1 2 0 4 1

x + 7 H 2 0 ^ 1 2 M o 0 4
/ / + 1 4 H ' , so t h a t t h e a d d i t i o n of s o d i u m h y d r o x i d e 

will r e m o v e t h e H"-ions a n d in all s t ages of t h e process t h e r e will b e equ i l i b r i um 
b e t w e e n t h e M o 1 2 O 4 1

 x , M o 0 4 " , a n d t h e H*-ions ; or (ii) one or m o r e p o l y m o l y b d a t e s 
m a y b e fo rmed . T h e pos i t ion of t h e b r e a k in t h e c u r v e r e p r e s e n t i n g t h e H ' - i o n 
cone , a n d t h e a m o u n t of sod ium h y d r o x i d e a d d e d t o t h e soln. co r r e sponds b e t t e r 
w i t h t h e a s s u m p t i o n t h a t t h e r eac t ion is : M o 1 2 0 4 1

x + 6 0 H / = 4 M o 3 0 1 1
I V + 3 H 2 0 . 

S. D u s h m a n found t h a t t h e r a t e a t wh ich iod ine is l i b e r a t e d f rom a m i x t u r e of 
p o t a s s i u m iodide a n d i o d a t e in ac idic soln. is p r o p o r t i o n a l t o t h e cone , of t h e 
i o d a t e ion, a n d t o t h e s q u a r e of t h e cone, of t h e iod ine a n d h y d r o g e n ions, a n d 
J . S a n d a n d F . E i sen lohr u t i l ized t h e r eac t ion t o m e a s u r e t h e H -ion cone , in t h e 
l ibera t ion of iod ine f rom m i x t u r e s of p o t a s s i u m iodide , i oda t e , a n d a m m o n i u m 
m o l y b d a t e . C o n s t a n t va lues a r e n o t o b t a i n e d for ^ = [ M o 6 0 2 2

v , I I ] 2 [ H * ] 6 / [ M o 1 2 0 4 1
x ] 

o n t h e a s s u m p t i o n t h a t Mo 3 0 1 : L
I V - ions a r e p resen t , b u t c o n s t a n t v a l u e s a r e o b t a i n e d 

o n t h e a s s u m p t i o n t h a t t h e ions a re M o 6 0 2 2
V I 1 1 , a n d a t 25°, K = 3*80 x 1 O - 3 1 . 

13. G l a s m a n n r e p r e s e n t e d t h e e n d - p r o d u c t s of t h e hydro lys i s : 3 ( N H 4 J 6 M o 7 O 2 4 
H - 1 2 H 2 0 = 9 ( N H 4 ) 2 M o 0 4 - f - 1 2 H 2 M o 0 4 , a n d t h e m o l y b d i c ac id so p r o d u c e d r e a c t s 
w i t h t h e m i x t u r e of p o t a s s i u m iod ide a n d i o d a t e : 2 O K I + 4 K I O 3 + 1 2 H 2 M o O 4 
= 1 2 K 2 M o 0 4 - h l 2 I 2 + 1 2 H 2 0 . S. E . M o o d y r e p r e s e n t e d t h e r e a c t i o n : 
3 ( N H 4 ) 6 M o 7 0 2 4 . 4 H 2 0 = = 1 8 N H 3 + 2 1 H 2 M o 0 4 ; followed b y 21 H 2 M o O 4 + 3 5 K I 
4 - 7 K I 0 5 = 2 1 K 2 M o 0 4 + 2 1 I 2 + 2 1 H 2 0 . A . J u n i u s obse rved t h a t w h e n a n a q . 
soln. of a m m o n i u m p a r a m o l y b d a t e is e lec t ro lyzed, a m m o n i u m t e t r a m o l y b d a t e 
col lects a t t h e a n o d e . A. R o s e n h e i m p r e p a r e d t h e p a r a m o l y b d a t e s of e t h y l a m i n e , 
an i l ine , py r id ine , a n d guan id ine , of t h e t y p e 5 ( C N 3 H 6 J 2 0 . 1 2 M o O 3 . 4 H 2 O . F o r 
hydroxylamine paramolybdates, vide supra. 

A. !Rosenheim p r e p a r e d needle- l ike c ry s t a l s of l i t h i u m paramolybdate , 
3 L i 2 0 . 7 M o O 3 . 1 2 H 2 O , b y e v a p o r a t i n g a so ln . of a m o l of l i t h i u m c a r b o n a t e a n d 2 
m o l s of m o l y b d i c ac id , a n d a l lowing i t t o c rys ta l l i ze ove r p h o s p h o r u s p e n t o x i d e . 
Tn a d d i t i o n t o t h i s dodecaJiydrale, F . E p h r a i m a n d M. B r a n d r e p o r t e d t h a t t h e 
octocosihydrate is o b t a i n e d b y e v a p o r a t i n g i n t h e cold a soln. of 7 mo l s of l i t h i u m 
m o l y b d a t e a n d 8 mols of n i t r i c ac id . T h e needle- l ike c rys t a l s a r e eas i ly so lub le 
in cold or h o t w a t e r . M. D e l a f o n t a i n e , F . E . Zenke r , a n d J . G. Gen te l e p r e p a r e d 
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s o d i u m paramolybdate , 3 N a 2 0 . 7 M o 0 3 . 2 2 H 2 0 , b y t r e a t i n g w i t h n i t r i c ac id a soln. 
of m o l y b d i c ac id in one of s o d i u m h y d r o x i d e or c a r b o n a t e u n t i l t h e first p r e c i p i t a t e 
d issolves , a n d t h e soln . h a s a n ac id r e a c t i o n . T h e l i qu id depos i t s t h e s a l t i n c rys t a l s . 
F . Ull ik , a n d A. !Rosenheim o b t a i n e d i t f rom a soln. of t h e c a l c u l a t e d q u a n t i t y 
of m o l y b d i c a c id o r a n ac id m o l y b d a t e a n d t h e ca l cu l a t ed p r o p o r t i o n of s o d i u m 
c a r b o n a t e ; a n d E . M a u r o o b t a i n e d i t f rom a soln. of m o l y b d i c ac id in o n e of b o r a x 
•—perborate a n d t r i m o l y b d a t e a r e a lso fo rmed . A. J u n i u s o b t a i n e d t h e p a r a m o l y b ­
d a t e b y e lec t ro lyz ing a soln. of 5 0 t o 60 g r m s . of t h e n o r m a l sa l t in 350 c.c. of w a t e r , 
i n a c o m p a r t m e n t cell, u s i n g a c u r r e n t of 4 a m p s , a n d 8 t o 10 vo l t s for 6O t o 75 
m i n u t e s . T h e a n o d e l i q u o r is a l lowed t o c rys ta l l ize . A. Liot termoser m a d e a 
cell w i t h a soln. of s o d i u m m o l y b d a t e in t h e i n n e r a n o d e c o m p a r t m e n t , O* 12V-NaOH 
in t h e o u t e r c a t h o d e c o m p a r t m e n t , a p l a t i n u m cy l inde r fo rmed t h e a n o d e . On 
e lec t ro lys is , s o d i u m p a r a m o l y b d a t e w a s f o u n d in t h e in t e r io r cell. T h e sa l t w a s 
a n a l y z e d b y M. D e l a f o n t a i n e , E . Ul l ik , J . Gr. G e n te le , a n d E . E . Zenker , a n d t h e 
f o r m u l a a p p r o x i m a t e s t o 3 N a 2 0 . 7 M o 0 3 . 2 2 H 2 0 , or 5 N a 2 0 . 1 2 M o 0 3 . 3 6 H 2 0 , or, 
a c c o r d i n g t o A . R o s e n h e i m , N a 5 H 5 [ H 2 ( M o 0 4 ) 6 ] . 1 5 J H 2 0 . E . W e s t p h a l r e g a r d e d 
i t a s a n icosihydrate, 3 N a 2 0 . 7 M o O 3 . 2 0 H 2 O . G. W e m p e o b t a i n e d w h a t h e r e g a r d e d 
a s 5 N a 2 0 . 1 2 M o O 3 . ^ H 2 O , w i t h n=S9 2O, 36 , a n d 44 . T h e colourless , m o n o -
clinic p r i s m s were f o u n d b y F . E . Z e n k e r t o h a v e t h e ax i a l r a t i o s a : b : c 
= 2 - 0 9 2 3 : 1 : 2-0237, a n d j 8 = 1 0 3 c 2 5 ' . T h e (10O)-cleavage is i n c o m p l e t e . Accord­
ing t o E . E . Zenke r , J . G. Gen te l e , M. D e l a f o n t a i n e , a n d F . Ull ik , t h e c rys t a l s 
a r e s t a b l e i n a i r o n l y a t a low t e m p . ; a t r o o m t e m p . , i t effloresces g iv ing off 
8 mol s . of w a t e r ; o v e r s u l p h u r i c ac id , 11 mols . , a n d a t 100°, 21 mols . F . TJllik 
sa id t h a t t h e l a s t m o l . is expe l l ed a t 120° -130° ; M. D e l a f o n t a i n e sa id a t 200°. 
H . C o p a u x f o u n d t h a t one m o l . r e m a i n s a t 100° ; 0-5 m o l . a t 150° ; a n d all is 
expe l led a t 200° ; a n d A . R o s e n h e i m , t h a t 15*5 mol s . a r e expel led a t 60°, a n d 18 
mols . a t 100°. T h e s a l t r e a d i l y fuses in i t s w a t e r of c rys t a l l i za t ion . T h e d e h y d r a t e d 
sa l t r ead i ly fuses—LJ. O t t g a v e 700° for t h e m . p . — a n d i t is n o longer comple t e ly 
soluble in w a t e r . W h e n t h e s a l t wh ich h a s been fused is t r e a t e d w i t h w a t e r i t 
l eaves needle- l ike c rys t a l s , w h i c h , a c c o r d i n g t o E . Groschuff, a r e t hose of t h e 
d i m o l y b d a t e . T h e f.p. c u r v e of E . Groschuff, F i g . 14, shows t h a t t h e fused p a r a ­
m o l y b d a t e is a m i x t u r e of m o l y b d e n u m t r i o x i d e a n d s o d i u m d i m o l y b d a t e ; i t is also 
d o u b t f u l if t h e d e h y d r a t e d p a r a m o l y b d a t e is a chemica l i n d i v i d u a l . Accord ing t o 
A. R o s e n h e i m , IOO g r m s . of w a t e r a t 30° dissolve 117-7 g r m s . of s a l t c a l cu l a t ed as 
5 N a 2 C l 2MoO 3 , or 1OO g r m s . of soln. c o n t a i n 56*06 g r m s , T h e so lub i l i ty is g r e a t e r 
in h o t soln. , a n d h y d r a t e d p a r a m o l y b d a t e is d e p o s i t e d as t h e soln. cools, b u t w a r m 
cone . soln. of t h e p a r a m o l y b d a t e w h e n boi led depos i t t r i m o l y b d a t e . T h e a d d i t i o n 
of s o d i u m c a r b o n a t e t o a soln. of p a r a m o l y b d a t e fo rms t h e m o n o m o l y b d a t e . 
A . !Rosenheim g a v e for t h e e lec t r ica l c o n d u c t i v i t y , A m h o s , of a soln. of o n e - t e n t h of 
a mo l of 5 N a 2 0 . 1 2 M o 0 3 . 3 6 H 2 0 i n v l i t res a t 25° , 

v . . 16 32 64 128 256 512 1024 
A . . 89-O 99-8 108-7 116-9 124-8 1 3 5 1 1 4 6 1 

L*. O t t sa id t h a t t h e m o l t e n s a l t d isso lves i ron , a n d w h e n t h e cold m a s s is t r e a t e d 
w i t h w a t e r , ferr ic o x i d e r e m a i n s und i s so lved . F . E . B r o w n a n d J . E . S n y d e r 
o b s e r v e d n o a c t i o n w i t h a n h y d r o u s a m m o n i u m m o l y b d a t e a n d boi l ing v a n a d i u m 
o x y t r i ch lo r ide . 

L . F . S v a n b e r g a n d H . S t r u v e o b t a i n e d p o t a s s i u m paramolybdate , 
3K2O.7M0O3.4H2O, o r m a y b e 5 K 2 0 . 1 2 M o O 3 . 7 or 8 H 2 O , b y m i x i n g a soln. of 
m o l y b d i c ac id i n p o t a s s i u m c a r b o n a t e , d r o p b y d r o p , w i t h h y d r o c h l o r i c or n i t r i c 
a c id u n t i l a p e r m a n e n t t u r b i d i t y is p r o d u c e d ; t h e so ln . soon depos i t s c rys ta l s of 
t h e sa l t . M. D e l a f o n t a i n e o b t a i n e d t h e sa l t b y e v a p o r a t i n g t o d r y n e s s a soln. 
of m o l y b d i c ac id i n a n excess of p o t a s s i u m c a r b o n a t e , d iges t ing t h e mass wi th 
w a t e r , a n d a l lowing t h e soln . t o c rys ta l l ize . A . R o s e n h e i m fused a m i x t u r e of 
e q u i m o l a r p a r t s of m o l y b d e n u m t r i ox ide a n d p o t a s s i u m c a r b o n a t e , a d d e d n i t r i c 
a c id t o t h e a q . so ln . u n t i l t h e l iqu id w a s n e u t r a l t o l i t m u s , a n d al lowed t h e soln. 
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t o crys ta l l ize . A. J u n i u s e lec t ro lyzed in a d i a p h r a g m cell a soln. of 45 g r m s . of 
p o t a s s i u m m o l y b d a t e in 350 c.c. of w a t e r for half a n h o u r us ing a c u r r e n t of 1 t o 
2 a m p . a n d 8 vo l t s , a n d a l lowing t h e a n o d e l iquor t o crys ta l l ize . If t h e e lec t ro lys is 
be c o n t i n u e d t o o long, or if t h e c u r r e n t s t r e n g t h be t o o high, p o t a s s i u m t r i m o l y b d a t e 
is fo rmed . Accord ing t o J . C. G. d e Mar ignac , t h e s ix-s ided p r i s m s a r e m o n o -
clinic w i t h t h e ax ia l r a t i o s a : b : c = 0 6 2 1 : 1 : 0-291, a n d £ = 9 0 ° 2 5 ' , a n d t h e y a r e 
i somorphous w i t h t h e co r r e spond ing a m m o n i u m sal t . Accord ing t o L . F . S v a n b e r g 
a n d H . S t r u v e , a n d M. De la fon ta ine , t h e sa l t is spa r ing ly soluble in cold w a t e r 
a n d is t h e r e b y d e c o m p o s e d i n t o t h e n o r m a l a n d t r i m o l y b d a t e ; i t loses i t s c o m b i n e d 
w a t e r w h e n h e a t e d , a n d m e l t s a t a r e d - h e a t forming a yel low glass . T h e s a l t is 
s t ab l e on ly w h e n q u i t e d r y , o r w h e n confined u n d e r i t s m o t h e r - l i q u o r . 

M. De la fon ta ine r e p o r t e d rubid ium paramolybdate , 3 R b 2 0 . 7 M o O 3 . 4 H 2 O 
— o r , acco rd ing t o G. W e m p e , 5 R b 2 0 . 1 2 M o O 3 . ^ H 2 O — t o b e fo rmed b y m e l t i n g 
r u b i d i u m c a r b o n a t e w i t h a n excess of m o l y b d e n u m t r iox ide , d issolving t h e cold 
m a s s in h o t w a t e r , a n d cooling t h e soln. F . E p h r a i m a n d H . Herschf inke l u s e d 
a s imi lar process . W . M u t h m a n n a n d W . Nage l o b t a i n e d t h e p a r a m o l y b d a t e 
b y fusing a m o l of r u b i d i u m c a r b o n a t e wi th 3 mols of m o l y b d e n u m t r i o x i d e ; 
d issolving t h e cold m a s s in w a t e r ; a n d crys ta l l iz ing . F . E p h r a i m a n d H . H e r s c h ­
finkel a d d e d t h a t t h e c rys t a l s lose 2 mols . of w a t e r a t 120°, a n d all t h e w a t e r is 
expe l led a t 180°. T h e s ix-sided p r i sms a re sa id t o b e i s o m o r p h o u s w i t h 
t h e a m m o n i u m sa l t a n d t o be spa r ing ly soluble in cold, b u t m o r e so luble in h o t 
w a t e r . I t can b e crys ta l l ized u n c h a n g e d f rom i t s a q . soln. G. W e m p e sa id t h a t 
100 c.c. of t h e aq . soln. a t 24° c o n t a i n 1-941 g r m s . of t h e sa l t . M. D e l a f o n t a i n e 
g a v e t h e fo rmula R b 2 0 . 3 M o O 3 . 2 H 2 O , us ing a w r o n g v a l u e for t h e a t . w t . of r u b i d i u m . 
F . E p h r a i m a n d H . Herschf inkel a d d e d t h a t t h e m o t h e r - l i q u o r furnishes ac icu la r 
c rys t a l s of 4 R b 2 0 . 5 M o O 3 . ! 2 H 2 O , or 5 R b 2 0 . 7 M o O 3 . 1 4 H 2 O , b u t t h e i n d i v i d u a l i t y of 
t h e p r o d u c t w a s n o t es tab l i shed . G. W e m p l e o b t a i n e d r u b i d i u m n y d r o p a r a -
m o l y b d a t e , 2 R b 2 O . H 2 0 . 7 M o O 3 . 5 H 2 O , from a soln. of m o l y b d i c ac id s a t u r a t e d 
w i t h r u b i d i u m c a r b o n a t e . A. R o s e n h e i m p r e p a r e d c a e s i u m p a r a m o l y b d a t e , 
3 C s 2 0 . 7 M o O 3 ^ H 2 O , or 5 C s 2 0 . 1 2 M o O 3 . U H 2 O , b y e v a p o r a t i n g t h e soln. o b t a i n e d 
b y boi l ing a soln. of 2 mols of m o l y b d i c ac id w i t h a mol of caesium c a r b o n a t e . 
F . E p h r a i m a n d H . Herschf inkel us ing ana logous p r o p o r t i o n s of m o l y b d i c ac id a n d 
caesium h y d r o x i d e o b t a i n e d t h e 1 : 5 : 5 - m o l y b d a t e , n o t t h e p a r a m o l y b d a t e . 

F . Westphal prepared white needles of ammonium calcium paramolybdate, 
acco rd ing t o A. R o s e n h e i m , ( N H 4 ) 3 C a H 6 [ H 2 ( M o 0 3 ) 6 ] . 9 H 2 0 , b y t h e a c t i o n of 
a m m o n i u m p a r a m o l y b d a t e on a soln. of ca lc ium chlor ide . F . W e s t p h a l o b t a i n e d 
a s u b s t a n c e of t h e compos i t i on 2SrO.3MoO 3 , b u t i t was p r o b a b l y a m i x t u r e of 
Stront ium paramolybdate (3 : 7) a n d m o n o m o l y b d a t e 1 : 5 . I t w a s o b t a i n e d a s 
a w h i t e a m o r p h o u s m a s s b y m i x i n g soln. of s o d i u m d i m o l y b d a t e a n d s t r o n t i u m 
ch lor ide . L . F . S v a n b e r g a n d H . S t r u v e p r e p a r e d b a r i u m p a r a m o l y b d a t e , 
3 B a 0 . 7 M o 0 3 . 9 H 2 0 , or 5 B a O . 1 2 M o O 3 . n H 2 0 , b y doub le decompos i t i on b e t w e e n 
b a r i u m chlor ide a n d a n alkal i or a m m o n i u m p a r a m o l y b d a t e . F . W e s t p h a l sa id 
t h a t t h e a i r -d r ied p r e c i p i t a t e is t h e decosihydrate. A. J u n i u s , work ing w i t h cold 
soln. , sa id t h a t t h e p r ec ip i t a t e is t h e dodecahydrate, 3 B a O . 7 M o O 3 . 1 2 H 2 O , o r 
5 B a O . 1 2 M o O 3 . 2 0 H 2 O , a n d w h e n boiled i t forms t h e hexahydrate, 3 B a 0 . 7 M o 0 3 . 6 H 2 0 , 
o r 5 B a O . 12MoO 3 .1OH 2O. F . W e s t p h a l o b t a i n e d a m m o n i u m b a r i u m p a r a m o l y b ­
date , 3 ( N H 4 ) 2 0 . 3 B a O . 1 4 M o O 3 . 1 2 H 2 O , b y c rys ta l l i za t ion f rom a clear soln. of a 
m o l of b a r i u m chlor ide a n d 10 mols of a m m o n i u m p a r a m o l y b d a t e . 

F . UlHk prepared magnesium paramolybdate, 3MgO.7MoO3.2OH2O, by 
s p o n t a n e o u s l y e v a p o r a t i n g a soln. of t h e n o r m a l m o l y b d a t e in n i t r i c ac id . T h e 
p l a t e s a n d p r i s m s a r e s t ab l e in a i r ; t h e y lose w a t e r a t a r e d - h e a t ; a n d a r e so lub le 
in co ld w a t e r a n d still m o r e soluble in h o t w a t e r . E . M a n a s s e w i t s c h cou ld n o t 
p r e p a r e z i n c paramolybdate ; b y t r e a t i n g a z inc sa l t soln. w i t h s o d i u m p a r a ­
m o l y b d a t e , a m i x e d p r e c i p i t a t e w a s o b t a i n e d , a n d w i t h a m m o n i u m p a r a m o l y b d a t e , 
a m m o n i u m z i n c paramolybdate , 2 ( N H 4 ) 2 0 . Z n 0 . 7 M o 0 3 . 1 5 H 2 0 , w a s o b t a i n e d a s 
a w h i t e , i n so lub le p r e c i p i t a t e . A . J u n i u s cou ld n o t p r e p a r e c a d m i u m p a r a m o l y b -
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d a t e b y d o u b l e d e c o m p o s i t i o n ; b u t E . Mannassewi t sch o b t a i n e d a m m o n i u m 
cadmium paramolybdate, 2(NH4)2O.CdO.12MoO3.0H2O. 

A. J u n i u s p r e p a r e d tha l l ous paramolybdate , 3 T l 2 0 . 7 M o 0 3 , o r 5 T l 2 0 . 1 2 M o O 3 , 
a s a yel low, mic roc rys t a l l i ne p rec ip i t a t e , b y a d d i n g t o a n excess of a h o t soln. 
of t h a l l o u s s u l p h a t e a h o t soln. of sod ium p a r a m o l y b d a t e . T h e sa l t is spa r ing ly 
so luble in w a t e r ; b u t freely so luble in a soln. of alkal i h y d r o x i d e or c a r b o n a t e , 
or in m i n e r a l ac ids . T h e sa l t m e l t s t o a deep b r o w n l iquid a t du l l r edness . 
H . F l e m m i n g r e p o r t e d t w o ac id sa l t s t o be fo rmed b y doub le decompos i t i on . 
T h e one , 8 T l 2 O . H M o O 3 , is s u p p o s e d t o be a m i x t u r e of t h e n o r m a l a n d t h e p a r a ­
m o l y b d a t e ; a n d t h e o the r , 3 T l 2 0 . 8 M o O 3 , n ea r l y all p a r a m o l y b d a t e . A. Cleve 
prepared crystals of ytterbium paramolybdate, Yb2O3.7MoO3.6H2O, by adding 
a soln. of y t t e r b i u m n i t r a t e t o a soln. of a m m o n i u m p a r a m o l y b d a t e , a n d 
a l lowing t h e soln. t o s t a n d for some t i m e , a n d d r y i n g t h e colourless c rys ta l s 
a t 130°. 

G. A. Barb ie r i p r e p a r e d a series of r a r e - e a r t h m o l y b d a t e s of t h e genera l fo rmula 
( N H 4 ) 6 K 2 ' ' ' M o 1 4 0 4 8 . 2 4 H 2 0 , or ( N H 4 ) 3 K ' ' ' M o 7 0 2 4 . 1 2 H 2 0 . T h e sa l t s can b e 
r e g a r d e d a s couip lex p a r a m o ] y b d a t e s . T h e y all furnish t r ic l inic c rys t a l s a n d a re 
i s o m o r p h o u s . T h e c ry s t a l l og raph i c d a t a a re b y E . Bil lows. T h e red , t r ic l inic 
prisms of ammonium cerous molybdate, (NH4)0Ce*>Mo14O48.21H2O, have the axial 
r a t i o s a : b : c^0-3533 : 1 : 0*3409, a n d <x = 102° 22'*"; /3—54° 3O' ; a n d r = - 1 0 3 ° 4 ' , 
are soluble in water ; the white crystals of ammonium lanthanous molybdate, 
(NH4)0L<a<?Mo14O48.24IL>O, h a v e a ye l low t inge , a n d t h e ax ia l r a t i o s a : b : c 
= 0 - 3 5 0 2 Tl : 0-3416, a n d o , = 1 0 2 ° 29 ' , £ - = 5 4 ° 18 ' , a n d y = 103 0 10 ' . These t w o 
c o m p o u n d s r ead i ly fo rm i s o m o r p h o u s m i x t u r e s . G. A. Ba rb i e r i , a n d E . Bi l lows 
also described ammonium neodymium molybdate, (NH 4 ) 6 Nd 4 ,Mo u 0 4 8 .24H 2 0, with 
t h e ax ia l r a t i o s a : b : c==0-3492 : 1 : O-3385, a n d a - 1 0 2 ° 15 ' , 0=54° 8 ' , a n d y = 1 0 3 ° 
3 9 ' ; ammonium praseodymium molybdate, (NH4)6Pr2Mo ] 404 8 .24HoO, with 
0-3514 : 1 : 0-3461, and <x=102° 1 V9 £ = 5 4 ° 15', and y = 1030 44' 3O" ; and am­
monium samarium molybdate, (JSTH4)6Sa2Mo14048.24H20, with 0-3611 : I : 0-3330, 
a n d <x=54° 4 5 ' , £ = 5 4 ° 4 5 ' , a n d y = 102° 3 6 ' 3 0 " . 

A. L a n c i e n found t h a t w h e n u r a n i u m n i t r a t e is a d d e d t o a n excess of a m m o n i u m 
p a r a m o l y b d a t e , a n d t h e r e su l t i ng p r e c i p i t a t e is boiled w i t h m o l y b d i c acid, urany l 
paramolybdate , 3 (UO 2 ) .7MoO 3 , is o b t a i n e d as a n a m o r p h o u s , yel low p o w d e r . 
Tt is so luble in all m i n e r a l ac ids , g iv ing a greenish-ye l low, f luorescent l iquid ; i t 
is d e c o m p o s e d b y excess of w a t e r , a n d r e d u c e d t o g reen u r a n i u m m o l y b d a t e , 
U ( M o 0 4 ) 2 , b y a lcohol a n d b y ace t i c ac id . T h e effect of sun l i gh t on t h e h e p t a m o l y b -
d a t e is t o d a r k e n i t s colour , a n d t o r e n d e r i t n o longer reduc ib le b y alcohol 
or c o m p l e t e l y soluble in n i t r i c ac id , owing t o t h e f o r m a t i o n of insoluble 
a n h y d r o u s u r a n i u m o c t o m o l y b d a t e , 8MoO8,LTO3 a n d t h e h y d r a t e d c o m p o u n d , 
8MoO 3 , U O 3 , 1 3 U 2 O , w a s a lso p r e p a r e d . 

F o r m a n g a n e s e paramolybdates , vidv supra, t h e m o l y b d a t e s . E . M a r c k w a l d 
cou ld n o t p r e p a r e c o b a l t o u s p a r a m o l y b d a t e , b u t A. C a r n o t ob t a ined w h a t a p p e a r e d 
to be cobaltic pentamminoparamolybdate, Co2O3.7MoO3-SNH3.3H2O, by oxidizing 
a n a rnmon iaca l soln. of a c o b a l t o u s sa l t w i th h y d r o g e n d iox ide , a d d i n g a m m o n i u m 
p a r a m o l y b d a t e , a n d t h e n acidi fying t h e l iquor w i t h ace t i c ac id t o p r e c i p i t a t e t h e 
sa l t . Th i s c o m p o u n d loses a m m o n i a a n d w a t e r w h e n h e a t e d . T h e r eac t ion can 
be u s e d a s a t e s t for c o b a l t sa l t s . E . M a r c k w a l d o b t a i n e d a m m o n i u m cobal tous 
paramolybdate , 3 ( N H 4 ) 2 0 . 3 C o 0 . 7 M o 0 3 , n H 2 0 , or 5 ( N H 4 ) 2 0 . 5 C o 0 . 2 4 M o 0 3 . n H 2 O , 
from soln. of c o b a l t o u s ch lo r ide a n d a m m o n i u m p a r a m o l y b d a t e e v a p o r a t e d over 
s u l p h u r i c ac id . D a r k r ed p r i s m s a r e o b t a i n e d . H e also r e p o r t e d a h y d r a t e d 
series of, p r o b a b l v , m i x t u r e s of a m m o n i u m p a r a m o l y b d a t e , a n d coba l tous p a r a ­
m o l y b d a t e ( 3 ( N H 4 ) 2 0 . 7 M o 0 3 ) : ( 3 C o 0 . 7 M o 0 3 ) = 5 : 7 ; 2 : 3 ; 3 : 5 ; a n d 1 : 5 . 
Sodium cobaltous paramolybdate, Na2O.CoO-7MoO3.20H2O, was obtained by 
E . M a r c k w a l d f rom a m i x t u r e of eq . p r o p o r t i o n s of soln. of s o d i u m d i m o l y b d a t e 
a n d coba l t ous ch lor ide , a n d af ter fi l tering off t h e p r e c i p i t a t e d n o r m a l coba l tous 
m o l y b d a t e , c o n c e n t r a t i n g b y h e a t . T h e d a r k r e d c rys t a l s a re slowly soluble in 



588 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

cold w a t e r , a n d w i t h o u t decompos i t i on ; a n d dissolve w i t h o u t decompos i t i on 
in h o t w a t e r , b u t t h e h o t soln. soon decomposes . E . M a r c k w a l d c o n c e n t r a t e d a 
soln. of a mol of sod ium p a r a m o l y b d a t e a n d c o b a l t o u s ch lor ide in t h e cold ove r 
cone , su lphur ic ac id a n d o b t a i n e d d a r k red , p r i s m a t i c needles of t h e compos i t i on 
3 N a 2 0 . 3 C o O . 14MoO 3 . 50H 2 O. T h e soln. i n cold w a t e r is c lear a n d does n o t b e c o m e 
t u r b i d w h e n h e a t e d . 

Accord ing t o a n obse rva t i on of N . J . Ber l in , 3 a m m o n i u m tr imolybdate , 
( N H 4 J 2 0 . 3 M o O 3 . ^ H 2 O , is fo rmed d u r i n g t h e s p o n t a n e o u s e v a p o r a t i o n of a soln . 
of a m m o n i u m p a r a m o l y b d a t e . F . W e s t p h a l , a n d L . K a m m e r e r o b t a i n e d i t b y 
keep ing a cone . soln. of t h a t sa l t for a long t i m e a t o r d i n a r y t e m p . ; a n d P . K l a s o n , 
a n d G. W e m p e , b y t r e a t i n g a soln. of t h e p a r a m o l y b d a t e w i t h t h e ca l cu l a t ed 
q u a n t i t y of hydroch lo r i c ac id . N . J . Ber l in cons idered t h e p r o d u c t t o be a t r i -
h y d r a t e ; a n d Li. K a m m e r e r , a m o n o h y d r a t e . T h e r a d i a t i n g masses of ac icu la r 
c rys ta l s , or c rys ta l l ine c rus t s , accord ing t o P . K la son , lose half the i r w a t e r w h e n 
confined over p h o s p h o r u s p e n t o x i d e . T h e sa l t dissolves spa r ing ly in cold w a t e r , 
a n d freely in h o t w a t e r , a n d i t c rys ta l l izes s lowly f rom t h e a q . soln. y ie ld ing a n 
i m p u r e p r o d u c t . * 

M. De la fon ta ine r e p o r t e d l i th ium tr imolybdate , L i 2 0 . 3 M o O 3 . 8 H 2 O , t o b e 
fo rmed b y boil ing a soln. of t h e acid m o l y b d a t e w i t h l i t h i u m c a r b o n a t e . T h e 
octohydrate furnishes t e t r a h e d r a l c rys t a l s—monoc l in i c or t r ic l inic . T h e sa l t is 
n o t d e c o m p o s e d b y fused s o d i u m c a r b o n a t e . F . E p h r a i m a n d M. B r a n d o b t a i n e d 
t h e heptahydrate b y e v a p o r a t i n g a s a t . soln. of t h e t e t r a m o l y b d a t e ; t h e m o l y b d i c 
ac id which first s e p a r a t e s is f i l tered off, a n d on e v a p o r a t i o n t h e l iqu id furn ishes 
ac icu la r c ry s t a l s w h i c h lose 4 mol s . of w a t e r a t 100°, a n d 6 mols . a t 145°. T h e s a l t 
is spa r ing ly soluble in cold w a t e r b u t m o r e soluble in h o t w a t e r . Gr. W e m p e 
o b t a i n e d t h e monohydrate b y e v a p o r a t i n g a soln. of 4 mo l s of l i t h i u m m o l y b d a t e 
a n d 6 mols of hyd roch lo r i c acid . H e also r e p o r t e d a tetrahydrate, a n d one w i t h 
r a t h e r m o r e w a t e r . F . H o e r m a n n found t h a t l i t h i u m t r i m o l y b d a t e h a s a n incon-
g r u e n t m . p . a t 549°-—Fig. 13 . 

L.. F . S v a n b e r g a n d H . S t r u v e o b t a i n e d s o d i u m tr imolybdate , N a 2 0 . 3 M o O 3 . 7 H 2 O , 
b y t r e a t i n g a cone . soln. of m o l y b d i c ac id a n d s o d i u m c a r b o n a t e w i t h cone , n i t r i c 
ac id , d r o p b y d r o p , a n d t h e s t r o n g l y ac id soln. g r a d u a l l y depos i t ed ac icu la r c rys t a l s 
of t h e heptahydrate w h e n a l lowed t o e v a p o r a t e s p o n t a n e o u s l y . F . Ul l ik o b t a i n e d 
t h e s a m e sa l t b y s p o n t a n e o u s l y e v a p o r a t i n g a soln. of a m o l of s o d i u m c a r b o n a t e , 
a n d 3 mol s of m o l y b d e n u m t r i o x i d e — H . S t r u v e used s o d i u m h y d r o x i d e i n s t e a d 
of t h e c a r b o n a t e . A. R o s e n h e i m sa id t h a t a soln. of t h e p a r a m o l y b d a t e furn ishes 
t h e t r i m o l y b d a t e w h e n h e a t e d a long t i m e ; a n d A. J u n i u s found t h a t if t h e e lec t ro ­
lysis , in t h e p r e p a r a t i o n of t h e p a r a m o l y b d a t e , is c o n t i n u e d a long t i m e , 
t h e t r i m o l y b d a t e is fo rmed . F . Ul l ik f o u n d t h a t t h e sa l t m e l t s a t a r e d - h e a t , a n d 
solidifies t o a c rys ta l l ine m a s s . F . H o e r m a n n , F i g . 14, f ound t h a t t h e sa l t h a s 
a n i n c o n g r u e n t m . p . a t 528° . E . GroschufT obse rved n o s ign of t h e f o r m a t i o n of 
a t r i m o l y b d a t e on t h e f .p . c u r v e , F i g . 14. Th i s is in h a r m o n y w i t h J J . F . S v a n b e r g 
a n d H . S t r u v e ' s , a n d F . Ul l ik ' s o b s e r v a t i o n s t h a t t h e sa l t is r e d u c e d t o b r o w n 
d iox ide b y h y d r o g e n , or b y z inc. F . Ul l ik obse rved t h a t t h e ac icu la r c ry s t a l s 
of t h e h e p t a h y d r a t e lose a b o u t 6 mol s . of w a t e r a t 100°, or a t 120°. F . Ul l ik found 
t h a t 100 g r m s . of a soln. s a t . a t 20° c o n t a i n 2*96 g r m s . of t h e a n h y d r o u s sa l t , a n d 
a t 100°, 45-86 g r m s . A . !Rosenheim f o u n d t h a t a t 30°, 100 g r m s . of a s a t . soln . 
c o n t a i n 13-68 g r m s . of N a 2 M o 3 O 8 . Acco rd ing t o F . Ull ik, a h o t cone . soln. of 
t h e h e p t a h y d r a t e on a glass p l a t e i n d r y a i r a t r o o m t e m p , fo rms a m o r p h o u s tetra-
hydrate. I t is easi ly a n d comple t e ly so luble in w a t e r . A. J u n i u s r e p o r t e d t h e 
henahydrate t o be p r e c i p i t a t e d w h e n t h e a n o d e l i quo r i n d i c a t e d a b o v e is t r e a t e d 
w i t h a lcohol ; h e a lso o b t a i n e d t h e enneahydrate in a s imi lar w a y , a n d G. W e m p e 
o b t a i n e d t h e e n n e a h y d r a t e f rom t h e m o t h e r - l i q u o r in t h e p r e p a r a t i o n of t h e 
t e t r a m o l y b d a t e , a n d he a lso o b t a i n e d hemidodecatrihydrate a s a c rys ta l l ine c r u s t 
w h e n p r e p a r i n g t h e t e t r a m o l y b d a t e . GL W e m p e g a v e for t h e e q . c o n d u c t i v i t y , 
A, of a n eq . of t h e s a l t i n v l i t res of w a t e r a t 20° , 
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v . . . " . . 1 0 2 0 4O 8O 1 6 0 

{ t e t r a h y d r a t e . . 6 4 - 7 7 2 - 5 80*0 8 0 - 0 9 6 - 6 

h e m i d o d e c a h y d r a t e . 6 3 - 7 7 5 - 2 8 5 - 6 9 5 - 2 , 1 0 5 - 9 
e n n e a h y d r a t e . . 7 6 0 9OO 1 0 4 0 1 1 2 0 1 3 1 - 2 

L . F . S v a n b e r g a n d H . S t r u v e , a n d G. W e m p e p r e p a r e d p o t a s s i u m tr imolybdate , 
K 2 0 . 3 M o O 3 . 3 H 2 O , b y s t i r r i ng t h e p a r a m o l y b d a t e for some d a y s w i t h cold w a t e r , 
a n d b y t r e a t i n g a soln . of m o l y b d i c ac id a n d p o t a s s i u m c a r b o n a t e w i t h n i t r i c ac id 
— H . S t r u v e u s e d p o t a s s i u m h y d r o x i d e . F . Ul l ik m e l t e d 2 mols of p o t a s s i u m 
c a r b o n a t e w i t h a m o l of m o l y b d e n u m t r i ox ide ; boi led t h e cold c a k e w i t h w a t e r , 
a n d a l lowed t h e soln. t o c rys ta l l i ze . As in t h e case of t h e sod ium sa l t , A . J u n i u s 
o b t a i n e d i t b y t h e p r o l o n g e d e lec t ro lys is of a soln. of p o t a s s i u m m o l y b d a t e ; a n d 
p r e c i p i t a t i n g t h e a n o d e l iqu id w i t h a lcohol . M. A m a d o r i ' s t h e r m a l ana lys i s 
shows t h a t t h e t r i m o l y b d a t e c a n ex i s t . G. J a n d e r a n d A. W i n k e l found t h e s a l t 
t o b e s t a b l e in t h e r a n g e [H*] = 10~~6*2 t o 1 0 ~ 4 ' 6 , a n d g a v e 0-35 for t h e diffusion coefE. 
of t h e a n i o n . G. J a n d e r desc r ibed t h e c o n d i t i o n s of s t a b i l i t y of t h e acid . F . H o e r -
m a n n , F i g . 14, found t h a t t h e s a l t m e l t s a t 571° . L». F . S v a n b e r g a n d H . S t r u v e , 
M. De la fon t a ine , F . Ull ik , a n d G. W e m p e f o u n d t h a t t h e ac icu la r c rys t a l s a r e s t ab le 
in a i r ; t h e y lose w a t e r c o m p l e t e l y a t 100° ; t h e y m e l t a t a r e d - h e a t , a n d fo rm a 
c rys ta l l ine m a s s o n cool ing ; w h e n h e a t e d in h y d r o g e n , m o l y b d e n u m d iox ide is 
fo rmed ; t h e d e h y d r a t e d s a l t expe l s 16-82 p e r cen t , of c a r b o n d iox ide f rom m o l t e n 
a lka l i c a r b o n a t e ; t h e sa l t is s p a r i n g l y so luble in cold w a t e r , a n d m o r e easi ly soluble 
in h o t w a t e r — b u t less so t h a n is t h e case w i t h t h e s o d i u m sa l t . G. W e m p e gave 
for t h e c o n d u c t i v i t y , A, of a n eq . of t h e sa l t in v l i t res of w a t e r a t 20° : 

v . . 2 0 4 0 8 0 16O 3 2 0 
A . . 9 1 - 8 1 0 4 - 4 124-O 1 3 6 - 6 1 5 3 - 6 

W . M u t h m a n n a n d W . N a g e l m e l t e d a m o l of r u b i d i u m c a r b o n a t e w i t h 3 mol s 
of m o l y b d e n u m t r i ox ide , d i sso lved t h e w h i t e c rys t a l l i ne m a s s in w a t e r , a n d 
e v a p o r a t e d t h e soln. ove r s u l p h u r i c ac id . W h i t e need les of t h e rnonohydrate of 
r u b i d i u m tr imolybdate , K b 2 0 . 3 M o O 3 . H 2 O , were fo rmed . Acco rd ing t o F . K p h f a i m 
a n d H . Herschf inke l , a n a q . soln. of r u b i d i u m p a r a m o l y b d a t e furnishes on 
e v a p o r a t i o n a c r o p of c r y s t a l s of 3 : 8 : 6 - m o l y b d a t e fol lowed b y t h e hemitridecahydrate 
of t h e t r i m o l y b d a t e . G. W e m p e o b t a i n e d t h e trihydrate b y e v a p o r a t i n g t h e aq . soln. 
on a glass p l a t e ; a n d if t h e soln . b e e v a p o r a t e d o n a g lass p l a t e a t 30° t o 35° , 
t h e d i m o l y b d a t e is f o r m e d . W . M u t h m a n n a n d W . N a g e l cou ld n o t p r e p a r e 
caes ium tr imolybdate , C s 2 0 . 3 M o O 3 . H 2 O , b y t h e p rocess u s e d for t h e r u b i d i u m 
sa l t , b u t F . E p h r a i m a n d H . Herschf inke l o b t a i n e d i t a s a w h i t e , a m o r p h o u s mass , 
b y e v a p o r a t i n g t h e m o t h e r - l i q u o r of t h e m o s t ac id caesium sa l t . I t is possible 
t h a t w h a t is h e r e ca l led t h e t r i m o l y b d a t e m a y b e t h e 3 : 10 : 3 - m o l y b d a t e . 

F . Ul l ik o b t a i n e d copper tr imolybdate , C u 0 . 3 M o 0 3 . 9 H 2 0 , f rom a boi l ing soln. 
of a mo l . of c o p p e r c a r b o n a t e a n d 4 mo l s of m o l y b d i c ac id , a n d a l lowing t h e n i t r a t e 
t o e v a p o r a t e s p o n t a n e o u s l y . T h e pa l e b lue masses of need les a r e spa r ing ly soluble 
in cold w a t e r a n d freely soluble in h o t w a t e r . If a n a q . soln. b e e v a p o r a t e d on a 
g lass p l a t e , a g reen i sh -b lue g u m m y m a s s , C u O . 3 M o O 3 . 6 J H 2 O , is fo rmed . F . Ull ik 
r e p o r t e d c a l c i u m tr imolybdate , C a 0 . 3 M o 0 3 . 6 H 2 0 , t o ~ b e fo rmed b y boil ing a n 
excess of m o l y b d i c ac id w i t h w a t e r h a v i n g ca l c ium c a r b o n a t e in suspens ion , a n d 
s p o n t a n e o u s l y e v a p o r a t i n g t h e c lear l iqu id . T h e i n t e r l a c e d needles a re spar ing ly 
soluble in cold w a t e r , a n d eas i ly so luble in h o t w a t e r . G. W e m p e r e p o r t e d w h a t 
h e r e g a r d e d a s h e m i h y d r a t e d n o r m a l s t r o n t i u m m o l y b d a t e , b u t h is ana ly t i ca l 
d a t a ag ree b e t t e r w i t h s t r o n t i u m tr imolybdate , S rO.3MoO 3 . J H 2 O . I t was o b t a i n e d 
b y e v a p o r a t i n g a soln . of t h e o c t o m o l y b d a t e t o d r y n e s s , a n d w a s h i n g t h e p r o d u c t 
w i t h cold w a t e r . T h e w h i t e a m o r p h o u s m a s s is s p a r i n g l y soluble in cold wa te r , 
b u t eas i ly so luble in h o t w a t e r . L.. F . S v a n b e r g a n d H . S t r u v e p r e p a r e d bar ium 
tr imolybdate , B a 0 . 3 M o 0 3 . 3 H 2 0 , a s a f locculent p r e c i p i t a t e b y a d d i n g b a r i u m 
ch lo r ide t o a soln. of p o t a s s i u m t r i m o l y b d a t e . T h e m o r e soluble sod ium sa l t 
c a n b e u sed . T h e s a l t loses i t s w a t e r w h e n h e a t e d ; i t m e l t s a t a r ed -hea t . The 
h y d r a t e is s l igh t ly so luble i n w a t e r . 



590 INORGANIC AND T H E O R E T I C A L CHEMISTRY 

F . UlHk obtained magnesium trimolybdate, MgO.3MoO3.10H2O, by 
s p o n t a n e o u s l y e v a p o r a t i n g a soln. of t h e n o r m a l m o l y b d a t c in a n excess of ace t i c 
ac id . T h e ac icu la r c ry s t a l s a r e spa r ing ly soluble in cold w a t e r , b u t freely soluble 
i n h o t w a t e r . F . Ul l ik o b t a i n e d a m a s s of ac icu la r c rys t a l s of z i n c tr imolybdate , 
Z n O . 3 M o O 3 . 1 0 H 2 O , b y s p o n t a n e o u s l y e v a p o r a t i n g t h e n i t r a t e f rom a soln . o b t a i n e d 
b y boi l ing a mol of zinc c a r b o n a t e w i t h 4 mo l s of m o l y b d e n u m t r i ox ide . T h e 
s a l t is spa r ing ly soluble in cold w a t e r , a n d freely soluble in h o t w a t e r . 
E . Manassewi t sch o b t a i n e d t h e t r i m o l y b d a t e b y doub l e decompos i t i on of h o t o r , 
cold soln. of s o d i u m t e t r a m o l y b d a t e a n d a z inc sa l t . A t 120°, t h e sa l t loses 4 mo l s . 
of w a t e r , a n d t h e r e s t a t 140°. 

F . Ul l ik p r e p a r e d CObaltous tr imolybdate , C o O . 3 M o O 3 . 1 0 H 2 O , b y boi l ing a 
soln. of a n excess of m o l y b d i c ac id w i t h c o b a l t c a r b o n a t e a n d s p o n t a n e o u s l y 
e v a p o r a t i n g t h e f i l tered l iqu id . T h e rose -co loured needles a r e s p a r i n g l y soluble 
in cold w a t e r , a n d freely soluble in h o t w a t e r . E . M a r c k w a l d o b t a i n e d s o d i u m 
CObaltous tr imolybdate , N a 2 0 . 2 C o O . 6 M o O 3 . 1 8 H 2 O , b y e v a p o r a t i n g t h e m o t h e r -
l iquor o b t a i n e d in t h e p r e p a r a t i o n of t h e 3 : 3 : 14 : 5 0 - p a r a m o l y b d a t e , o v e r 
s u l p h u r i c ac id . This sa l t m a y be a m i x t u r e N a 2 0 . 2 M o 0 3 + 2 ( C o O . 2 M o O 3 ) . 

E . M a r c k w a l d p r e p a r e d n i c k e l o u s tr imolybdate , N i O . 3 M o O 3 . 1 8 H 2 O , b y 
e v a p o r a t i n g a so ln . of eq . p r o p o r t i o n s of n icke lous ch lor ide a n d s o d i u m p a r a -
m o l y b d a t e . T h e g reen c rys t a l s a r e s p a r i n g l y soluble in cold w a t e r , a n d eas i ly 
soluble in. h o t w a t e r . 
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§ 13. The Tetra-, Penta-, Hexa- and Hepta-Molybdates 
Accord ing t o A. R o s e n h e i m a n d J . F e l i x , 1 t h e s a l t r e p r e s e n t e d b y N . J . J3erlin 

a s a m m o n i u m tetrarnolybdate, ( N H 4 ) 2 0 . 4 M o O 3 . 2 H 2 O , is p r o b a b l y t h e t r i m o l y b d a t e . 
T h e r e is a lso some u n c e r t a i n t y a b o u t t h e t e t r a r n o l y b d a t e r e p o r t e d b y F . W e s t p h a l , 
A . R o s e n h e i m , a n d D . A s c h t o be f o r m e d b y h e a t i n g t h e p a r a m o l y b d a t e for some 
d a y s a t 140° t o 150° ; a n d t h a t o b t a i n e d by IT. W e s t p h a l b y boi l ing a soln. of 
p a r a m o l y b d a t e , or b y h e a t i n g t h e p a r a m o l y b d a t e in a sea led t u b e a t 150° t o 
200° . Th i s p r o d u c t was a n h y d r o u s , a n d w a t e r is a n essent ia l c o n s t i t u e n t of t h e 
t e t r a r n o l y b d a t e w h i c h A. R o s e n h e i m a n d J . Fe l ix r e p r e s e n t b y t h e f o r m u l a 
( N H 4 ) 6 H 4 [ H 2 ( M o 2 0 7 ) 6 ] . 3 H 2 0 . P . K l a s o n g a v e 3 N H 3 . 6 M o 0 3 . 5 H 2 0 for t h e fo rmula 
of t h e s a l t , b u t his ana lys i s ag rees b e t t e r w i t h ( N H 4 J 2 M o 4 O 1 3 . 2 J H 2 O . P . lv lason 
p r e p a r e d t h i s sa l t b y t r e a t i n g a cold soln. of a m m o n i u m p a r a m o l y b d a t e w i t h t h e 
ca l cu l a t ed q u a n t i t y of h y d r o c h l o r i c ac id , c rys t a l l i za t ion begins in a b o u t 12 h r s . 
Gr. W e m p e , a n d F . W e s t p h a l u sed a s imi la r p rocess w i t h w a r m soln. ; a n d A. J u n i u s 
e lec t ro lyzed a soln. of 60 g r ins , of a m m o n i u m p a r a m o l y b d a t e in 350 c.c. of wa t e r , 
b y a c u r r e n t of 4 a m p . for 4 0 m i n . in a c o m p a r t m e n t cell . I n al l t h e s e cases, t h e 
soln. furnish c ry s t a l s of ( N H 4 ) 2 M o 4 0 1 3 . 2 £ H 2 0 . A . T r a v e r s a n d L . M a l a p r a d e 
s h o w e d t h a t t h e t e t r a m o l y b d a t e s a r e o b t a i n e d b y n e u t r a l i z i n g t h e ac id u n d e r con­
d i t i ons w h i c h l imi t t h e r eve r sa l of t h e r e a c t i o n b y hydro lys i s—v ide supra, mo lybd ic 
ac id . G. W e m p e s u p p o s e d t h a t t h e c rys t a l s a r e t r ic l in ic ; a n d 1OO g r m s . of a sa t . 
soln. , a t 15°, 18°, a n d 32° , c o n t a i n e d , r e spec t ive ly , 3-5200, 3-6711, a n d 4-5961 g r m s . of 
t h e h y d r a t e d sa l t ; a n d h a d t h e s p . gr . 1-03, 1-04, a n d 1-05, respec t ive ly . P . K l a s o n 
s a i d t h a t t h e soln. in w a t e r o v e r 35° is p a r t i a l l y d e c o m p o s e d i n t o t r i m o l y b d a t e . 
G. W e m p e g a v e for t h e c o n d u c t i v i t y , A, of a n eq . of t h e sa l t in 10, 20, a n d 40 l i t res 
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of w a t e r r espec t ive ly , A—73-2, 98-8, a n d 1 2 0 4 . T h e a q . soln. r e d d e n s m e t h y l - o r a n g e , 
a n d l i t m u s ; ac ids g ive n o p r e c i p i t a t e ; b a r i u m chlor ide , a w h i t e p r e c i p i t a t e ; 
m a g n e s i a m i x t u r e , a w h i t e p r e c i p i t a t e ; s t a n n o u s ch lor ide , a g r een p r e c i p i t a t e ; 
f e r rous s u l p h a t e , a b lu i sh -wh i t e p r e c i p i t a t e ; p o t a s s i u m fe r rocyan ide , a r e d d i s h -
b r o w n co lo ra t ion ; a n d s i lver n i t r a t e , a w h i t e , c u r d y p r e c i p i t a t e . Gr. C a n n e r i 
o b t a i n e d a series of c o m p l e x sa l t s typi f ied b y a m m o n i u m t e t r a h y d r o x y l a m i n o -
te tramolybdate , ( N H 4 ) 2 0 . 4 N H 2 O H . 4 M o 0 3 ; s o d i u m te t rahydroxy laminote t ra -
molybdate , N a 2 0 . 4 N H 2 O H . 4 M o 0 3 ; p o t a s s i u m te trahydroxy lami i io te tra -
molybdate , K 2 0 . 4 N H 2 O H . 4 M o 0 3 ; a n d m e t h y l a m i n e t e t rahydroxy laminote tra -
molybdate , ( C H 6 N 3 ) 2 ( 5 . 4 N H 2 O H . 4 M o O 3 — v i d e supra. 

F . E p h r a i m a n d M. B r a n d o b t a i n e d a m o r p h o u s l i t h i u m te tramolybdate , 
L i 2 M o 4 O 1 3 . 7 H 2 O , b y F . Ul l ik ' s m e t h o d for t h e s o d i u m sa l t ; b u t G. W e m p e 
cou ld n o t p r e p a r e t h i s sa l t . F . H o e r m a n n , F i g . 13, f o u n d t h a t t h e s a l t 
h a s a n i n c o n g r u e n t m . p . a t 568° . F . Ul l ik p r e p a r e d s o d i u m te tramolybdate , 
N a 2 0 . 4 M o O 3 . 5 J H 2 O , b y p u t t i n g d r o p s of a h o t , cone . soln. of t h e t r i m o l y b d a t e on 
a g lass p l a t e , a n d a l lowing i t t o e v a p o r a t e s p o n t a n e o u s l y . T h e hemilienahydrate 
a p p e a r s a s a t r a n s p a r e n t gum- l ike m a s s w h i c h can be k e p t u n c h a n g e d in a c losed 
vessel ; b u t in air , i t becomes o p a q u e a n d passes i n t o t h e t r i m o l y b d a t e . I t r e t a i n s 
2 mol s . of w a t e r a t 100°, a n d m e l t s t o a yel low l iqu id a t a r e d - h e a t ; t h e l iqu id fo rms 
a c rys ta l l ine m a s s w h e n cold. A t a h ighe r t e m p , m o l y b d e n u m t n o x i d e vola t i l izes . 
T h e sa l t is freely soluble in cold w a t e r , a n d w h e n t h e a q . soln. is s p o n t a n e o u s l y 
e v a p o r a t e d , i t depos i t s t h e t r i m o l y b d a t e . I t is o p e n t o q u e s t i o n w h e t h e r t h i s 
p r o d u c t is r ea l ly a chemica l i nd iv idua l . F . H o e r m a n n f o u n d t h a t t h e s a l t h a s a n 
i n c o n g r u e n t m . p . a t 515°—Fig . 14. S. J . D i a t s c h k o v s k y a n d A. V. D u m a n s k y 
o b t a i n e d a c o m p l e x N a 2 0 ( M o 0 3 ) 4 a n d found i t s c o n d u c t i v i t y a n d f .p. dep ress ions 
c o r r e s p o n d e d w i t h t h o s e o b t a i n e d b y t h e g r a d u a l a d d i t i o n of h y d r o c h l o r i c ac id 
t o soln. of s o d i u m m o l y b d a t e — v i d e supra, col loidal m o l y b d i c ac id . F . Ull ik , 
however , o b t a i n e d a c rys ta l l ine hexahydrate wh ich A. R o s e n h e i m a n d J . Fe l ix 
r e p r e s e n t e d b y N a 2 M o 4 O 1 3 . 6 H 2 O , or N a 6 H 4 [ H 2 ( M o 2 O y ) 6 . ] . 2 1 H 2 O . F . Ullik, a n d 
Gr. W e m p e o b t a i n e d i t b y t r e a t i n g a cone . soln. of n o r m a l s o d i u m m o l y b d a t e w i t h 
t h e t heo re t i c a l q u a n t i t y of hyd roch lo r i c ac id ; t h e p r e c i p i t a t e first f o r m e d red i s -
solves, a n d t h e l iqu id soon begins t o depos i t c r y s t a l s of t h e t e t r a m o l y b d a t e . 
F . Ul l ik o b t a i n e d th i s sa l t b y a d d i n g one or t w o mo l s of s o d i u m c a r b o n a t e t o a 
m o l of t h e o c t o m o l y b d a t e — A . R o s e n h e i m a n d J . F e l i x u s e d 2 mo l s of s o d i u m 
h y d r o x i d e . Gr. W e m p e o b t a i n e d t h e sa l t b y d o u b l e d e c o m p o s i t i o n w i t h s o d i u m 
s u l p h a t e a n d a m m o n i u m t e t r a m o l y b d a t e . A . R o s e n h e i m a n d J . F e l i x s a id t h a t 
t h e sa l t is a n octomolybdate, F . Ul l ik f o u n d t h a t t h e h e x a h y d r a t e cons i s t s of 
mic roscop ic c rys t a l s , w h i c h dissolve s lowly i n cold w a t e r a n d q u i c k l y in h o t w a t e r 
fo rming a pa l e ye l low soln. G. W e m p e sa id t h a t t h e s a l t cons i s t s of mas se s of 
needle- l ike c rys t a l s , a n d t h a t , w h e n s a t u r a t e d , 1OO c.c. of soln. a t 21° c o n t a i n 28*39 
g r m s . of t h e h e x a h y d r a t e , of sp . gr . 1-47. A. R o s e n h e i m a n d J . F e l i x g a v e for t h e 
c o n d u c t i v i t y , A, of a n eq . of N a 2 M o 4 O 1 3 . a q . in v l i t res of w a t e r a t 25° , 

t> . . 32 64 128 256 512 1024 
X . . 98-8 108-3 120-3 130-4 1450 162-8 mhos. 

L. F . S v a n b e r g a n d H . S t r u v e o b t a i n e d p o t a s s i u m te tramolybdate , K 2 O . 
4MoO 3 . ̂ U 2 O , f rom t h e l iqu id o b t a i n e d b y a d d i n g n i t r i c ac id t o a so ln . of m o l y b d i c 
ac id in p o t a s s i u m c a r b o n a t e . A . R o s e n h e i m s h o w e d t h a t i t is a h e p t a h y d r a t e , 
K 2 0 . 4 M o 0 3 . 7 H 2 0 , or , a s h e r e p r e s e n t e d i t , K 6 H 4 [ H 2 ( M o 2 0 7 ) 6 ] . 1 8 H 2 0 ; a n d h e 
found t h a t a cold soln. of a m o l of p o t a s s i u m c a r b o n a t e a n d 4 m o l s of m o l y b d i c 
ac id passes qu i ck ly i n t o one of t h e t r i m o l y b d a t e , p a r t i c u l a r l y w h e n w a r m ; a n d 
G. W e m p e a l w a y s o b t a i n e d t r i m o l y b d a t e f rom a soln . of m o l y b d i c ac id a n d s o d i u m 
c a r b o n a t e t r e a t e d w i t h t h e q u a n t i t y of h y d r o c h l o r i c ac id t h e o r e t i c a l l y r e q u i r e d t o 
f o r m t h e t e t r a m o l y b d a t e . M. A m a d o r i ' s t h e r m a l ana ly s i s s h o w s t h a t t h e t e t r a ­
m o l y b d a t e c a n ex i s t . A . !Rosenheim a n d J . F e l i x o b t a i n e d c r y s t a l s of t h e s a l t 
b y w a r m i n g for a few m i n u t e s a so ln . of s o d i u m o c t o m o l y b d a t e a n d p o t a s s i u m 
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ch lo r ide . T h e mic roc rys t a l l i ne p o w d e r of t h e h e p t a h y d r a t e r e t a i n s a m o l . of w a t e r 
a t 100°. I t is s p a r i n g l y so luble in cold w a t e r , a n d is d e c o m p o s e d b y boi l ing w a t e r 
w i t h t h e s e p a r a t i o n of t r i m o l y b d a t e . 

G. W e m p e p r e p a r e d r u b i d i u m tetramolybdate , R b 2 0 . 4 M o O 3 . 4 H 2 O , b y fil ter­
i n g a h o t soln . of r u b i d i u m c a r b o n a t e a n d a n excess of m o l y b d i c ac id , a n d r a p i d l y 
e v a p o r a t i n g t h e l iqu id . T h e tetrahydrate is a n a m o r p h o u s , w h i t e p o w d e r w h i c h 
is r e a d i l y soluble in cold w a t e r . G. W e m p e also o b t a i n e d c r y s t a l s of t h e 
a n h y d r o u s s a l t b y e v a p o r a t i n g o n t h e w a t e r - b a t h a soln. of r u b i d i u m p a r a m o l y b d a t e 
t r e a t e d w i t h t h e c a l c u l a t e d a m o u n t of h y d r o c h l o r i c ac id . If t h e c rys ta l l ine scales 
a r e rea l ly a n h y d r o u s , t h e f o r m u l a does n o t fit A . R o s e n h e i m ' s t h e o r y of t h e con­
s t i t u t i o n of t h e s e sa l t s . F . E p h r a i m a n d H . Herschf inke l , however , found t h a t t h e 
s a l t is a hemihydrate, R b 2 M o 4 O 1 3 ^ H 2 O , if o b t a i n e d f rom boil ing soln. ; a n d t h e 
m o t h e r - l i q u o r d e p o s i t s c r y s t a l s of t h e p a r a m o l y b d a t e , b u t if i t be t r e a t e d w i t h 
n i t r i c ac id of sp . g r . 1-20, a d d e d d r o p b y d r o p , t h e hemipeTitahydrate is fo rmed . 
W . M u t h m a n n a n d W . N a g e l o b t a i n e d caes ium te tramolybdate , Cs 2 0 .4MoO 4 , b y 
m e l t i n g a mo l of caesium c a r b o n a t e w i t h 3 mol s of m o l y b d e n u m t r iox ide , a n d 
boi l ing t h e cold m a s s r e p e a t e d l y w i t h w a t e r ; e v a p o r a t i o n over s u l p h u r i c ac id 
of t h e h o t e x t r a c t furnishes q u a d r a t i c p l a t e s of t h e dthydrate, C s 2 0 . 4 M o O 3 . 2 H 2 O . 
G. W e m p e o b t a i n e d a trihydrate, C s 2 0 . 4 M o O 3 . 3 H 2 ^ ? ° y e v a p o r a t i n g r a p i d l y on a 
glass p l a t e d r o p s of a h o t filtered soln. of caesium c a r b o n a t e a n d a n excess of m o l y b d i c 
ac id . 

G. W e m p e p r e p a r e d s i lver t e tramolybdate , A g 2 0 . 4 M o O 3 . 6 H 2 O , b y t r e a t i n g a 
h o t soln. of a m m o n i u m t e t r a m o l y b d a t e w i t h a n excess of a h o t soln. of si lver sul­
p h a t e . T h e -white, f locculent p r e c i p i t a t e is co lou red g r een w h e n h e a t e d , a n d i t 
m e l t s t o a l iqu id which , on cool ing, fo rms a ye l low c rys t a l l ine m a s s . I t is decom­
posed b y h o t w a t e r , w i t h t h e s e p a r a t i o n of m o l y b d e n u m t r i o x i d e . 

F . Ul l ik p r e p a r e d c a l c i u m te tramolybdate , C a M o 4 O 1 3 . 9 H 2 O , b y t h e ac t ion of 
m o l y b d i c ac id o n ca l c ium c a r b o n a t e s u s p e n d e d i n w a t e r . T h e c rys ta l l ine s a l t 
h a s n o t b e e n o b t a i n e d , o the rwi se t h e ca l c ium a n d s o d i u m sa l t s h a v e a n a l o g o u s 
p rope r t i e s . F . Ul l ik o b t a i n e d b a r i u m te tramolybdate , B a M o 4 O 1 3 . 5 H 2 O , b y t h e 
a c t i o n of h o t w a t e r on t h e o c t o h y d r a t e ; a n d A. R o s e n h e i m a n d J . Fe l ix , b y t h e 
a c t i o n of b a r i u m chlor ide o n a soln . of s o d i u m o c t o m o l y b d a t e , a n d w a r m i n g t h e 
c lear soln. T h e mic roc rys t a l l i ne p r e c i p i t a t e loses four-fifths of i t s w a t e r a t 120° 
in a g r e e m e n t w i t h t h e f o r m u l a B a 3 H 4 [ H 2 ( M o 2 O y ) 6 ] . 1 2 H 2 O . G. W e m p e o b t a i n e d 
BaMO 4 O 1 3 . 3 -5H 2 O, a s a n a m o r p h o u s p r e c i p i t a t e b y t h e a c t i o n of b a r i u m chlor ide 
o n a so ln . of s o d i u m t e t r a m o l y b d a t e . A . T r a v e r s a n d L . M a l a p r a d e o b t a i n e d 
B a O . 4 M o O 3 . 9 H 2 O , f rom soln . of b a r i u m m e t a t u n g s t a t e a n d t e t r a m o l y b d i c ac id 
a t 70°. G. W e m p e cou ld n o t p r e p a r e m a g n e s i u m te tramolybdate b y t h e ac t ion of 
m a g n e s i u m c a r b o n a t e on a n excess of a boi l ing soln. of m o l y b d i c a c i d — t h e p r o d u c t 
a p p e a r e d t o be t h e n o r m a l m o l y b d a t e . F . Ul l ik r e p o r t e d t h a t z i n c te tramolybdate , 
Z n M o 4 O 1 3 . 8 H 2 O , is f o r m e d a s in t h e case of t h e ca l c ium sa l t . 

G. Canneri obtained ammonium dimolybditotetramolybdate, 2(JSTH4J2O.Mo2O5. 
4MoO3.8H2O ; as well as sodium dimolybditotetramolybdate, Na2O1Mo2Og.4MoO3. 
10H2O ; and potassium dimolybditomolybdate, 2K2O-Mo2O5.4MoO3.5H2O. By 
r e d u c i n g a lka l i d i m o l y b d a t e s (q.v.)9 h e also p r e p a r e d l i t h i u m htypomolybditotetra-
molybdate, Li20.4MoO3 .MoO2 ; sodium hypomolybditotetramolybdate, Na2O. 
4MoO3-MoO2 ; sodium hy pomolybdit open tarn olybdate, ISTa20.5MoO3-MoO2 ; and 
potassium hypomolybditopen tarn olybdate, K20.5MoO3-MoO2 . By the action of 
h y d r o g e n ch lor ide n e a r 600° , c o m p o u n d s of t h e t y p e O : M o [ O . M o O 2 . 0 . M o O 2 . 
O . B . ] 2 , w h e r e R d e n o t e s N a or L i ; a n d O : M o ( O R ) [ O . ( M o O 2 . 0 ) 5 . R ] f where R 
d e n o t e s N a or K , were o b t a i n e d . 

F, Jean a reported ammonium pentamolybdate, 2(NH4)20.5Mo03.H20, to separate as 
an amorphous precipitate when a, Soiling soln. of ammonium molybdato is treated with 
ammonium chloride. This result has not been confirmed, and a similar remark applies 
to L. K. Svanberg and H. Struve's report of the formation of potassium pentamolybdate 
by the action of nitric acid on a soln. of molybdic acid in one of potassium carbonate. 
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Jj. F . S v a n b e r g a n d H . S t r u v e r e p o r t e d silver pentamolybdate, 2Ag 3 O-SMoO 8 , t o b e f o r m e d 
b y t r e a t i n g a so ln . of p o t a s s i u m t r i m o l y b d a t e w i t h s i lver n i t r a t e . T h e m a s s b a d a v a r i a b l e 
c o m p o s i t i o n , a n d w a s s o m e w h a t so luble i n w a t e r . A . J u n i u s cou ld n o t p r e p a r e i t ; a n d 
i t i s d o u b t f u l if i t is a c h e m i c a l i n d i v i d u a l . E . IMtt ler o b t a i n e d lead pentamolybdate, 
2 P b C S M o O 3 , b y a d d i n g a h o t , c o n e . so ln . of l e ad ch lo r ide t o a h o t , 6 p e r c e n t . so ln . of 
a m m o n i u m 5 : 1 2 - m o l y b d a t e so l o n g a s a n a d d i t i o n a l d r o p p r o d u c e d n o t u r b i d i t y . T h e 
ye l lowish-green , a m o r p h o u s p r o d u c t f o r m s b lu i sh -g reen , h e x a g o n a l or t r i g o n a l p r i s m s a t 
115°. T h e y a r e op t i ca l l y n e g a t i v e , in so lub le i n w a t e r ; so lub le i n n i t r i c a c i d ; so lub le i n 
h y d r o c h l o r i c ac id (1 : 80) ; a n d so lub le i n a so ln . of s o d i u m c a r b o n a t e , a n d t h e so ln . on 
s t a n d i n g d e p o s i t s b a s i c l e ad c a r b o n a t e , P b 3 ( O H ) 8 ( C O a ) 2 . 

ItI. Marckwald obtained ammonium eobaltous pentamolybdate, 9{2(NH 4 ) a0.5Mo0 8}-
5 { 2 C o 0 . 5 M o 0 8 } . 1 1 8 H a O , a s a r e d c rys t a l l i ne m a s s , b y e v a p o r a t i n g t h e f i l t ra te a f t e r 
bo i l ing a m i x e d so ln . of e q . p r o p o r t i o n s of e o b a l t o u s ch lo r ide a n d a m m o n i u m paramolyfa-
d a t e ; h e a l so o b t a i n e d r e d c r y s t a l s of 4 ( N H 4 ) 2 0 . 2 C o O 8 . 1 5 M o O 3 . 2 O H 2 O . 

F o r some h e x a m o l y b d a t e s , vide infra, d o d e c a m o l y b d a t e s . T h e a m m o n i u m 
h e x a m o l y b d a t e , 3 N H 3 . 6 M o O 3 . 5 H 2 O , of P . K l a s o n 3 w a s s h o w n p rev ious ly t o be 
m o r e p r o b a b l y a t e t r a m o l y b d a t e . P . K l a s o n also r e p o r t e d t h a t a s a m p l e of com­
merc ia l m o l y b d i c ac id w a s b e s t r e p r e s e n t e d b y N H 3 . 3 M o O 3 . J H 2 O , a n d i t is o b t a i n e d 
b y e v a p o r a t i n g a m i x t u r e of a m m o n i u m p a r a m o l y b d a t e w i t h a n excess of n i t r i c 
ac id . Th i s p r o d u c t — i f t h e s t a t e m e n t s a re c o r r e c t — c a n be r e g a r d e d a s a n h y d r o u s 
a m m o n i u m h e x a m o l y b d a t e , ( N H 4 ) 2 0 . 6 M o 0 3 . P . K l a s o n also r e p o r t e d w h a t h e 
r e g a r d e d as ammonium pentahydrotrimolybdate, ( N H 4 ) H 5 M o 3 O 1 2 , or N H 3 . 3 M o O 3 . 
3 H 2 O , b u t m a y b e also r e g a r d e d a s a pentahydrate, ( N H 4 ) 2 0 . 6 M o O 3 . 5 H 2 O . I t w a s 
o b t a i n e d b y a d d i n g t h e ca lcu la ted q u a n t i t y of 2V-HC1 t o a cold soln. of a m m o n i u m 
p a r a m o l y b d a t e , a n d crys ta l l iz ing. T h e needle- l ike c ry s t a l s lose 2 mols . of w a t e r 
over p h o s p h o r u s p e n t o x i d e a t o r d i n a r y t e m p . T h e y are spa r ing ly soluble in 
cold w a t e r , a n d m o r e soluble in h o t w a t e r — b u t w i t h p a r t i a l decompos i t i on . 
A. R o s e n h e i m r e g a r d e d t h e h e x a m o l y b d a t e s as h e x a h y d r o d o d e c a m o i y b d a t e s , 
e.g. ( N H 4 J 4 H 6 [ H 2 ( M o 2 O 7 J 6 ] . ^ H 2 O . G. J a n d e r a n d A. W i n k e l found t h e a lka l i 
h e x a m o l y b d a t e , K 6 [ H M o 6 O 2 3 ] , t o be s t ab l e in t h e r ange [H*] = 10~4*5 t o 1 0 ~ 1 0 ; 
a n d g a v e for t h e diffusion coeff. of t h e an ion , 0-28. G. J a n d e r descr ibed t h e con­
d i t ions of s t a b i l i t y of t h e ac id . Accord ing t o E . M a r c k w a l d , a soln. of s o d i u m 
di- or p a r a - m o l y b d a t e a n d n icke lous chlor ide gives p r i s m a t i c c rys t a l s of s o d i u m 
n icke lous h e x a m o l y b d a t e , N a 2 0 . 2 N i O . 6 M o O 3 , in p r i s m a t i c c rys t a l s wh ich dissolve 
w i t h o u t d e c o m p o s i t i o n in cold w a t e r , b u t a re d e c o m p o s e d b y h o t w a t e r . 

S. P o s t e r n a k p r e p a r e d a m m o n i u m hydroheptamolybdate , ( N H 4 O ) 3 M o O -
(O.MoO 2 J 6 O.MoO 2 (OH) , f rom a boi l ing soln. of a m m o n i u m m o l y b d a t e w i t h m o l y b d i c 
oxide ; and ammonium trihydroheptamolybdate, (NH4O)(HO)2MoO(O.Mo02)50. 
M o O 2 . O H . H 2 O , as a c rys ta l l ine c r u s t b y w a r m i n g a soln. of o r d i n a r y a m m o n i u m 
m o l y b d a t e on a w a t e r - b a t h . H e s u p p o s e d t h e a n h y d r o u s p a r a m o l y b d a t e (q.v.) t o 
be ( N H 4 O ) 3 M o ( O . M o 0 2 ) 5 O . M o O ( O N H 4 ) 3 . A . T r a v e r s a n d L.. M a l a p r a d e discussed 
t h e c o n s t i t u t i o n of t h e sa l t s of H 6 [ 7 M o 0 3 . 3 0 ] . 
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des Rubidiums und Cmsiums, Bern , 1907 ; F . E p h r a i m a n d H . Herschfinkel , Zeit. anorg. Chem., 
64. 266, 1909 ; A. T rave r s a n d L . Malaprade , Compt. Bend., 183. 292, 533, 1926 ; Bull. Soc. 
Chim., (4), 39. 1543, 1926 ; M. Amador i , Atti 1st. Veneto, 72. ii, 893, 1916 ; S. J . D ia t sohkovsky 
a n d A . V. D u m a n s k y , Joum. Buss. Bhys. Chem. Soc.f 58 . 630, 1926 ; Gr. Canner i , Gazz. Chim. 
Ital., 57 . 872, 1927 ; 60. 113, 1930 ; L . F . Svanberg a n d H . S t ruve , Svenska Akad. Handle 1. 9, 
1848 ; Joum. Brake. Chem., (1), 44. 257, 1848 ; Phil. Mag., (3), 3 3 . 409, 524, 1848, 

. * F . J e a n , Compt. Bend., 78 . 1436, 1 8 7 4 ; L . F . Svanbe rg a n d H . S t ruve , Svenska Akad. 



MOLYBDENUM 595 
Handl., 1. 9, 1848 ; Journ. prakt. Chem., (1), 44 . 257, 1848 ; Phil. Mag., (3), 33 . 409, 524, 1848 ; 
A. J u n i u s , Beitrdge zur Kenntnis der Molybdate, Berl in, 1905 ; Zeit. anorq. Chem,., 46 . 428, 1905 ; 
E . Di t t l e r , Zeit. Kryst., 5 3 . 167, 1914 ; E . Marokwald, Ueber die Molybdate des KobcdUj Nickels, 
Mangans, Eisens, Aluminiums, und Chrome, Berl in, 1895. 

3 P . K lason , Ber., 34. 153, 1901 ; A . Rosenheim, Zeit. arvorg. Chem., 96 . 139, 1916 ; E . Marok­
wald, Ueber die Molybdate des Kobalts, Nickels, Mangans, Eisens, Aluminiums, und Chroms, 
Berlin, 1895 : S. P o t e r n a k , Compt. Bend., 171. 1058, 1920 ; A . Trave r s a n d L». Ma lap rade , ib., 
183. 292, 533, 1926 ; Gr. J a n d e r a n d A. Winkel , Zeit. phys. Chem., 149. 97, 193O ; G. J a n d e r , 
Metallborse, 20 . 1855, 1930. 

§ 14. The Octo-, Ennea-, and Deca-Molybdates 
F . Myl ius x a d d e d t h e t h e o r e t i c a l q u a n t i t y of hydroch lo r i c , su lphur ic , or n i t r i c 

ac id t o a soln . of a m m o n i u m p a r a m o l y b d a t e , a n d o b t a i n e d colourless needles wh ich 
h e r e p r e s e n t e d b y t h e f o r m u l a ISTH3 .4MoO3 .6H2O9 or ( N H 4 ) 2 0 . 8 M o 0 3 . l l H 2 0 , b u t 
wh ich A. R o s e n h e i m r e g a r d e d a s a m m o n i u m oc tomolybdate , ( N H 4 ) 2 0 . 8 M o 0 3 . 
1 3 H 2 O , a n d A. R o s e n h e i m a n d J . F e l i x , a s ammonium heptahydrododeca molybdate, 
( N H 4 ) 3 H 7 [ H 2 ( M o O 7 ) 6 ] . 2 0 H 2 O . A. R o s e n h e i m o b t a i n e d his sa l t b y t h e ac t ion of 
s u l p h u r d iox ide on a m m o n i u m t e t r a m o l y b d a t e s u s p e n d e d in wa te r , a n d c rys ta l ­
l izing t h e soln. ove r s u l p h u r i c ac id . As i n d i c a t e d b y t h e formulae t h e r e a re 
differences of op in ion a s t o t h e w a t e r - c o n t e n t . F . Myl ius sa id t h a t w h e n t h e sa l t 
is w a r m e d t h e expu l s ion of t h e w a t e r is a t t e n d e d b y t h e loss of some a m m o n i a , a n d 
w h e n all t h e a m m o n i a is d r i v e n off, t h e p r o d u c t is g r een owing t o some r e d u c t i o n . 
T h e s a l t is s p a r i n g l y soluble i n cold w a t e r , a n d r a t h e r m o r e so luble in h o t w a t e r , 
a n d a t a b o u t 60°, a s a l t c o n t a i n i n g less w a t e r s lowly s e p a r a t e s . A. R o s e n h e i m 
sugges t ed t h a t t h i s is t h e heptaliydrate r e p o r t e d b y P . K l a s o n t o b e f o r m e d b y 
t r e a t i n g a w a r m soln. of t h e d e c a m o l y b d a t e w i t h a m m o n i u m chlor ide , a n d w h i c h 
P . K l a s o n r e g a r d e d a s 3 N H 3 . 1 2 M o 0 3 . 1 2 H 2 0 . F . Myl ius a d d e d t h a t t h e a q . soln. 
of a m m o n i u m o c t o m o l y b d a t e h a s a n ac id ic r e a c t i o n ; i t l i be ra t e s c a r b o n d iox ide 
f rom c a r b o n a t e s ; i t c o a g u l a t e s a l b u m e n ; a n d , un l ike n o r m a l m o l y b d a t e s , i t 
g ives n o p r e c i p i t a t e w i t h n i t r i c a c i d — t h e soln. , howeve r , g r a d u a l l y depos i t s a sa l t 
w i t h less a m m o n i a , or a h y d r a t e d m o l y b d e n u m t r i o x i d e . 

G. W e m p e o b t a i n e d l i t h i u m o c t o m o l y b d a t e , L i 2 0 . 8 M o O 3 . H H 2 O , f rom a cone, 
soln. of a m m o n i u m t e t r a m o l y b d a t e a n d a n excess of l i t h i u m s u l p h a t e . T h e t r a n s ­
p a r e n t need les a r e soluble in w a t e r , a n d w h e n s t r o n g l y h e a t e d , lose s o m e m o l y b d e n u m 
ox ide . F . E p h r a i m a n d M. B r a n d cou ld n o t m a k e t h i s sa l t . F . TJllik p r e p a r e d 
s o d i u m o c t o m o l y b d a t e , N a 2 0 . 8 M o O 3 . 1 7 H 2 O , b y m i x i n g a soln. of n o r m a l sod ium 
m o l y b d a t e w i t h t h e ca l cu l a t ed q u a n t i t y of hyd roch lo r i c ac id , a n d s p o n t a n e o u s l y 
e v a p o r a t i n g t h e c lear l iqu id . A. R o s e n h e i m a n d J . Fe l ix , a n d Gr. W e m p e employed 
a s imi la r m o d e of p r e p a r a t i o n . A. R o s e n h e i m a n d J . F e l i x also o b t a i n e d i t f rom 
a soln. of t h e n o r m a l m o l y b d a t e sa t . w i t h m o l y b d i c ac id ; a n d t h e y r ep re sen t ed 
i t b y t h e fo rmula N a 3 H 7 [ H 2 ( M o 2 0 7 ) 6 ] . 2 1 H 2 0 . S. J . D i a t s c h k o v s k y a n d 
A. V. D u m a n s k y p r e p a r e d t h e c o m p l e x N a 2 O ( M o O 3 ) 8 a n d found t h a t i t s conduc ­
t i v i t y a n d f.p. depress ion c o r r e s p o n d e d w i t h t hose o b t a i n e d b y a d d i n g hydroch lor ic 
ac id g r a d u a l l y t o a soln. of s o d i u m m o l y b d a t e w h e n colloidal pa r t i c l es a p p e a r — 
titde supra, col loidal m o l y b d i c ac id . Accord ing t o V. v o n Zepha rov i ch , t h e hepta-
decahydrate c rys ta l l izes in monocl in ic c rys ta l s w i th t h e axia l r a t i o s a : b : c 
= 1-975 : 1 : — , a n d j 8 = 9 6 ° 1 ' . T h e c rys ta l s a r e s t a b l e a t 0° , b u t a t r o o m t e m p . , 
i n air , t h e y lose w a t e r a n d d e c o m p o s e . T h e loss of w a t e r is c o m p l e t e d a t 160°—180°. 
T h e h e p t a d e c a h y d r a t e is r e a d i l y soluble in cold or h o t w a t e r , a n d crystal l izes 
u n c h a n g e d w h e n t h e a q . soln. is e v a p o r a t e d s p o n t a n e o u s l y ; b u t if t h e c rys ta l s 
h a v e lost w a t e r b y efflorescence, t h e sa l t becomes s p a r i n g l y soluble , a n d if washed 
w i t h w a t e r , s o d i u m d e c a m o l y b d a t e r e m a i n s . A. R o s e n h e i m a n d J . Fe l ix found 
t h e c o n d u c t i v i t y , A m h o s , of a n eq. of t h e sa l t in v l i t res of w a t e r a t 25° t o be : 

v . 10 32 64 128 256 512 1024 
A . 144-8 196*9 303-6 349-3 377-9 406-4 410-6 

T h e l a rge inc rease in t h e c o n d u c t i v i t y i n d i c a t e s t h a t a n ac id sa l t r ap id ly forms 
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h y d r o g e n ions w i t h inc reas ing d i lu t i on . T h e c h a n g e in t h e s p . c o n d u c t i v i t y , Kt 
of 25 c.c. of ^ i V - N a 2 M o 2 0 2 f t a t 25° , w h e n T ^ i V - N a O H is g r a d u a l l y a d d e d t o 25 c.c. 
of -2V-Na 2 Mo 8 O 2 B, is a s follows, w h e r e N a O H rep re sen t s t h e n u m b e r of mo l s of 
s o d i u m h y d r o x i d e a d d e d p e r m o l of N a 2 M o 8 O 2 S : 

N a O H . O 0-378 1-260 1-764 2-015 2-267 3-023 3-525 
K . . 0 0 4 7 0 8 0 0 4 4 1 8 0-03411 0 0 2 9 6 7 0 0 3 0 1 8 O 0 3 0 3 0 0 0 3 3 3 2 0 0 3 5 5 0 

This m e a n s t h a t w i t h t h e a d d i t i o n of a lka l i , t h e ac id is n e u t r a l i z e d a n d t h e con­
d u c t i v i t y dec reases , a n d w h e n a b o u t 2 mol s of a lka l i p e r m o l of sa l t h a v e b e e n 
a d d e d , s o d i u m t e t r a m o l y b d a t e is fo rmed , a n d t h e c o n d u c t i v i t y inc reases , owing 
t o t h e inc reas ing a l k a l i n i t y of t h e soln. A q . soln. of t h e o c t o m o l y b d a t e a r e a s 
u n s t a b l e as t h e solid sa l t , a n d a t t h e i r b . p . t h e l iqu id b e c o m e s t u r b i d owing t o t h e 
s e p a r a t i o n of d e c a m o l y b d a t e . Vide infra, t h e h e x a d e c a m o l y b d a t e s , for a 
po lymer i zed form. 

F . Ul l ik p r e p a r e d p o t a s s i u m oc tomolybdate , K 2 0 . 8 M o O 3 . 1 3 H 2 O , b y d isso lv ing 
p o t a s s i u m t r i m o l y b d a t e in a soln. of m o l y b d i c ac id ; t h e p r e c i p i t a t e d issolves w h e n 
t h e l iqu id is w a r m e d , a n d w h e n t h e filtered soln. is cooled, t h e sa l t s e p a r a t e s o u t 
in c rys t a l s . A. R o s e n h e i m , A. R o s e n h e i m a n d J . Fe l ix , a n d D . Asch o b t a i n e d i t 
b y pass ing s u l p h u r d iox ide i n t o a n aq . soln. of t h e t e t r a m o l y b d a t e , a n d c rys ta l l i z ing 
t h e l iqu id over su lphur i c ac id ; a n d G-. W e m p e , b y t h e a c t i o n of p o t a s s i u m s u l p h a t e 
on a h o t soln. of a m m o n i u m t e t r a m o l y b d a t e . I t is n o t fo rmed w h e n p o t a s s i u m 
m o l y b d a t e is t r e a t e d w i t h t h e ca l cu la t ed q u a n t i t y of hyd roch lo r i c ac id , because 
t h e t r i m o l y b d a t e is fo rmed i n s t e a d . Accord ing t o F . Ull ik, t h e p r i s m a t i c c ry s t a l s 
a r e d e c o m p o s e d b y w a t e r fo rming a spar ing ly-so lub le p o w d e r ; w h e n t h e sa l t is 
h e a t e d , w a t e r is g iven off, a n d a t a r e d - h e a t , t h e p r o d u c t fuses. G. W e m p e sa id 
t h a t t h e s a l t fo rms monoc l in ic needles , wh ich easi ly d issolve in w a r m w a t e r . These 
p r o p e r t i e s a s well a s t h e m o d e of p r e p a r a t i o n m a d e A. R o s e n h e i m d o u b t if 
G. W e m p e ' s s a l t is rea l ly t h e o c t o m o l y b d a t e . A. R o s e n h e i m a n d J . F e l i x r e g a r d e d 
i t a s potassium heptahydrododecamolybdate, K 3 H 7 [ H 2 ( M o 2 O y ) 6 ] . 1 5 H 2 O . Gr. W e m p e 
r e p o r t e d r u b i d i u m oc tomolybdate , R b 2 O - B M o O 3 ^ H 2 O , t o b e fo rmed a s in t h e case 
of t h e p o t a s s i u m s a l t ; a n d t h e needle- l ike c rys t a l s a r e sa id t o b e p r o b a b l y m o n o -
clinic. T h e y effloresce in a i r ; a n d a r e spa r ing ly soluble in cold w a t e r , a n d r ead i l y 
so luble i n h o t w a t e r . T h e co r re spond ing caes ium o c t o m o l y b d a t e h a s n o t been 
p r e p a r e d . 

Acco rd ing t o F . Ull ik , c a l c i u m oc tomolybdate , C a M o 8 O 2 5 . 1 8 H 2 O — A . R o s e n h e i m 
a n d J . F e l i x g a v e ( £ C a ) 3 H 7 [ H 2 ( M o 2 0 7 ) 6 ] . 2 2 H 2 0 — i s fo rmed b y t h e ac t i on of t h e 
ca l cu l a t ed q u a n t i t y of hyd roch lo r i c ac id o n n o r m a l ca lc ium m o l y b d a t e , a n d a l lowing 
t h e l iqu id t o e v a p o r a t e s p o n t a n e o u s l y . A. R o s e n h e i m a n d J . F e l i x o b t a i n e d i t in 
a s imi lar m a n n e r . T h e smal l , p r i s m a t i c c rys t a l s a r e v e r y s imi la r t o t h o s e of t h e 
o t h e r o c t o m o l y b d a t e s . T h e s a l t g ives off w a t e r w h e n h e a t e d , a n d t h e r e s idue beg ins 
t o fuse a t a r e d - h e a t . T h e s a l t is a l m o s t inso luble in cold w a t e r , b u t in h o t w a t e r 
i t is soluble . Gr. W e m p e r e p r e s e n t e d t h e a m o r p h o u s sa l t o b t a i n e d b y m i x i n g 
soln. of eq. q u a n t i t i e s of s o d i u m t e t r a m o l y b d a t e a n d ca l c ium chlor ide , b y t h e 
formula C a M o 8 O 2 5 . 1 7 H 2 0 . H e a lso o b t a i n e d w h a t he r e g a r d e d a s s t r o n t i u m 
oc tomolybdate , S r M o 8 O 2 5 . 7 H 2 O — a l t h o u g h his d a t a agree b e t t e r w i t h S r M o 1 0 O 3 1 . 
1 2 H 2 O — b y t h e a c t i o n of s t r o n t i u m ch lor ide soln . o n one of a m m o n i u m t e t r a ­
m o l y b d a t e . T h e ac icu la r c rys t a l s a r e monoc l in ic or t r ic l in ic . F . Ul l ik p r e p a r e d 
b a r i u m oc tomolybdate , B a M o 8 O 2 5 . 1 8 H 2 O — A . R o s e n h e i m a n d J . F e l i x g a v e t h e 
f o r m u l a ( J B a ) 3 H 7 [ H 2 ( M o 2 O 7 ) 6 ] . 2 2 H 2 O — b y t h e a c t i o n of a w a r m soln. of m o l y b d i c 
ac id o n b a r i u m c a r b o n a t e ; b y t h e a c t i o n of a m o l of b a r i u m ch lor ide on a soln. of 
a m o l of s o d i u m o c t o m o l y b d a t e ; a n d b y p o u r i n g a soln. of b a r i u m chlor ide i n t o a n 
a q . so ln . of m o l y b d i c acid . T h e fi l tered soln . is e v a p o r a t e d for c rys t a l l i za t ion . 
A. R o s e n h e i m a n d J . F e l i x o b t a i n e d i t b y t h e a c t i o n of 1-75 mols of h y d r o c h l o r i c a c id 
o n a m o l of n o r m a l b a r i u m m o l y b d a t e s u s p e n d e d in w a t e r ; t h e soln . c rys ta l l i zed a t 
o r d i n a r y t e m p . T h e p r i s m a t i c c rys t a l s d e c o m p o s e w i t h t h e loss of w a t e r w h e n 
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h e a t e d , a n d t h e res idue m e l t s a t a dul l r ed -hea t . T h e sa l t is spa r ing ly soluble in 
cold w a t e r , a n d is d e c o m p o s e d i n t o t h e t e t r a m o l y b d a t e b y h o t w a t e r . Gr. W e m p e 
o b t a i n e d a n a m o r p h o u s p o w d e r as a p rec ip i t a t e on t r e a t i n g a m m o n i u m t e t r a ­
m o l y b d a t e w i t h b a r i u m chlor ide ; he r ep resen ted i t b y t h e formula BaMo 8 O 2 S- 1 5 H 2 O , 
a n d said t h a t i t is soluble in cold or h o t wa te r . G. W e m p e ' s idea of t h i s c o m p o u n d 
does n o t agree w i t h t h e obse rva t i ons of F . Ullik. 

F . Ul l ik p r e p a r e d m a g n e s i u m octomolybdate , M g M o 8 O 2 5 . 2 0 H 2 O , a s in t h e case 
of t h e s o d i u m sal t , b y m i x i n g a mol of n o r m a l m a g n e s i u m m o l y b d a t e w i th 1-75 mols 
of hydroch lo r i c acid . Gr. W e m p e o b t a i n e d i t b y t h e ac t ion of m a g n e s i u m s u l p h a t e 
on a soln. of a m o l y b d a t e , a n d r e p r e s e n t e d i t b y t h e fo rmula M g M o 8 0 2 5 . 2 1 H 2 0 . 
V. v o n Zepha rov ich sa id t h a t t h e p r i s m a t i c c rys ta l s a re p r o b a b l y t r icl inic . T h e 
sa l t effloresces in a i r ; i t is d e h y d r a t e d b y h e a t ; i t m e l t s a t a r ed -hea t ; dissolves 
in cold wa te r , a n d resembles t h e o t h e r o c t o m o l y b d a t e s in general p roper t i e s . 
Gr. W e m p e also r e p o r t e d z inc oc tomolybdate , Z n M o 8 O 2 5 . 1 5 H 2 O , t o be formed as in 
t h e ana logous case of m a g n e s i u m o c t o m o l y b d a t e ; a n d s imi lar ly also wi th c a d m i u m 
octomolybdate, CdMo8O25 .7H2O. 

A. Tjancien o b t a i n e d a n h y d r o u s u r a n y l oc tomolybdate , UO 3 . 8MoO 3 , b y 
t h e act ion of sun l igh t on t h e p a r a m o l y b d a t e (q.v.) ; a n d t h e tridecahydrate, 
XJ O 3 . 8MoO 3 . 13H 2 O, is o b t a i n e d as p r i s m a t i c needles w h e n a m m o n i u m p a r a ­
m o l y b d a t e is p r e c i p i t a t e d b y u r a n i u m n i t r a t e a n d t h e p r o d u c t t r e a t e d w i t h excess 
of ace t ic acid ; t h e s u b s t a n c e o b t a i n e d is e x t r e m e l y sens i t ive t o l ight . H e m e a s u r e d 
t h e r a t e of change of t h i s s u b s t a n c e w h e n exposed t o l igh t of va r ious wave- l eng ths . 

A. M e i n h a r d o b t a i n e d well-defined sa l t s of q u a d r i v a l e n t m a n g a n e s e b y t h e 
ac t ion of p o t a s s i u m f l u o p e r m a n g a n i t e o n a p a r a m o l y b d a t e . T h u s , t he r e were 
produced potassium permanganous octomolybdate, 3K2O-MnO2 .8MoO3JH2O, 
and ammonium permanganous octomolybdate, 3(NH4)2O.Mn02 .8Mo03 .7JH2oT 

L . F . S v a n b e r g ar id H . S t r u v o 2 t r e a t e d b a r i u m m o l y b d a t e -with d i l . n i t r i c ac id a n d 
o b t a i n e d f rom trie l i qu id s ix - s ided p r i s m s of barium enneamolybdate, B a O . 9 M o O 3 . 4 H 2 O . 
T h e s a l t is i n so lub le in cold or b o t w a t e r , o r i n w a t e r a c i d u l a t e d wi t l i n i t r i c ac id ; a n d i t is 
i n c o m p l e t e l y d e c o m p o s e d b y s u l p h u r i c ac id , o r b y a m i x t u r e of s u l p h u r i c ac id w i t h n i t r i c 
or hydrochloric acid. R. D . Hall reported potassium percobaltic enneamolybdate, 
3 K a O . C o O 2 . 9 M o O 3 . 0 j [ H 2 O , t o b e o b t a i n e d b y bo i l i ng a so ln . of c o b a l t o u s s u l p h a t e a n d 
p o t a s s i u m p a r a m o l y b d a t e w i t h po tass iur r i p e r s u l p h a t e . E . M a r c k w a l d p r e p a r e d ammonium 
nickelous enneamolybdate, ( N H 4 ) 2 0 . 3 N i O . 9 M o O 3 . 2 5 H 2 O , f rom t h e m o t h e r - l i q u o r of t h e 
C> : 3 : 16 : 29 s a l t . K . JD. H a l l r e p o r t e d potassium pernickellc enneamolybdate, 3 K 2 O - N i O 2 . 
9 M o O 3 - G i H 2 O , t o b e f o r m e d b y boi l ing a m i x e d so ln . of po tass ium, p a r a m o l y b d a t e a n d 
n i c ke lous s u l p h a t e w i t h p o t a s s i u m p e r s u l p h a t e . A bo i l ing so ln . of a m m o n i u m m o l y b d a t e , 
n i c ke lous s u l p h a t e a n d p o t a s s i u m p e r s u l p h a t e fu rn i shes d a r k p u r p l e c r y s t a l s of ammonium 
pernickellc enneamolybdate ; a n d b y a d d i n g b a r i u m ch lo r ide t o a so ln . of t h i s sa l t , barium 
pernickellc enneamolybdate, 3BaO.NiO2 .9MoO3 .12H2O, is formed. 

P . K l a s o n 3 p r e p a r e d a m m o n i u m decamolybdate , which he r e p r e s e n t e d b y t h e 
fo rmula 3 N H 3 . 1 2 M o O 3 . 1 2 H 2 O + M o O 3 . 8 H 2 0 > b u t which c a n be b e t t e r r ep resen ted 
b y ( N H 4 ) 2 0 . 1 0 M o O 3 . 1 3 H 2 O . H e o b t a i n e d th i s sa l t f rom a soln. of a m m o n i u m 
p a r a m o l y b d a t e m i x e d "with t h e ca lcu la t ed q u a n t i t y of JV-HCl. A. R o s e n h e i m a n d 
J . !Felix w i t h t h e s a m e m o d e of p r e p a r a t i o n o b t a i n e d t h e enneadecahydrate. The 
w h i t e p o w d e r cons is t s of microscopic p r i sms which dissolve freely in h o t w a t e r . The 
sa l t c a n be c rys ta l l ized u n c h a n g e d from i ts aq . soln. e v a p o r a t e d a t o r d i n a r y t e m p . If 
a la rge p o r p o r t i o n of t h e sa l t is w a r m e d w i t h a l i t t le w a t e r , i t g r a d u a l l y forms t he 
trihydrate. T h e t r i h y d r a t e is also p r o d u c e d w h e n a soln. of t h e n o r m a l sa l t is 
h e a t e d w i t h t h e necessa ry a m o u n t of hydroch lo r i c ac id in a closed vessel a t 40°, 
a n d l ikewise b y d e h y d r a t i o n of t h e e n n e a d e c a h y d r a t e over p h o s p h o r u s pen tox ide . 
T h e s ix-sided p r i sms of t h e t r i h y d r a t e a re spa r ing ly soluble in wa te r . The solid 
p h a s e of t h e e n n e a d e c a h y d r a t e in c o n t a c t w i t h w a t e r for 20 h r s . is all t r i h y d r a t e . 
T h e so lubi l i ty of t h e t r i h y d r a t e a t 25° is 0-33 p e r cent . , a n d a t 100° is 0-447 per 
cen t , of ( N H 4 J 2 M o 1 0 O 3 1 . T h e low p r o p o r t i o n of w a t e r of c rys ta l l iza t ion found b y 
P . K l a s o n shows t h a t his s a l t h a d been p a r t i a l l y t r a n s f o r m e d i n t o t h e t r i h y d r a t e . 
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T h e t r a n s f o r m a t i o n of t h e e n n e a d e c a h y d r a t e is s h o w n b y i t s dec reas ing so lubi l i ty , 
S, p e r cen t . ( N H 4 J 2 M o 1 0 O 3 1 , w h e n t h e a q . soln . is k e p t a t 25° . 

Time 6 16 20 30 40 hrs . 
Ŝ . 6 0 1 2*30 0-33 0-33 0-38 per cent. 

F . Ul l ik o b t a i n e d s o d i u m decamolybdate , N a 2 0 . 1 0 M o O 3 . 2 1 ( o r 2 2 ) H a O , f rom a 
soln. of s o d i u m t r i m o l y b d a t e o r c a r b o n a t e in t h e ca l cu l a t ed q u a n t i t y of m o l y b d i c 
ac id ; a n d A. R o s e n h e i m a n d J . Fe l ix , b y t r e a t i n g a n ice-cold, cone . soln. of n o r m a l 
s o d i u m m o l y b d a t e w i t h m o r e t h a n t h e ca lcu la ted q u a n t i t y of hyd roch lo r i c ac id , 
a n d e v a p o r a t i n g over s u l p h u r i c ac id . F . Ul l ik found t h a t t h e henicosihydrate 
furnishes p r i s m a t i c c ry s t a l s w h i c h V. v o n Z e p h a r o v i c h r e g a r d e d a s monoc l in i c 
w i t h t h e ax i a l r a t i o s a : b : c = l -840 : 1 : — , a n d £ = 9 3 ° 32-5 ' . W h e n k e p t for 
s o m e t i m e , t h e c rys t a l s b e c o m e t u r b i d a n d wax- l ike . T h e c rys t a l s d issolve s lowly 
b u t cop ious ly in w a t e r , a n d t h e y c a n b e r ecovered f rom t h e soln. u n c h a n g e d . 
F . Ul l ik o b t a i n e d t h e dodecahydrate b y e v a p o r a t i n g on a w a t e r - b a t h t h e c lear l iqu id 
f rom a soln. of n o r m a l s o d i u m m o l y b d a t e m i x e d w i t h t h e t h e o r e t i c a l q u a n t i t y of 
hyd roch lo r i c ac id . T h e w h i t e c rys ta l l ine p o w d e r is d r i ed b e t w e e n b i b u l o u s p a p e r ; 
i t is spa r ing ly soluble in wa t e r . A. R o s e n h e i m a n d I . D a v i d s o h n p r e p a r e d t h e 
h e p t a h y d r a t e , b u t A. R o s e n h e i m a n d J . Fe l i x showed t h a t i t is p r o b a b l y t h e 
hexahydrate, N a 2 M o 1 0 O 3 1 - G H 2 O . I t was o b t a i n e d b y t h e p ro longed h e a t i n g i n a 
c losed vessel a t 40° of a soln. of a mol of s o d i u m m o l y b d a t e a n d 2 mols of h y d r o c h l o r i c 
or n i t r i c ac id ; A. R o s e n h e i m a n d J . Fe l ix also o b t a i n e d i t b y boi l ing a soln. of t h e 
h e n a c o s i h y d r a t e . T h e sa l t s e p a r a t e s in microscopic , s ix-s ided p r i sms , w h i c h a r e 
on ly s p a r i n g l y soluble in cold or h o t w a t e r ; a s a t . soln. a t 100° c o n t a i n s 0-842 p e r 
c e n t . N a 2 M o 1 0 O 3 1 . T h e d o d e c a h y d r a t e of F . Ul l ik m a y b e t h e p a r t i a l l y d e h y d r a t e d 
h e n a c o s i h y d r a t e . 

Acco rd ing t o A. R o s e n h e i m a n d I . D a v i d s o h n , a n d A. R o s e n h e i m a n d J . F e l i x , 
w h e n a soln. of a mo l of n o r m a l p o t a s s i u m m o l y b d a t e a n d 2 mols of h y d r o c h l o r i c 
ac id is h e a t e d for a long t i m e in a closed vessel a t 40°, a mic roc rys t a l l i ne p o w d e r 
of p o t a s s i u m decamolybdate , K 2 0 . 1 0 M o O 3 . 9 H 2 O , s e p a r a t e s ou t . T h e envieahydrate 
is spa r ing ly soluble in w a t e r ; a t 100°, t h e soln. c o n t a i n s 0*682 p e r cen t , of 
K 2 M o 1 0 O 3 1 . If a cold, cone . a q . soln. of n o r m a l p o t a s s i u m m o l y b d a t e b e m i x e d 
w i t h a n eq . a m o u n t of hydroch lo r i c acid , i t depos i t s mic roscop ic s ix-s ided p r i s m s 
of t h e pentadecaJiydrale, wh ich is fair ly soluble in cold w a t e r . If t h e soln. b e w a r m , 
t h e less soluble e n n e a h y d r a t e is fo rmed. T h e fac ts d o n o t jus t i fy t h e a s s u m p t i o n 
sugges ted b y A. R o s e n h e i m a n d J . Fe l ix t h a t t h e easi ly- a n d t h e spa r ing ly -so lub le 
fo rms a re po lymer i c ; t h e y a re exp la ined b y t h e ex i s t ence of h y d r a t e s of different 
solubi l i t ies . 

T h e indiv idual i ty of F . E p h r a i m and H . Herschfinkel's rubidium henamolybdate, 
R b a O , l IMoO 3 .5 -5H 2 0» obta ined from mix tures of rubidium t e t r a m o l y b d a t e a n d nitric 
acid, h a s n o t been establ i shed ; s imilar remarks apply t o their rubidium tridecamolybdate, 
K b aO. 13MoO3 . 4 H a O. 

F . P a r m e n t i e r r e p o r t e d c ry s t a l s of p o t a s s i u m a l u m i n i u m d e c a m o l y b d a t e , 
2 K 2 C A l 2 O 3 - I O M o O 3 - I d H 2 O , t o b e f o r m e d b y h e a t i n g a l u m i n i u m h y d r o x i d e w i t h 
p o t a s s i u m d i m o l y b d a t e in a sealed t u b e a t 150°. A. M e i n h a r d p r e p a r e d s o d i u m 
cer idecamolybdate , 4 N a 2 O . C e O 2 . I G M o O 3 . 5 H 2 O ; guani f l in ium thor idecamolybdate , 
4(CN 8 Ho) 2 O-ThO 2 - IOMoO 3 ; a n d a m m o n i u m m a n g a n o u s d e c a m o l y b d a t e , 
3 ( N H 4 ) 2 0 . 2 M n O . 1 0 M o O 3 . 1 4 H 2 O , b y t h e a c t i o n of a m a n g a n o u s s a l t on 
a m m o n i u m p a r a m o l y b d a t e . 

D . N . ArtemeefT, a n d M. K . E l i a s chev i t s ch desc r ibed t h e r h o m b i c , p r i s m a t i c 
c r y s t a l s of a m m o n i u m cobalt ic decamolybdate , 3 ( N H 4 ) 2 O . C o 2 0 3 . 1 0 M o 0 3 . 1 0 H 2 0 ; 
a n d of t h o s e of po tass ium cobalt ic decamolybdate , 3 K 2 O . C o 2 6 3 . 1 0 M o O 3 . 1 0 H 2 O . 
E . M a r c k w a l d o b t a i n e d a m m o n i u m n i c k e l o u s decamolybdate , 3(2STH4)20.2NiO. 
1 0 M o O 3 . 1 4 H 2 O , b y m i x i n g a h o t soln. of a m m o n i u m p a r a m o l y b d a t e a n d n icke lous 
ch lo r ide , a n d , a f ter t h e n icke lous m o l y b d a t e h a s s e p a r a t e d , e v a p o r a t i n g ove r 
s u l p h u r i c ac id . 
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§ 15. The Dodeca-, and Higher Molybdates 
G. J a n d e r a n d A. W i n k e l 1 found t h e r a n g e of s t a b i l i t y of s o d i u m d o d e c a m o l y b ­

date , N a 3 ( H 7 M o 1 2 O 4 1 ) . a q . , t o c o r r e s p o n d w i t h [H*] = 1 0 _ 1 5 t o 1 0 ~ ° ' 9 ; a n d t h e y 
g a v e 0-20 for t h e diffusion coefl. of t h e a n i o n . Gr. W e m p e t r e a t e d a soln. of 
a m m o n i u m t e t r a m o l y h d a t e w i t h ca l c ium chlor ide in eq. p r o p o r t i o n s , a n d e v a p o r a t e d 
t h e l iqu id on a w a t e r - b a t h . T h e r e s u l t i n g monoc l in ic or t r ic l in ic p r i sms were 
r e g a r d e d as c a l c i u m dodecamolybdate , C a M o 1 2 O 3 7 ^ S H 2 O . T h e c rys t a l s effloresce 
in a i r ; t h e y a r e a l m o s t insoluble in cold w a t e r , b u t r ead i ly soluble in h o t w a t e r . 

K. D. Hall prepared crystals of ammonium aluminium dodecamolybdate, 
3 ( N H 4 ) 2 0 . A l 2 O 3 . 12MoO 3 . 19H 2 O, or ( N H 4 J 3 A l ( M o 2 O 7 ) 3 . 9 £ H 2 0 , b y boi l ing 1OO g r m s . 
of a m m o n i u m p a r a m o l y b d a t e w i t h 3 3 g r m s . of a l u m i n i u m s u l p h a t e in 1-5 l i t res of 
w a t e r , a n d cool ing t h e h o t l iqu id . H . S t r u v e r e g a r d e d i t a s a d e c a h y d r a t e . T h e 
sa l t w a s also p r e p a r e d b y E . M a r c k w a l d . A t t e m p t s b y A. R o s e n h e i m a n d 
H . Schwer t o resolve t h e a m m o n i u m s t r y c h n i n e sa l t i n t o op t i ca l i somer ides failed. 
T h e electr ical c o n d u c t i v i t y , A, of | ( N H 4 ) 3 H 6 [ A l ( M o O 4 J 6 ] . 7 H 2 O , hi v l i t res of wa te r , 
a t 25° , is : 

v . . 32 64 128 256 512 1024 
A . . 100-56 108-5 1 1 6 0 122-9 132-8 143-3 

J . GL Gen te le p r e p a r e d s o d i u m a l u m i n i u m dodecamolybdate , Na 3 Al(Mo 2 O 7 Xs-HH 2 O, 
b y t r e a t i n g a soln . of p o t a s h - a l u m w i t h s o d i u m m o l y b d a t e in excess . T h e needle-
l ike c rys t a l s a r e eas i ly so luble in w a t e r ; t h e y effloresce in a i r ; a n d lose a b o u t 
half t h e i r w a t e r of c ry s t a l l i z a t i on over s u l p h u r i c ac id . T h e sa l t m e l t s w h e n hea ted , 
a n d t h e cold c rys t a l l ine m a s s d issolves s lowly in hyd roch lo r i c ac id . H . S t r u v e 
bo i led f r e sh ly -p rec ip i t a t ed a l u m i n i u m h y d r o x i d e for m a n y h o u r s wi th a soln. of 
p o t a s s i u m t r i m o l y b d a t e , r ep l ac ing w a t e r as i t e v a p o r a t e s . T h e h o t l iquid is 
filtered a n d cooled for t h e c ry s t a l s of p o t a s s i u m a l u m i n i u m dodecamolybdate , 
3 K 2 O - A I g O 3 . 1 2 M o 0 3 . 2 0 H 2 0 , or K 3 A l ( M o 2 O 7 ) 3 . 1 0 H 2 O . T h e s a m e sa l t was ob t a ined 
b y t r e a t i n g a soln. of p o t a s h - a l u m w i t h a n o r m a l m o l y b d a t e — s a y , m a g n e s i u m 
m o l y b d a t e ; a n d R . D . H a l l a lso o b t a i n e d i t b y t h e ac t ion of a l u m i n i u m s u l p h a t e 
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or p o t a s h - a l u m on a m o l y b d a t e . H . S t r u v e sa id t h a t t h e h o t soln. fu rn i shes four-
s ided p l a t e s on cooling. T h e c rys t a l s a r e s t ab l e in a i r ; 100 p a r t s of w a t e r a t 17° 
dissolve 0-025 p a r t of t h e sa l t . T h e or ig ina l s a l t c a n be o b t a i n e d b y c rys t a l l i za t ion 
f rom t h e aq . soln. T h e sa l t m e l t s a t a r e d - h e a t , a n d w h e n cold, t h e m a s s is spa r ing ly 
soluble in w a t e r a n d ac ids . A. R o s e n h e i m a n d H . Schwer d iscussed t h e h y p o t h e s e s 
a s t o the i r c o n s t i t u t i o n (i) t h a t t h e y a r e c o n s t i t u t e d R 3 [Al(Mo 2O 7J 3J 1WH 2O, o r 
R 3 [Al (H 2 0) 2 (Mo 2 0 7 ) 3 ] . ( ?&—2)H 2 0 ; or (ii) t h a t t h e y a re de r iva t i ve s of t h e n o n a v a l e n t 
(A10 6 ) - radicle . T h e w a y t h e p o t a s s i u m sa l t loses w a t e r , w h e n i t is h e a t e d , agrees 
w i th t h e h y p o t h e s e s t h a t t h e p o t a s s i u m sa l t is c o n s t i t u t e d in a c c o r d w i t h 
K 3 H 6 [ A l ( M o O 4 J 6 ] . 7 H 2 O . T h e p e r c e n t a g e loss of w a t e r is a s follows : 

100° 110° 120° 130° 150° 170° Jted-lieat 
Loss . 9-90 10-22 10-32 10-32 10-54 11-47 14-68 

7K2O 10H aO 

T h e electr ical c o n d u c t i v i t y , A, of a n eq. , J K 3 H 6 [ A l ( M o O 4 ) ^ ] . 7 H 2 O , in v l i t res of 
w a t e r , a t 25°, is : 

v . 3 2 04 128 256 512 1024 
A . . 97-42 105-93 113-34 1 2 1 0 4 130-97 1 4 0 0 2 

R . D . H a l l r epo r t ed t h a t if a n eq. a m o u n t of s i lver n i t r a t e be a d d e d t o a n a lka l i 
a l u m i n i u m d o d e c a m o l y b d a t e , on ly p a r t of t h e a lka l i is rep laced , b u t if a n excess 
of the silver salt be employed, silver aluminium oxydodecamolybdate, Ag2O. 
Ag 6 Al 2 (Mo 2 Oy) 6 . 16H 2 O, is fo rmed . If a sti l l l a rger excess of si lver sa l t b e used, 
silver aluminium dioxymolybdate, 2Ag2O.Ag6Al2(Mo207)6 .nH20, is produced ; 
barium aluminium oxydodecamolybdate, BaO.Ba3Al2(Mo207)6 .14H20, is formed 
b y boi l ing b a r i u m chlor ide w i t h a soln. of t h e sa l t K 3 Al(Mo 2 Oy) 3 - IOH 2 O ; a n d also 
ammonium barium aluminium oxydodecamolybdate, 0-85(NHj20.2* 15BaO-Al2O3. 
12MoO 3 .2OH 2 O, b y t h e ac t ion of b a r i u m chlor ide on t h e a m m o n i u m sal t . R . D . H a l l 
prepared lead aluminium oxydodecamolybdate, PbO.Pb3Al2(Mo2Oy)6 .21H2O, as 
in t h e case of t h e co r r e spond ing silver sa l t . 

G. A. Ba rb ie r i p r e p a r e d a series of cer iododecamolybdates of t h e gene ra l 
fo rmula R 8 [Ce(Mo 2 O 7 J 6 ] . -^H 2 O, de r ived f rom t h e c e r i d o d e c a m o l y b d i c ac id , 
H 8 [Ce(Mo 2 O 7 J 6 J . These sa l t s a r e s t ab le t o w a r d s h y d r o g e n d iox ide , a n d g ive 
a p r e c i p i t a t e w i t h oxal ic acid on ly af ter p ro longed boil ing. Yel low c rys t a l s of 
a m m o n i u m eerie dodecamolybdate , ( N H 4 ) 8 [ C e ( M o 2 0 7 ) 6 ] . 8 H 2 0 , were o b t a i n e d b y 
a d d i n g a soln. of cone , a m m o n i u m n i t r a t e t o a soln. of a m m o n i u m p a r a m o l y b d a t e , 
a n d t h e p r o d u c t , w h e n t r e a t e d wi th di l . su lphur i c ac id furn i shed pa le yel low 
crystals of ammonium eerie dihydrododecamolybdate, (NH 4) 6H 2[0e(Mo 20 7) 6] . 
1OH 2 O ; A . M e i n h a r d o b t a i n e d s o d i u m eerie dodecamolybdate , 4 N a 2 O . C e O 2 . 
l M 2 o 0 3 . 6 H 2 0 ; whi le G. A. Ba rb i e r i o b t a i n e d orange-yel low, c ry s t a l s of s i lver 
eer ie dodecamolybdate , Ag 8 [Ce(Mo 2 O 7 J 6 ] ; a n d yel low c r y s t a l s of aniline eerie 
dodecamolybdate we re p r e p a r e d b y d o u b l e decompos i t i on w i t h t h e a m m o n i u m 
sa l t a n d si lver n i t r a t e . 

E . P e c h a r d p r e p a r e d a series of complex t i tan idodecamolybdates , of t h e 
genera l fo rmula R 8 [ T i ( M o 2 O 7 J 6 ] . ^ H 2 O . H e o b t a i n e d t i tan idodecamolybdic ac id , 
H 8 [ T i ( M o 2 O 7 ) 0 ] . 1 8 H 2 O , b y a d d i n g h y d r o c h l o r o u s ac id t o m e r c u r o u s t i t a n i m o l y b d a t e , 
o r b y a g i t a t i n g w i t h e t h e r a n a q . soln. of t h e a m m o n i u m sa l t acidified w i t h h y d r o ­
ch lor ic ac id , a n d a l lowing t h e heav ie r l i qu id t o e v a p o r a t e s p o n t a n e o u s l y . T h e 
go lden-ye l low o c t a h e d r a m e l t a t 60°, a n d a r e v e r y soluble in w a t e r . H e 
p r e p a r e d a m m o n i u m t i tan idodecamolybdate , 2 ( N H 4 ) 2 O . T i 0 2 . 1 2 M o O 3 . 1 0 H 2 O , i.e. 
( N H 4 J 4 H 4 [ T i ( M o 2 O 7 J 6 ] ^ H 2 O , b y a d d i n g a soln. of a m m o n i u m f l u o t i t a n a t e t o a soln . 
of a m m o n i u m m o l y b d a t e u n t i l t h e ye l low colour n o longer inc reases in i n t e n s i t y , 
a n d t h e n a d d i n g hyd roch lo r i c ac id . T h e sa l t is inso luble in soln. of a m m o n i u m 
sa l t s , b u t d issolves in w a t e r a n d in ac ids . I t furnishes ye l low o c t a h e d r a wh ich 
a c t o n po l a r i zed l igh t . If a h o t , cone . soln . of t h i s sa l t b e t r e a t e d w i t h p o t a s s i u m 
ch lor ide a n d a l lowed t o cool, efflorescent p r i s m s of p o t a s s i u m t i tan idododeca-
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molybdate , K 4 H 4 [ T i ( M o 2 O 7 J 6 ] . 1 4 H 2 O , a re depos i t ed . If a m e r c u r o u s sa l t soln . 
b e a d d e d t o a n a q . soln. of one of t h e s e t w o sal ts , m e r c u r o u s t i tan idodecamolybdate 
is fo rmed . E . P e c h a r d p r e p a r e d z irconidodecamolybdates , R 8 [Z r (Mo 2 Oy) 6 ] . 
n H 2 0 , in a n a n a l o g o u s m a n n e r ; a m m o n i u m z irconidodecamolybdate , 
( N H 4 J 4 H 4 [ Z r ( M o 2 O 7 J 6 ] . 8 H 2 O , y ie lds b r o w n o c t a h e d r a ; a n d p o t a s s i u m z i rco -
n idodecamolybdate , K 4 H 4 [ Z r ( M o 2 0 7 ) 6 ] . 1 6 H 2 0 , b r o w n pr i sms . 

G. A. Barb ie r i o b t a i n e d a series of thor idodecamolybdates , R 8 [ T h ( M o 2 O 7 J 6 ] . 
nH2Q. T h e y d o n o t g ive a p r e c i p i t a t e wi th oxal ic ac id in t h e cold, b u t , on boi l ing, 
t h o r i u m o x a l a t e is s lowly depos i t ed . W h e n 10 g r m s . of a n h y d r o u s t h o r i u m 
s u l p h a t e d isso lved in 200 c.c. of w a t e r a r e a d d e d t o 250 c.c. of a 30 per cen t . soln. 
of a m m o n i u m h e p t a m o l y b d a t e , a w h i t e p r e c i p i t a t e of a m m o n i u m thor idodeca­
m o l y b d a t e , ( N H 4 ) 8 [ T h ( M o 2 0 7 ) 6 ] . 8 H 2 0 , is depos i t ed . A. Me inha rd also p r e p a r e d 
t h i s sa l t . G. A. B a r b i e r i showed t h a t if t h e n i t r i c or hydroch lo r i c ac id soln. of t h i s 
sa l t b e t r e a t e d w i t h a cone . soln. of a n a m m o n i u m sal t , a m m o n i u m dihydrothori-
dodecamolybdate , ( N H 4 ) 6 H 2 [ T h ( M o 2 0 7 J 6 ] . l l H 2 0 , is d e p o s i t e d ; s imi lar ly wi th 
Sodium thor idodecamolybdate , N a 8 [ T h ( M o 2 O 7 J 6 ] . 1 5 H 2 O , which fo rms needle-l ike 
crystals, and with sodium dihydrothoridodecamolybdate, Na6H2[Th(Mo2O7J6I. 
1 7 H 2 O — A . M e i n h a r d a lso p r e p a r e d t h e fo rmer sa l t . Accord ing t o G. A. Barb ie r i , 
t h e a d d i t i o n of s i lver n i t r a t e t o a soln. of one of t h e s e sa l t s furnishes s i lver thor ido­
decamolybdate , A g 8 [ T h ( M o 2 O 7 J 6 ] , a s a w h i t e powder . P r e c i p i t a t e s of m a g n e s i u m 
thoridodecamolybdate, and of zinc thoridodecamolybdate are similarly produced. 
A. Rosenheim obtained ammonium stannidodecamolybdate, (NH4J8[Sn(Mo2O7J6]. 
2 0 H 2 O , as a mic roc rys ta l l ine , w h i t e p o w d e r , b y t h e a c t i o n of a soln. of a m m o n i u m 
p a r a m o l y b d a t e on a m m o n i u m c h l o r o s t a n n a t e . A. M e i n h a r d also p r e p a r e d 
ammonium hydrostannidodecamolybdate, (NH4J3H5[Sn[Mo2O7J6].4H2O, which was 
regarded as a salt of stannidodecamolybdic acid, H8[Sn(Mo2O7J6]. 

A series of complex chromidodecamolybdates, 3R2O-Cr2O3.12MoO3.^H2O, or 
R 3 [ C r ( M o 2 O 7 J 3 ] . n H 2 0 , w a s p r e p a r e d b y H . S t r u v e , E . M a r c k w a l d , a n d R . D . H a l l . 
H, Struve prepared rose-red plates of ammonium chromidodecamolybdate, 
3 ( N H 4 J 2 C C r 2 O 3 . 1 2 M o O 3 . 2 O H 2 O , or ( N H 4 ) 3 H 6 [ C r ( M o 0 4 ) 6 ] . 7 H 2 0 , b y boi l ing a soln. of 
a m m o n i u m t r i m o l y b d a t e w i t h h y d r a t e d c h r o m i c ox ide ; a n d R . D . Ha l l , b y boi l ing 
a soln. of a m m o n i u m c h r o m e - a l u m a n d a m m o n i u m p a r a m o l y b d a t e . E . Marckwa ld 
o b t a i n e d t h e h e x a c o s i h y d r a t e . A. R o s e n h e i m a n d H . Schwer p r e p a r e d t w o 
g u a n i d i n e sa l t s ; a n d a n a t t e m p t t o resolve t h e a m m o n i u m s t r y c h n i n e sa l t i n t o 
op t i ca l i somer ides failed. S imi la r ly w i t h t h e rose- red p l a t e s of p o t a s s i u m c h r o m i ­
dodecamolybdate , 3 K 2 O - C r 2 O 3 . 1 2 M o 0 3 . 2 0 H 2 0 , or K 3 H 6 [ C r ( M o 0 4 ) 6 ] . 7 H 2 0 . T h e 
sa l t u n d e r g o e s n o c h a n g e o n d ia lys is . A t 17°, 1OO grrns . of w a t e r dissolve 2-6 g r m s . 
of t h e sa l t . T h e p e r c e n t a g e loss in we igh t is : 

100° 110° 120° 130° 150° 170° Ked-hea t 
Loss . 9-66 1 0 0 4 1 0 0 8 10-08 10-34 12-71 14-39 

A. R o s e n h e i m a n d H . Schwer found t h a t t h e e lectr ical c o n d u c t i v i t y , A, of a soln. 
of an eq . of t h e n o r m a l sa l t , ^ K 3 H 6 [ C r ( M o O 6 J ] ^ H 2 O , in v l i t res of w a t e r , a t 25°, is : 

v . . 3 2 64 128 256 512 1024 
A . . 97-91 106-6 114-3 121-8 131-2 140-3 

If t h e p o t a s s i u m sa l t b e c rys ta l l i zed f rom soln. c o n t a i n i n g v a r y i n g p ropo r t i ons of 
p o t a s s i u m h y d r o x i d e a series of p o t a s s i u m c h r o m i o x y d o d e c a m o l y b d a t e s is formed, 
viz. 7 : 2 : 24 : 32 ; 4 : 1 : 12 : 15 ; a n d 4 : 1 : 12 : 2O. A . R o s e n h e i m a n d H . Schwer 
cons ider t h a t t h e s e p r o d u c t s a re m i x t u r e s . H . S t r u v e o b t a i n e d s o d i u m chromido­
decamolybdate , 3 N a 2 O . C r 2 O 3 . 1 2 M o O 3 . 2 1 H 2 O , as in t h e case of a m m o n i u m sal t . B y 
a d d i n g t h e r e spec t ive sa l t s ef t h e base t o a soln. of p o t a s s i u m c h r o m i d o d e c a m o l y b ­
d a t e , R . D . H a l l p r e p a r e d s i lver chromidodecamolybdate* 5Ag 2 O-Cr 2 O 3 .12MoO 3 . 
1 7 H 2 , b y us ing a n excess of s i lver n i t r a t e , if o therwise , po tas s ium silver chromi ­
dodecamolybdate , 2 £ A g 2 0 . £ K 2 O . C r 2 0 3 . 1 2 M o 0 3 . 1 8 H 2 0 , is fo rmed ; bar ium chromi -
OXydodecamolybdate, 4BaO.Cr 2O 3 .12MoO 3 .15H 2O, a s well as t h e h e x a d e c a h y d r a t e 
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is fo rmed b y us ing a n excess of b a r i u m chlor ide , if o therwise , p o t a s s i u m b a r i u m 
Chromidodecamolybdate , 2 1 5 B a O . 0 - 8 5 K 2 O . C r 2 O 3 . 1 2 M o O 3 . 2 0 H 2 O ; a n d w i t h a n 
a m m o n i u m sal t , a m m o n i u m b a r i u m chromidodecamolybdate , 2 B a O . ( N H 4 ) 2 0 . 
Cr 2 O 3 . 12MoO 3 . 20H 2 O ; b y us ing a m i x t u r e of a n excess of b a r i u m ch lor ide a n d 
b a r i u m h y d r o x i d e , in t h e cold, b a r i u m chxomidioxydodecamolybdate , 5 B a O - C r 2 O 3 . 
12MoO 3 . 12H 2 O, is fo rmed : A. R o s e n h e i m a n d H . Schwer r e p o r t e d t h e f o r m a t i o n of 
Ba 2 H 5 [Cr(MoO 4 )O]-SH 2 O ; a n d t h e y cons ider t h a t t h e bas ic sa l t s he re desc r ibed 
a re i m p u r e n o r m a l sa l t s . R . D . H a l l f o u n d t h a t a n excess of m e r c u r o u s n i t r a t e 
furnishes m e r c u r o u s chromipentoxydodecamolybdate , 8 H g 2 O . Cr 2 O 3 . 12MoO 3 . 
1 6 H 2 O ; w i t h t h e t heo re t i c a l a m o u n t of lead n i t r a t e , l ead c h r o m i o x y d o d e c a m o l y b -
date , 4 P b O . C r 2 O 8 . 1 2 M o O 3 . 2 4 H 2 O , w a s formed, a n d w i t h five t i m e s t h i s a m o u n t of 
l ead n i t r a t e , t h e d o c o s i h y d r a t e w a s p r o d u c e d . If t h e m e r c u r o u s sa l t b e d e c o m ­
posed w i t h di l . hyd roch lo r i c acid , a n d t h e f i l t ra te e v a p o r a t e d t o a sma l l b u l k 
ove r a w a t e r - b a t h , a n d t h e n t o d r y n e s s , ove r su lphur i c ac id , c h r o m i d o d e c a m o l y b -
dic ac id , C r 2 O 3 . 12MoO 3 . 28H 2 O, is fo rmed as a g reen p o w d e r . 

A. R o s e n h e i m a n d J . P i n s k e r p r e p a r e d a m m o n i u m m a n g a n o u s d o d e c a -
m o l y b d a t e , 3 ( N H 4 ) 2 0 . 2 M n 0 . 1 2 M o 0 3 . 2 2 H 2 0 ; a n d b y t h e a c t i o n of s a l t s of t e r v a l e n t 
m a n g a n e s e on a lka l i p a r a m o l y b d a t e s , A. M e i n h a r d o b t a i n e d a m m o n i u m m a n g a n i c 
dodecamolybdate , 4 ( N H 4 ) 2 O . M n 2 0 3 . 1 2 M o 0 3 . 9 H 2 0 , a n d also p o t a s s i u m m a n g a n i c 
dodecamolybdate , 4 K 2 O . M n 2 O 3 . 1 2 M o O 3 . 3 0 H 2 O . These sa l t s a r e a n a l o g o u s w i t h 
t h e co r r e spond ing 4 R 2 O . F e 2 O 3 . 1 2 W O 3 J i H 2 O . 

F . Zambonini and V. Caglioti prepared ammonium manganic tridecamolybdate, 
4 ( N H 4 ) 2 O . M n 2 0 3 . 1 3 M o 0 3 . 9 H 2 0 , w h e r e M n 2 O 3 m a y a lso b e r e g a r d e d as M n C M n O 2 . 
T h i s s a l t is cons ide red t o be one m e m b e r of a series of i s o m o r p h o u s c o m p l e x s a l t s 
of t h e t y p e : [Mn (Mo 2 O 7 J 6 ]R 8 Mn^MoO 4 -OH 2 O, w h e r e R is t h e t h i r d b a s a l e l e m e n t 
—v ide supra, p e r m a n g a n i t o m o l y b d a t e s . T h e a m m o n i u m sa l t is p r o d u c e d b y a d d i n g 
100 c.c. of a cone . soln. of m a n g a n o u s ch lor ide (75 g r m s . MnCl 2 p e r IOOO c.c. of w a t e r ) 
t o 1800 c.c. of a h o t soln. of a m m o n i u m p a r a m o l y b d a t e (250 g r m s . of sa l t p e r 
l i t re ) , a n d t h e n a d d i n g 800 c.c. of h y d r o g e n d iox ide . T h e soln. is filtered whi l s t 
h o t , a n d o n cool ing r e d c rys t a l s a re depos i t ed . T h e c rys t a l s were d e c a n t e d , w a s h e d 
w i t h w a t e r , a n d d r i ed in a i r on a p o r o u s t i le . T h e t r ic l in ic c r y s t a l s h a v e u n i a x i a l 
b i ref r ingence w i t h o u t op t i ca l anomal i e s , t h e y a re p leochor ic , a n d h a v e a sp . gr . 
3-028. R y a d d i n g p o t a s s i u m chlor ide t o a soln. of t h e a m m o n i u m sa l t a t 80° , 
i s o m o r p h o u s o range - r ed c rys ta l s of p o t a s s i u m m a n g a n i c t r i d e c a m o l y b d a t e , 
4 K 2 C M n 2 O 3 . 1 3 M o O 3 . 9 H 2 O , of sp . gr . 3-43, were p r o d u c e d . T h e c ry s t a l s h a v e a 
pos i t ive , u n i a x i a l b i ref r ingence w i t h o u t op t i ca l anomal i e s , a n d t h e y a r e p leochro ic . 
T h e c o r r e s p o n d i n g rub id ium m a n g a n i c t r idecamolybdate , 4 R b 2 C M n 2 O 3 . 1 3 M o O 3 . 
9 H 2 O , w a s o b t a i n e d in a s imi lar m a n n e r a n d furn ished o range- red , s t r o n g l y p leo­
chro ic c rys t a l s . Th i s s a l t w a s p r o b a b l y also m a d e b y H . S t r u v e in 1854. 
F . Z a m b o n i n i a n d V. Cagl iot i f o u n d t h a t if s o d i u m chlor ide is e m p l o y e d in p lace of 
p o t a s s i u m chlor ide , t h e soln. a f ter s t a n d i n g some m o n t h s depos i t s o r ange - r ed , 
p leochroic , monoc l in ic c rys t a l s of s o d i u m a m m o n i u m m a n g a n i c t r i d e c a m o l y b ­
date , 2 N a 2 O . 2 ( N H 4 ) 2 O . M n 2 0 3 . 1 3 M o 0 3 . 9 H 2 O . A boil ing soln. of t h e a lka l i s a l t 
t o w h i c h n ickel s u l p h a t e a n d a m m o n i u m p e r s u l p h a t e a r e a d d e d , y ie lds 
p u r p l e - b l a c k t r ic l inic c rys t a l s of a m m o n i u m n i c k e l i c t r idecamolybdate , 
[ N i " * * ( M o 2 0 7 ) 6 ] ( N H 4 ) 8 N i M o 0 4 . 9 H 2 0 , i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g m a n g a n i c 
sa l t . T h e co r r e spond ing m a g n e s i u m , cupr ic , a n d c a d m i u m sa l t s a p p e a r a s iso­
m o r p h o u s m i x t u r e s w i t h t h e a m m o n i u m sa l t . T h e co r r e spond ing c h r o m i c a n d 
CObaltiC sa l t s were o b t a i n e d , b u t n o solid soln. w i t h t h e m a n g a n i c s a l t cou ld be 
p r e p a r e d . If t h e p o t a s s i u m , or a m m o n i u m , or s o d i u m m a n g a n i c s a l t is t r e a t e d 
w i t h b a r i u m chlor ide , a t 80°, rose-yel low b a r i u m m a n g a n i c d o d e c a m o l y b d a t e , 
B a 4 [ M n ( M o 2 O 7 J 6 ] . w H 2 0 , is fo rmed ; a n d w i t h the* p o t a s s i u m m a n g a n i c s a l t 
a n d s i lver n i t r a t e , flesh-coloured c r y s t a l s of s i lver m a n g a n i c d o d e c a m o l y b d a t e , 
A g s [ M n ( M o 2 0 7 ) 6 ] . n H 2 0 , a r e p r o d u c e d . 

A c c o r d i n g t o E . M a r c k w a l d , a m m o n i u m ferric dodecamolybdate , 3 ( N H 4 ) 2 0 . 
F e 2 O 3 - I S M o O 3 ^ O H 2 O , is p r o d u c e d b y t r e a t i n g ferric ch lor ide w i t h a m m o n i u m 
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p a r a m o l y b d a t e . T h e sa l t Fe 2 O 3 .5MoO 3 .wH 2 O is first depos i ted , a n d a f t e rwards 
w h i t e p l a t e s of t h e complex sal t , which are deconrposed b y wa t e r . T h e s ame 
sa l t w a s p r e p a r e d b y H . S t r u v e , a n d R,. D . Ha l l . T h e l a t t e r gave 1 9 H 2 O for t h e 
p r o p o r t i o n of c o m b i n e d w a t e r ; a n d A. Rosenhe im a n d H . Schwer r ep resen ted 
i t b y ( N H 4 ) 3 H 6 [ F e ( M o 0 4 ) 6 ] J H 2 0 . R . D . Ha l l also ob ta ined po tas s ium ferric 
dodecamolybdate , 3 K 2 O . F e 2 O 3 . 1 2 M o O 3 . 2 0 H 2 O . A. Rosenhe im a n d H . Schwer 
r ep resen ted i t b y K 3 H 6 [ F e ( M o 0 4 ) 6 ] . 7 H 2 0 ; t h e y found t h e pe rcen tage loss of 
w a t e r : 

100° 110° 120° 130° 150° 170° Red-hea t 
LOBS . . 9-70 10-01 10-06 10-06 10-40 11-70 14-28 

7H 2 O 10H 2 O 

T h e y found t h e conduc t iv i t y , A of K 3 H 0 [ F e ( M oO 4 ) ( J ] ^H 2 O in v l i t res of water , a t 25°, 

v . . 32 64 128 256 512 1024 
A . . 97*88 103-0 115-64 1 2 4 1 1 136-9 153-75 

E . Marckwald prepared sodium cobaitous dodecamolybdate, Na 2O-CoO. 12MoO3.14H58O, 
b y heat ing a solr*. of a iriol of sod ium p a r a m o l y b d a t e w i t h 3 raols of cobaltir* chloride. The 
vio let precipitate does not appear homogeneous under the microscope and is thought to 
be a mixture of sodium tr imolybdate a n d normal cobal tous molybdate . E . Marckwald 
also obtained 32Sra 2 0 .2Co0.12Mo0 3 . 27II 2 0 , or 4Co0.6]STa20.25MoO3 .54H2O, from a soln. 
of eq . quant i t ies of sod ium te tramolybdate a n d cobal tous chloride. The yellowish-red 
crystals m a y be a mixture of 2(2CoO.5MoO3) + 3 ( 2 N a 2 0 . 5 M o O 3 ) . H e also reported a 
yel lowish-red crystall ine mass of 4 N a 2 0 . 6 C o O . 2 5 M o O 3 . 6 8 H 2 O , b y evaporat ing over sul­
phuric acid the filtrate from a soln. of a mol of sodium paramolybdate , and 3 mols of 
cobal tous chloride. 

G. A. Barb ie r i 2 p r e p a r e d a couple of compJex rhod ic m o l y b d a t e s ana logous t o 
t o be t hose o b t a i n e d w i t h t e r v a l e n t a l u m i n i u m , c h r o m i u m , iron, a n d cobal t . These 
are : ammonium rhodic dodecamolybdate, 3(NH4)2O.Rh2O3 .12Mo03 .20H2O, or 
( N H 4 ) 3 H 6 [ R h ( M o 0 4 ) 6 ] . 7 H 2 0 , in m i n u t e , yel low p l a t e s ; a n d po tas s ium rhodic 
dodecamolybdate, 3K2CRh2O3 .12MoO3 .20H2O, or K 3H 6[Rh(Mo0 4) 6] .7H 20, also 
in smal l yellow p la t e s . 

K. Marckwald 3 p r e p a r e d n icke l te tradecamolybdate , 5NiO.14MoO 3 . 70H 2 O, 
from t h e mo the r - l i quo r of t h e 8 : 6 : 3 1 - m o l y b d a t e . T h e green c rys ta l s a r e spar ing ly 
soluble in cold w a t e r a n d easi ly soluble in h o t wa t e r . W h e n recrysta l l ized from 
wate r , t h e 5 7 - h y d r a t e is p r o d u c e d . G. W e m p e p r e p a r e d l i t h i u m h e x a d e c a -
molybdate , L i 2 M o 1 6 0 4 9 . 9 . 5 r I 2 0 , b y t r e a t i n g a m o l of n o r m a l l i t h ium m o l y b d a t e 
w i t h 1-5 mols of hydroch lo r i c ac id . T h e p rec ip i t a t e first formed redissolves, a n d 
t h e soln. depos i t s , on s t a n d i n g , r h o m b o h e d r a l c rys ta l s which a re p r o b a b l y t r ic l inic . 
T h e y dissolve in w a r m w a t e r ; a n d m e l t w h e n s t rong ly h e a t e d . L . F . S v a n b e r g 
a n d H . S t r u v e desc r ibed a commerc i a l s o d i u m m o l y b d a t e which a p p r o x i m a t e d 
s o d i u m hexadecamolybdate , N a 2 0 . 1 6 M o 0 3 . 9 H 2 0 ; a n d F . UIlik p r epa red i t b y 
boi l ing for a long t i m e a r a t h e r cone. soln. of s o d i u m m o l y b d a t e wi th n i t r ic acid 
of sp . gr. 1-5. T h e compos i t ion of t h e wh i t e p r ec ip i t a t e seemed t o be i n d e p e n d e n t 
of t h e re la t ive p r o p o r t i o n s of t h e cons t i t uen t s . I t shou ld be washed wi th dil . 
n i t r i c acid because i t is p e p t i z e d b y w a t e r a lone. W h e n t h e sa l t is t r e a t e d wi th 
s o d i u m c a r b o n a t e , i t fo rms t h e o c t o m o l y b d a t e . F . E p h r a i m a n d H . Herschfinkel 
boi led a n ac id caesium m o l y b d a t e w i t h n i t r ic ac id of sp . gr. 1-20 a n d ob ta ined a 
yellow, amorphous substance to which the formula for caesium hexadecamolybdate, 
C s 2 0 . 1 6 M o 0 3 . 8 H 2 0 , was ass igned. F . TJlIiIc r ega rded th i s p r o d u c t as 2 N a 2 O . 
1 6 M o O 3 . 8 H 2 O , a p o l y m e r i z e d f o r m of t h e o c t o h y d r a t e . F . U l l i k a l so prepared 
magnesium hexadecamolybdate, MgO.16MoO3.30H2O, in an analogous manner. 
T h e microscopic c rys t a l s a r e spar ing ly soluble in cold wa te r , b u t easily soluble in 
h o t wa te r . T h e sa l t loses w a t e r w h e n hea t ed , a n d me l t s wi th decomposi t ion a t a 
du l l r ed -hea t . If a m i x t u r e of eq. p ropo r t i ons of soln. of a m m o n i u m p a r a m o l y b d a t e 
a n d nickelous chlor ide be e v a p o r a t e d in t h e cold, ^Tnm^Tii^iTn n i c k e l o u s h e x a d e c a ­
m o l y b d a t e , 6 ( N H 4 ) 2 0 . 3 N i O . 1 6 M o O 3 . 2 9 H 2 O , is fo rmed in green crys ta ls , which a re 
spa r ing ly soluble in cold a n d read i ly soluble in h o t w a t e r w i t h o u t decomposi t ion. 
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E . Marckwa ld also e v a p o r a t e d a soln. w i t h a g rea t excess of n ickelous chlor ide 
and obtained ammonium nickelous henitricontamolybdate, 8(NH4)20.6NiO. 
31MoO 3 . 63H 2 O ; a n d t h e mo the r - l i quo r from t h e d e c a m o l y b d a t e furnishes 
ammonium nickelous tetratricontamolybdate, 3(NH4)20.9NiO.34MoO3.120H2O. 
R. D. Hall prepared ammonium nickelous hexadecamolybdate, 5(NH4J20.3NiO. 
16MoO 3 .16H 2 O, b y h e a t i n g a soln. of n ickelous s u l p h a t e a n d a m m o n i u m m o l y b d a t e 
with hydrogen dioxide; and also potassium nickelous hexadecamolybdate, 
5 K 2 0 . 3 N i O . 1 6 M o O 3 . 2 1 H 2 O , f rom a soln. of po t a s s ium p a r a m o l y b d a t e a n d nickelous 
s u l p h a t e a lone or in t h e presence of h y d r o g e n dioxide, chlorine, a n d b r o m i n e . 

Accord ing t o G. A. Barb ie r i , 4 r h o d i u m forms complex m o l y b d a t e s ana logous t o 
t h e t e r v a l e n t a l u m i n i u m , i ron, ch romium, a n d cobal t complexes . T h u s , a m m o n i u m 
rhodic dodecamolybdate , 3 (NH 4 ) 2 O.Rh 2 O 3 . 12MoO 3 . 20H 2 O, forms yellow laminae, 
and similarly with potassium rhodic dodecamolybdate, 3(NH4)20.Rh2O3 .12MoO3 . 
20H2O. 

G. Canner i 5 o b t a i n e d a series of h y p o m o l y b d a t o m o l y b d a t e s b y hea t i ng for a 
long t i m e a m i x t u r e of h y d r o x y l a m i n e chloride a n d a soln. of a n a lkal i m o l y b d a t e . 
T h e sa l t s a re c o n s t i t u t e d : 

R4HMo2O6)(Mo2O7)J^H2O. 

The red salt, ammonium hypomolybdatomolybdate, 2(NH4)2O.Mo205 .4Mo03 .8H20, 
forms a red soln. w i th w a t e r ; sod ium hypomolybdatomolybdate , 2Na 2 O-Mo 2 O 5 . 
4MoO3-IOH2O, is brick-red; red potassium hypomolybdatomolybdate, 2K2O. 
M o 2 O 5 . 4 M o O 3 . 5 H 2 O , f o r m s a n o r a n g e - r e d s o l n . w i t h w a t e r . 

C . O . G r o s s u p 6 p r e p a r e d g e r m a n o m o l y b d i c a c i d , H 8 [ G e ( M o 2 0 7 ) 6 ] . 2 5 H 2 0 , 
a n a l o g o u s t o s i l i c o m o l y b d i c a c i d . 

F i v e g r m s . of g e r m a n i c ox ide we re d i s so lved in 200 m l . of w a t e r c o n t a i n i n g 7 g r m s . of 
s o d i u m Hydrox ide , a n d t h e soln. b r o u g h t t o boi l ing , w h e r e u p o n 7O g r m s . of m o l y b d i c ox ide 
w e r e s lowly a d d e d w i t h s t i r r ing . R a p i d d i sso lu t ion of t h e m o l y b d i c ox ide t o o k p lace u n t i l 
a b o u t half t h e a m o u n t h a d been a d d e d . A l m o s t c o m p l e t e p r e c i p i t a t i o n occur red a t t h i s 
p o i n t , fol lowed b y re-so lu t ion w i t h c o n t i n u e d a d d i t i o n of t h e m o l y b d i c ox ide . A n i n t e n s e 
ye l low co lour deve loped af ter t h i s m i d - p o i n t of r e a c t i o n . G e n t l e boi l ing w a s c o n t i n u e d 
for five m i n u t e s , t h e soln. f i l tered a n d al lowed t o cool . Severa l h u n d r e d m l . of e t h e r w e r e 
a d d e d , fol lowed b y a n excess of cold 9.ZV-H2SO4. A n i n t e r m e d i a t e t u r b i d i t y d i s a p p e a r e d 
w h e n sufficient ac id h a d been a d d e d . H e a v y ye l low oi ly d r o p s s e p a r a t e d a n d se t t l ed , 
f o r m i n g t h e t h i r d l aye r c o m m o n t o such e x t r a c t i o n s . T h i s lower layer-—an e t h e r so ln . 
of t h e c o m p l e x a c i d — w a s r e m o v e d a n d e v a p o r a t e d a t 40° . Af te r p o w d e r i n g , t h e r e s idue 
w a s d i s so lved in a s m a l l vol . of w a t e r a n d t h e e x t r a c t i o n w i t h e t h e r a n d su lphu r i c a c i d 
r e p e a t e d . T h e e t h e r w a s r e m o v e d a s before, t h e res idue d isso lved i n w a t e r , t h e soln . 
f i l tered, a n d t h e n a l lowed t o crys ta l l ize a t r o o m t e m p . (18°-28°) . T h e m a j o r p o r t i o n of 
m o t h e r - l i q u o r w a s r e m o v e d b y f i l t ra t ion a n d t h e c r y s t a l s d r ied a s r a p i d l y a s poss ib le b y 
p re s s ing b e t w e e n filter p a p e r , a f te r which t h e y were k e p t in t i g h t l y s t o p p e r e d w e i g h i n g 
b o t t l e s o r we ighed o u t a t once for ana lys i s . I n sp i t e of t h e h i g h so lub i l i ty , t h e so ln . 
c rys ta l l i zed well . 

A guan id ine sal t , (CN 3 H 5 ) 4 H 4 [Ge (Mo 2 0 7 ) 6 ] , was p r e p a r e d . 
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§ 16. Permolybdic Acid and Permolybdates 
R . B r a n d e s , 1 G. C. W i t t s t e i n , a n d L . F . S v a n b e r g a n d H . S t r u v c r e p o r t e d 

hyperacid molybdates, b u t t h e y p r o b a b l y m e a n t p o l y m o l y b d a t e s a n d n o t p e r m o l y b ­
dates a s t h e s e t e r m s a r e u n d e r s t o o d t o - d a y . G. W e r t h e r obse rved t h a t ac id soln. 
of t h e m o l y b d a t e s , w h e n t r e a t e d w i t h h y d r o g e n d iox ide , g ive a yel low colora t ion 
wh ich , a c c o r d i n g t o C. B a r w a l d , is n o t e x t r a c t e d b y e the r , a n d which , accord ing t o 
G. Den iges , is n o t affected b y h e a t i n g t h e l iqu id . T h e a n a l y t i c a l possibi l i t ies of 
t h e r e a c t i o n were d iscussed b y I i . S c h o n n , A . Wel le r , Li. Crismer , G. Deniges , 
A . C. S t a r k , e t c . T . F a i r l e y s h o w e d t h a t t h e co lour is d u e t o t h e f o r m a t i o n of per­
m o l y b d i c ac id or ac ids in soln. T h e ye l low, or o range-ye l low ac id soln. g r a d u a l l y 
depos i t s a n insoluble ye l low c o m p o u n d . E . P e c h a r d sa id t h a t permolybdic acid, 
H M o O 4 , or M o 2 O 7 . 5 H 2 O , is i so la t ed b y d e c o m p o s i n g t h e b a r i u m sa l t w i t h su lphur ic 
ac id ; b y h e a t i n g d i h y d r a t e d m o l y b d e n u m t r i o x i d e w i t h a soln. of h y d r o g e n 
d iox ide ; or, b y t h e a c t i o n of h y d r o g e n d iox ide o n m o l y b d e n u m , or i t s b lue ox ide . 
If t h e soln. o b t a i n e d b y one of t h e s e m e t h o d s is e v a p o r a t e d in v a c u o a t o r d i n a r y 
t e m p . , i t y ie lds a ye l low, c rys t a l l i ne p o w d e r , so luble in w a t e r . T h e a q . soln. 
c a n be bo i led w i t h o u t d e c o m p o s i t i o n ; w i t h h y d r o c h l o r i c ac id t h e r e is a n 
evo lu t i on of ch lor ine . !deduc ing a g e n t s l ike s t a n n o u s ch lor ide a n d fer rous s u l p h a t e 
first y ie ld m o l y b d e n u m t r i o x i d e , a n d t h e n t h e b l u e ox ide . A t 100°, t h e ac id loses 
4 H 2 O , a n d , a t a h i g h e r t e m p . , i t s i m u l t a n e o u s l y loses b o t h t h e r e m a i n i n g w a t e r 
a n d o x y g e n . T h e c o m p o s i t i o n of t h e sa l t s s h o w s t h a t t h e ac id is monobas i c , a n d 
t h i s is all in a g r e e m e n t w i t h t h e fo rmu la H M o O 4 . 2 H 2 O . T h e d i r ec t n e u t r a l i z a t i o n 
of p e r m o l y b d i c ac id b y s o d i u m h y d r o x i d e deve lops + 2 4 - 2 CaIs., a n d b y p o t a s s i u m 
h y d r o x i d e + 2 4 - 0 CaIs. T h e a c t i o n of s u l p h u r i c ac id on s o d i u m p e r m o l y b d a t e 
deve lops -f-6-9 CaIs. , a n d t h e r e s u l t is t h e s a m e w h e t h e r t h e su lphu r i c ac id is a d d e d 
al l a t once or in success ive p o r t i o n s . T h e whole of t h e m o l y b d i c ac id is n o t d i sp laced , 
b u t a v e r y ac id m o l y b d a t e is fo rmed , i t s f o r m a t i o n co r r e spond ing w i t h t h e evo lu t ion 
of 0-6 CaI. T h e a c t i o n of h y d r o g e n d iox ide on a m i x t u r e of s o d i u m m o l y b d a t e w i t h 
s u l p h u r i c ac id in m o l . p r o p o r t i o n deve lops -f-5*4 CaIs., a q u a n t i t y wh ich m a y be 
r e g a r d e d a s t h e s u m of t h e h e a t d e v e l o p e d b y t h e d e c o m p o s i t i o n of t h e h y d r o g e n 
d iox ide a n d t h a t a b s o r b e d b y t h e f o r m a t i o n of t h e p e r m o l y b d a t e . I t follows t h a t 
t h e h e a t of f o r m a t i o n of t h e p e r m o l y b d a t e is —16-2 CaIs. T h e d i r ec t n e u t r a l i z a t i o n 
of p e r m o l y b d i c ac id deve lops w i t h s o d i u m h y d r o x i d e + 1 1 * 2 CaIs., a n d w i t h 
p o t a s s i u m h y d r o x i d e -+-11*1 CaIs. I t follows t h a t p e r m o l y b d i c ac id will d isplace 
ca rbon ic acid , b u t is itself d i sp laced b y t h e s t r o n g ac ids . T h e a c t i o n of a lka l ine 
h y d r o x i d e s o n t h e p e r m o l y b d a t e s , w i t h p r o d u c t i o n of m o l y b d a t e s , g ives for t h e h e a t 
of f o r m a t i o n of p e r m o l y b d i c ac id f rom m o l y b d i c ac id —15*9 CaIs., a n u m b e r a lmos t 
i den t i ca l w i t h t h a t o b t a i n e d b y t h e a c t i o n of h y d r o g e n d iox ide . T h e ene rgy 
necessa ry for t h e f o r m a t i o n of t h e p e r m o l y b d i c ac id is d e r i v e d f rom t h e decompos i ­
t i o n of t h e h y d r o g e n d iox ide . Acco rd ing t o J . B r u h a t a n d H . D u b o i s , yel low sa l t s 
of t h e ac id , M o 2 O 7 - H 2 O , or H M o O 4 , a re p r o d u c e d b y t h e a c t i o n of p e r b o r a t e s on 
m o l y b d a t e s ; a n d , a cco rd ing t o F . F i c h t e r a n d A. Go ldach , p e r m o l y b d i c acid is 
p r o d u c e d b y t h e a c t i o n of f luorine on a hydrof luor ic ac id soln. of molybd ic acid. 

Accord ing t o W . M u t h m a n n a n d W . Nage l , t h e a n a l y t i c a l m e t h o d s employed 
b y E . P e c h a r d a r e u n s a t i s f a c t o r y . W h a t t h e y called ozomolybdic acid, 
H 2 M o O 5 - I J H 2 O , w a s o b t a i n e d b y d iges t ing m o l y b d e n u m t r iox ide w i t h a 25 p e r cen t . 
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soln. of h y d r o g e n d ioxide , on a w a t e r - b a t h , fil tering, a n d c o n c e n t r a t i n g t h e f i l t ra te 
u n d e r r educed press . T h e o range- red p r o d u c t is a m o r p h o u s ; i t r educes p e r m a n ­
g a n a t e s , si lver oxide , a n d hypoch lo r i t e s ; i t l ibe ra tes ha logens f rom t h e i r h y d r o g e n 
c o m p o u n d s . T h e s a l t s — o z o m o l y b d a t e s — a r e o b t a i n e d b y dissolving m o l y b d a t e s 
i n a 25 per cen t . soln. of h y d r o g e n d iox ide w i t h t h e a id of h e a t . T h e y bel ieve t h a t 
t hese sa l t s a re n o t t r u e p e r m o l y b d a t e s , for t h e h e a t of t h e r e a c t i o n shows t h a t t h e 
a p p a r e n t a d d i t i o n of o x y g e n t o m o l y b d i c ac id rea l ly cons is ts i n t h e r e p l a c e m e n t of 
one a t o m of o x y g e n b y t w o l i nked a t o m s of oxygen as in h y d r o g e n d iox ide or ozone . 
Hence , t h e p r o p o s e d t e r m o z o m o l y b d a t e s , a n d ozomolybdic ac id . L . P i s sa r j ewksy , 
also, r e p e a t e d E . P o c h a r d ' s m o d e of p r e p a r i n g p e r m o l y b d i c ac id , a n d w h e n t h e 
r a t i o of m o l y b d e n u m t o a c t i v e oxygen in t h e p r o d u c t was d e t e r m i n e d b y t i t r a t i o n 
w i t h p o t a s s i u m p e r m a n g a n a t e in su lphur ic ac id soln. , i t w a s found t o b e 1 : 1 in 
a g r e e m e n t w i t h permonomolybdic acid, H 2 M o O 5 . 2 H 2 O , or M o O 3 . H 2 O 2 . 2 H 2 O . 
J . 13. C a m m e r e r also found t h a t w h e n purif ied m o l y b d e n u m t r iox ide is boi led w i t h a 
soln. of h y d r o g e n d ioxide , i t g r a d u a l l y dissolves w i t h t h e evo lu t ion of o x y g e n . 
W h e n t h e yellow- l iqu id is e v a p o r a t e d spon taneous ly , a th ick i sh o range- red m a s s 
is o b t a i n e d , a n d t h i s can be dr ied t o a yellow p o w d e r . T h e ana lys i s co r r e sponds 
w i t h 2 M o O s - H 2 C H 2 O 2 . The h y d r o g e n d ioxide c a n n o t be expe l led b y h e a t a t 
100°. T h e p o w d e r is spa r ing ly soluble in cold w a t e r , b u t is freely soluble in h o t 
wa te r . T h e c o m p o u n d is n o t p r e c i p i t a t e d w h e n t h e soln. in h o t w a t e r is cooled. 
T h e aq . soln. r e ac t s s t rong ly acid ; i t combines w i t h ac ids t o form n e a r l y colourless 
p r o d u c t s ; a n d decomposes a lka l ine c a r b o n a t e s fo rming colourless sa l t s . 

J". B r ode m e a s u r e d t h e d i s t r i bu t i on of h y d r o g e n d iox ide b e t w e e n e t h e r a n d a n 
ac id soln. of m o l y b d a t e . T h e r e su l t is i n d e p e n d e n t of t h e a m o u n t of h y d r o g e n 
d iox ide a n d of t h e cone, of t h e acid be ing a lways in t h e p r o p o r t i o n M o O 3 : H 2 O 2 
= 1 : 2. I n t h e presence of a n excess of h y d r o g e n d ioxide , t h e soln. c o n t a i n s 
H 2 M o O 6 = M o O 2 ( O O H ) 2 ; t h e i n t e n s i t y of t h e co lora t ion w i t h t h e g r a d u a l a d d i t i o n 
of h y d r o g e n dioxide reaches a m a x i m u m w h e n t h e r a t i o is 1 : 1. Th i s is t a k e n t o 
m e a n t h a t t h e soln. con ta in s H 2 MoO 5 == M o O 2 ( O H ) ( O O H ) . L*. P i s sa r j ewsky also 
found t h e t h e r m a l effect, Q CaIs., of dissolving m o l y b d e n u m t r i ox ide in a q . 
h y d r o g e n dioxide, t o be : 

MoIs H 2 O 2 per raol MoO3 1 2 3 5 
H e a t developed, Q . 8-08 12-33 12-33 12-44 CaIs. 

T h e first r eac t ion is a s s u m e d t o be H 2 M o O 4 + H 2 O 2 = H 2 M o O 5 + H 2 O + 8 0 8 4 ca ls . ; 
a n d t h e second H 2 M o O 6 + H 2 O 2 = H 2 M o 0 6 + H 2 0 + 4300 cals . A d d i t i o n s of h y d r o ­
gen d ioxide t o t h e second acid h a v e n o t h e r m a l effect. Consequen t ly , t h e h e a t s 
of f o r m a t i o n of t h e t w o p e r m o l y b d i c ac ids a re ( H 2 M o 0 4 , 0 ) = 13-516 Cals . ; 
( H 2 M o O 4 , 2 O ) = 3 0 , 8 1 2 Cals. ; a n d ( H 2 M o 0 5 , 0 ) = 17-295 Cals. T h e h e a t of neu t r a l i z a ­
t i on of p e r m o l y b d i c acid, H 2 M o O 5 , w i th 2 N a O H is 13,248 Cals. A. Mazzucchel l i 
a n d Gr. Zangri l l i m e a s u r e d t h e f .p. of t h e p e r m o l y b d i c ac ids p r o d u c e d b y a d d i n g 
successive q u a n t i t i e s of h y d r o g e n d iox ide . T h e resu l t s show t h a t t h e n u m b e r of 
d issolved molecules increases only s l ight ly u n t i l t h e r a t i o M o O 3 : H 2 O 2 is a p p r o x i ­
m a t e l y 1 : 1 ; a n d after t h e f o r m a t i o n of H 2 M o O 5 is c o m p l e t e d a fu r the r q u a n t i t y 
of h y d r o g e n dioxide en t e r s i n t o c o m b i n a t i o n . Owing t o d issoc ia t ion , a n d t h e 
f o r m a t i o n of colloidal complexes , t h e resu l t s a re n o t v e r y re l iable . A. Mazzucchel l i 
a n d C. B a r b e r o found t h a t h y d r o g e n d iox ide in a soln. of a m o l of M o O 3 in 10 l i t r e s 
of JV-H2SO4 , g ives a n ox ida t ion p o t e n t i a l of 1-008 t o 1-025 vo l t s w i t h p l a t i n u m 
e lec t rodes . 

T h e genera l r esu l t s show t h a t t h e r e a r e t w o p e r m o l y b d i c ac ids : p e r m o n o ­
molybd ic acid, H 2 M o O 5 , or MoO 3 -H 2 O 2 , a n d perdimolybdic acid, H 2 M o O 6 , or 
M o O 3 . 2 H 2 O 2 , whose cons t i t u t ions , acco rd ing t o L*. P i s sa r j ewsky , c a n b e w r i t t e n : 

y ° 
HO/Mo°\6 HO/M°r-0 o r HO>Mo0\6 

\ 6 
Moiiopermolybdie acid, H8MoO8 Dipermolybdie acid, H8MoO6 
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T h e y c a n also b e f o r m u l a t e d : 

H 0 / M ° \ 0 H 0 . 0 / M < 0 
Monopormolybdic acid, H2MoO5 Dipermolybdic acid, H2MoO8 

Accord ing t o A. Mazzucchel l i a n d G. Zangril l i , if p o t a s s i u m d i h y d r o a r s e n a t o -
m o l y b d a t e be dissolved in w a t e r a n d t r e a t e d w i t h h y d r o g e n dioxide , a n d t h e l iqu id 
a l lowed t o s t a n d for some t i m e , a n orange-yel low powder of po tas s ium m o n o -
permolybdate , K 2 M o O 5 . 3 H 2 O 3 is formed. I t is a lmos t insoluble in cold w a t e r , 
a n d t h e colloidal soln. is opa lescen t , b u t i t becomes clear when t h e wate r is w a r m e d . 
P . Gr. Melikoff a n d L . P i s sa r j ewksy t r e a t e d a cold soln. of th i s sa l t w i t h a soln. of 
p o t a s s i u m h y d r o x i d e a n d h y d r o g e n d ioxide , a n d a d d e d alcohol t o t h e r ed l iquid . 
T h e pa le b r i ck - red p r e c i p i t a t e of p o t a s s i u m dipermolybdate, K 2 M o O 6 - H 2 O , or 
K 2 O 2 - H 2 O 2 - M o O 3 , b ecomes yel low w h e n e x p o s e d t o air , a n d oxygen is g iven ofL 
T h e c o m p o u n d exp lodes w h e n t r i t u r a t e d ; a n d gives off oxygen w h e n t r e a t e d wi th 
w a t e r . W . M u t h m a n n a n d W . Nage l found t h e sa l t t o o u n s t a b l e t o ana lyze sat is­
factor i ly . T h e co r re spond ing s o d i u m dipermolybdate cou ld n o t b e o b t a i n e d 
p u r e e n o u g h for ana lys i s . 

C. B a r w a l d sugges ted complex formulae for t h e p e r m o l y b d a t e s wh ich he p r e p a r e d , 
b u t , acco rd ing t o W . M u t h m a n n a n d W . Nage l , t h e s e formulae a r e v e r y unl ike ly . 
A. Mazzucchel l i a n d Gr. Zangri l l i s t u d i e d complexes of t h e p e r m o l y b d a t e s a n d 
oxa l a t e s ; a n d A. Mazzucchel l i a n d C P,anucci , complexes w i t h o rgan ic ac ids . 
A. Piccini , a n d P . K a s a n e z k y o b t a i n e d f l u o r o x y p e r m o l y b d a t e s as i n d i c a t e d below. 

T h e p e r m o l y b d a t e s c a n b e v e r y r o u g h l y classed b y m e a n s of t h e r a t i o K 2 O : Mo 
= 1 : 1 ; 1 : 2 ; 3 : 7 ; 1 : 3 ; 3 : 10 ; a n d 1 : 4. J . Moller r e p o r t e d a n h y d r o u s 
a m m o n i u m permolybdate , N H 4 M o O 4 , t o be fo rmed b y t h e ac t ion of h y d r o g e n 
d ioxide on a m m o n i u m p a r a m o l y b d a t e , a n d d r y i n g t h e p r o d u c t in v a c u o . A. F o c k 
g a v e for t h e ax ia l r a t i o s of t h e monocl in ic p r i sms a : b : c = 0 4 6 9 3 : 1 : 0*2956, a n d 
/J—112° 37-5 ' . E . P e c h a r d sa id t h a t b y e v a p o r a t i n g t h e soln. in v a c u o , t h e dihydrate 
is fo rmed in yel low monoc l in ic p r i sms which , accord ing t o H . Dufe t , h a v e t h e ax ia l 
r a t i o s a : 6 : c = l - 4 6 8 2 : 1 : 1-0259, a n d 0 = 1 0 5 ° 4 5 ' . J . Moller found t h a t t h e 
f.p. of a q . soln. of 0-6353, 1-0807, a n d 1-1406 g r m s . pe r 100 g r m s . of w a t e r a r e , 
r espec t ive ly , —0-65°, —0-110°, a n d — 0 - 1 1 3 ° ; whi l s t t h e electr ical conduc t iv i t i e s of 
a q . soln. of a m o l of t h e sa l t in 15-65, 16-6, a n d 28-14 l i t res of w a t e r a re , respect ively , 
67-88, 88-12, a n d 109-01. T h e d a t a a re t a k e n t o m e a n t h a t t h e mol . w t . co r re sponds 
w i t h t h e doub led fo rmula ( N H 4 J 2 M o 2 O 8 . As i n d i c a t e d a b o v e , W . M u t h m a n n a n d 
W . Nagel cons ider t h a t b o t h E . P e c h a r d ' s , a n d J . Moller 's ana lyses a r e wrong—v ide 
infra. E . P e c h a r d sa id t h a t t h e sa l t swells u p a n d decomposes w h e n hea t ed . I t 
is spa r ing ly soluble in w a t e r , b u t m o r e soluble in a lcohol . Alcohol e x t r a c t s t h e sa l t 
f rom i t s a q . soln. J . Moller o b t a i n e d a n h y d r o u s po tas s ium permolybdate , K M o O 4 , 
b y t h e ac t ion of 20 p e r cen t , h y d r o g e n d iox ide on p o w d e r e d p o t a s s i u m t r i m o l y b d a t e 
wh ich h a s been fused. T h e orange-co loured soln. depos i t s c rys ta l s of t h e sa l t in a 
few d a y s . J . Moller p re fe r red t h e d o u b l e d formula . E . P e c h a r d r e p o r t e d t h e 
dihydrate. W . M u t h m a n n a n d W . Nage l consider t h a t t h e ana lyses of b o t h 
J . Moller, a n d E . P e c h a r d a r e wrong—v ide infra. E . P e c h a r d said t h a t t h e c rys ta l s 
of t h e d i h y d r a t e a r e monocl in ic p r i sms . T h e sa l t does n o t c h a n g e i t s vol . w h e n 
h e a t e d ; a n d i t decomposes . I t is spar ing ly soluble in cold wa te r , a n d more 
soluble in h o t w a t e r ; t h e a q . soln. is s t ab le a t o r d i n a r y t e m p . , b u t , w h e n boiled, 
i t depos i t s p o t a s s i u m d i m o l y b d a t e . I t behaves l ike t h e a m m o n i u m sa l t t o w a r d s 
a lcohol . P . B l a c k m a n g a v e for t h e c o n d u c t i v i t y , JJL, of J K 2 M o O 4 in v l i t res of 
w a t e r a t 25° : 

32 
123 

04 
120 

128 
133 

25G 
138 

512 
14O 

1024 
144 

E . P e c h a r d r e p o r t e d s o d i u m permolybdate , N a M o 0 4 . 3 H 2 0 , t o b e formed b y dissolv­
ing t h e d i m o l y b d a t e in h y d r o g e n d ioxide a n d e v a p o r a t i n g t h e soliu in vacuo . T h e 
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yel low, p r i s m a t i c c rys t a l s beg in t o m e l t in t h e i r w a t e r of c rys ta l l i za t ion , a n d n e a r 
200°, oxygen is g iven off. T h e s a l t is s p a r i n g l y soluble in w a t e r , a n d insoluble in 
a lcohol . E . P e c h a r d p r e p a r e d copper permolybdate , C u ( M o 0 4 ) 2 . H 2 0 , b y d o u b l e 
decompos i t i on of t h e a m m o n i u m sa l t w i t h a soln. of a cup r i c sa l t . T h e green ish-
yel low p o w d e r is inso luble in w a t e r ; so luble in a q . a m m o n i a ; a n d freely soluble 
i n ac ids . T h e soln. i n h y d r o c h l o r i c ac id s lowly evolves ch lor ine i n t h e cold. I t 
decomposes w h e n h e a t e d . E . P o c h a r d , a n d C. B a r w a l d s imi la r ly p r e p a r e d s i lver 
permolybdate , AgMoO 4 , in ye l low, microscopic o c t a h e d r a , w h i c h g ive off o x y g e n 
w h e n h e a t e d . E . P o c h a r d r e p o r t e d b a r i u m permolybdate* B a ( M o 0 4 ) 2 . 2 H 2 0 , t o 
be fo rmed f rom a soln. of b a r i u m d i m o l y b d a t e in h y d r o g e n d iox ide , or b y w a r m i n g 
a t 80° a soln. of a m m o n i u m p e r m o l y b d a t e a n d b a r i u m chlor ide . T h e yel low, 
microscopic o c t a h e d r a a r e d e c o m p o s e d w h e n h e a t e d . C. B a r w a l d r e p o r t e d m o n o -
clinic p r i s m s of t h e compos i t i on 8 B a O . 1 9 M o O 3 . 2 H 2 O 2 . 1 3 H 2 O t o b e fo rmed b y t h e 
ac t i on of b a r i u m ch lor ide soln. on 7 ( N H 4 ) 2 0 . 1 8 M o O 3 ^ H 2 O 2 - I l H 2 O . T h e ana ly s i s 
is t h u s a close a p p r o x i m a t i o n t o t h a t of E . P e c h a r d ' s sa l t . E . P e c h a r d o b t a i n e d 
magnesium permolybdate, Mg(MoO4)2.10H2O, by a process like t h a t used for the 
b a r i u m sa l t . T h e needle- l ike c rys ta l s m e l t a t 70°, a n d d e c o m p o s e a t a b o u t 200° . 
T h e sa l t is spa r ing ly soluble in wa te r , a n d less so in a lcohol . E . P e c h a r d p r e p a r e d 
b y doub le decompos i t i on mercuTOUS permolybdate , H g M o O 4 , a s a n o range-ye l low 
p o w d e r insoluble in a soln. of a m m o n i u m n i t r a t e ; a n d s imi la r ly also w i t h t l ia l lous 
permolybdate , wh ich is a yellow powder , insoluble in w a t e r , a n d wh ich m e l t s 
w i t h t h e evo lu t ion of oxygen . 

W. Muthmann and W. Nagel prepared ammonium perparamolybdate, 
3 ( N H 4 ) 2 0 . 7 M o O 4 . 1 2 H 2 O , b y s a t u r a t i n g a 20 p e r cen t . soln. of h y d r o g e n d iox ide 
w i t h a m m o n i u m p a r a m o l y b d a t e , a n d e v a p o r a t i n g t h e ye l lowish- red l iqu id . T h e 
o range- red , monoc l in ic c rys ta l s c a n b e recrys ta l l ized f rom a soln. in a sma l l p r o p o r ­
t i o n of w a t e r , b u t t h e y a r e comple te ly decomposed a t 105°. T h e g r a p h i c fo rmu la 
for t h e o range - red sa l t is : 

C O O.O C O O.O O.O O.O O.O 

\ / \ / x/ \ / \ / \ / \ / 
M o - O - M o - O - M o - O - M o - O - M o - O - M o - O - M o 

(ONH4J8 6 6 6 6 6 (ONH4J3 
A n o t h e r sa l t , 3 ( N H 4 ) 2 0 . 5 M o 0 3 . 2 M o 0 4 . 6 H 2 0 ) was p r e p a r e d b y W . M u t h m a n n a n d 
W . Nage l b y e v a p o r a t i n g t h e mother - l iquor . T h e sa l t decomposes a t 170°. T h e 
fo rmula for t h e lemon-yel low sa l t is : 

O.O O.O 
V / O O O O O \ / 
M o - O - M o - O - M o - O - M o - O - M o - M o - O - M o - O-Mo 

(ONH 4 ) , 6 6 6 6 6 (ONH 4J 3 

I t is p r o b a b l e t h a t t h e sa l t p r e p a r e d b y C. B a r w a l d b y t h e a c t i o n of a di l . soln. of 
h y d r o g e n d iox ide on a m m o n i u m p a r a m o l y b d a t e which he r e p r e s e n t e d b y 
1 4 N H 3 . 1 8 M o 0 3 . 3 H 2 0 2 . 1 8 H 2 0 , a s well as t h a t p r e p a r e d b y E . P e c h a r d , as in­
d i c a t e d a b o v e , a n d r ep re sen t ed b y t h e fo rmula N H 4 M o 0 4 . 2 H 2 0 , a r e i m p u r e fo rms 
of t h e p e r p a r a m o l y b d a t e . I n a d d i t i o n t o t h e p rope r t i e s j u s t i nd i ca t ed , C. B a r w a l d 
sa id t h a t t h e s p . gr . of t h e c rys ta l s is 2-975, a n d t h a t of t h e soln. s a t . a t 17-4° is 
1-486. A. Mazzucchel l i a n d C. B a r b e r o found t h a t t h e o x i d a t i o n p o t e n t i a l w i t h a 
22V-SoIn. a n d p l a t i n u m elect rodes is 0-827 t o 0-841 vo l t . W. M u t h m a n n a n d 
W . N a g e l o b t a i n e d ye l low, monocl in ic c rys t a l s of rubid ium perparamolybdate , 
3Rb2O.5MoO3.2MoO4.6HgO, f rom a soln. of r u b i d i u m p a r a m o l y b d a t e in 5 p e r 
cen t , h y d r o g e n d iox ide . 

W . M u t h m a n n a n d W . Nage l r e p o r t e d po tas s ium pertr imolybdate , 
K2O.2M0O3.M0O4.3H2O, t o b e formed b y e v a p o r a t i o n over p h o s p h o r u s p e n t o x i d e of 
a ao ln . of p o t a s s i u m t r i m o l y b d a t e in 20 p e r cen t , h y d r o g e n d iox ide . A sa l t p r e p a r e d 

3Rb2O.5MoO3.2MoO4.6HgO
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i n a s imi lar m a n n e r b y t h e a c t i o n of di l . or c o n e , cold or h o t h y d r o g e n d iox ide on 
p o t a s s i u m p a r a m o I y b d a t e w a s r e p r e s e n t e d b y C. B a r w a l d b y 6 K 2 0 . 1 6 M o O 3 . 
4 H 2 O 2 . 1 3 H 2 O ; a n d t h e sa l t , i n d i c a t e d above , p r e p a r e d b y E . P e c h a r d , a n d 
r e p r e s e n t e d b y K M o O 4 . 2 H 2 O , w a s p r o b a b l y t h i s c o m p o u n d . T h e ye l low c rys ta l s 
h a v e t h e p rope r t i e s i n d i c a t e d a b o v e . J. Moller found t h a t soln. of 1-0144, 1-0892, 
a n d 1-6058 g r m s . of t h e sa l t in 100 g r m s . of w a t e r h a v e t h e respec t ive f .p. —0-086°, 
-4-0-101°, a n d — 0 - 1 3 8 ° ; a n d t h e e lectr ical conduc t iv i t i e s of soln. w i t h 12-49, 
18-32, a n d 1 9 6 7 mols K M o O 4 p e r l i t re a r e , r e spec t ive ly , 85*4, 90*5, a n d 92-1 . 
W . M u t h m a n n a n d W . N a g e l p r e p a r e d rub id ium pertrimolybdate , R b 2 0 . 2 M o O 3 . 
M o O 4 . 3 H 2 O , f rom t h e m o t h e r - l i q u o r of t h e 3 : 10-sal t . T h e lemon-yel low, m o n o -
cl inic c rys t a l s effloresce in air . 

W . M u t h m a n n a n d W . Nage l p r e p a r e d rubid ium pertetramolybdate , 
R b 2 0 . 3 M o O 3 . M o O 4 . 4 H 2 O , b y a l lowing a di l . soln. of r u b i d i u m t r i m o l y b d a t e in 
5 p e r cen t , h y d r o g e n d iox ide t o s t a n d for s o m e t i m e . Pa l e , l emon-yel low c rys t a l s 
a r e fo rmed . A h o t soln. of caesium t e t r a m o l y b d a t e in 25 pe r cen t , h y d r o g e n 
d iox ide g ives o range- red , a m o r p h o u s C 8 e s i u m p e r t e t r a m o l y b d a t e , C s 2 0 . 4 M o 0 4 . 6 H 2 0 . 
W h e n t h e soln. in h o t w a t e r is r a p i d l y cooled, i t depos i t s t h e sa l t u n c h a n g e d . 

W . M u t h m a n n a n d W . Nage l d iges t ed 10 g r m s . of a n h y d r o u s r u b i d i u m t r i ­
m o l y b d a t e w i t h 30 c.c. of w a r m , 25 p e r cen t , h y d r o g e n d iox ide , a n d a l lowed t h e l iquid 
t o s t a n d ove r s u l p h u r i c ac id for 24 h r s . T h e r e su l t i ng ye l lowish-red , a m o r p h o u s 
mass of rubidium perdecamolybdate, 3Rb20.1OMoO4 .14H2O, was washed with 
alcohol a n d e t h e r . T h e e v a p o r a t i o n of t h e m o t h e r - l i q u o r o b t a i n e d in t h e p r e p a r a ­
t i on of caesium p e r t e t r a m o l y b d a t e fu rn i shed ye l low c ry s t a l s of c s e s ium perdeca-
molybdate, 3Cs 2 0.7Mo0 3 .3Mo0 4 .4H 2 0. 
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19O0 ; A . Mazzucchell i , ib.9 (5), 16 . i, 963 , 1907 ; (5), 18 . i i , 259, 1909 ; A- Mazzucchell i a n d 
O. Zangri l l i , Gazz. Chim. Ital.9 87 . ii , 326, 1907 ; 40 . ii , 65, 1910 ; A. Mazzucchelli a n d C. Ranucc i , 
ib.9 4 3 . i i , 116, 426, 1 9 1 4 ; R . Brandes , Schtveigger's Journ., 29 . 325, 331 , 182O ; A . O. S ta rk , 
Pharm. Journ., (3), 2 3 . 757, 1893 ; G. C. Wi t t s t e in , Repert. Pharm., 7 3 . 158, 1841 ; L . F . Svanberg 
a n d H . S t ruve , Svenska A had. Handl.9 1. 9, 1848 ; Journ. prakt. Chem., (1), 44. 257, 1848 ; Phil. 
Mag., (3), 3 3 . 409, 524, 1848 ; C. Ba rwa ld , Beitrdge zur Kenntnis Molybdarus, Ber l in , 1885 ; Ber., 
17 . 1206, 1884 ; F . F i ch t e r a n d A. Goldoch, Helvetica Chim. Acta, 13 . 120O, 193O. 

§ 17. Molybdenum Fluorides 
J . J . Berze l ius 1 o b t a i n e d a n a q . soln. of m o l y b d e n u m trifluoride b y dissolving 

h y d r a t e d m o l y b d i c ox ide in hydrof luor ic ac id ; t h e l i qu id forms a s t icky , soluble , 
p u r p l e - r e d m a s s w h e n e v a p o r a t e d , a n d w h e n h e a t e d b e c o m e s b r o w n a n d is t h e n no 
longer soluble in w a t e r . N e i t h e r t h e a n h y d r o u s s a l t n o r a h y d r a t e h a s been ob t a ined 
sol id . A. R o s e n h e i m a n d H . J . B r a u n a d d e d a m m o n i u m fluoride t o a soln. of 
p o t a s s i u m m o l y b d e n u m fluoride in hydroch lo r i c ac id , a n d o b t a i n e d a m m o n i u m 
m o l y b d e n u m tetrafluoride, ( N H 4 ) M o F ^ H 2 O , a s a v io le t p r ec ip i t a t e , which is m o r e 
so lub le t h a n t h e p o t a s s i u m sa l t , a n d is h y d r o l y z e d b y w a t e r . If t h e violet soln. 
of t h i s s a l t is a l lowed t o s t a n d over su lphu r i c ac id , b lu ish-vio le t c rys t a l p l a t e s of 

vol . . Xl. 2 R 
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ammonium molybdenum enneafluoride, 2MoF s .3NH4F, or (NH4)3Mo2F9 ) are 
fo rmed . Th i s s a l t is r e ad i l y h y d r o l y z e d b y w a t e r . J . J . Berze l ius o b s e r v e d t h a t 
a rose- red p r e c i p i t a t e is f o r m e d w h e n p o t a s s i u m fluoride is a d d e d t o a soln. of 
m o l y b d e n u m t r i f luor ide . B y e lec t ro lyz ing soln. of m o l y b d e n u m t r i o x i d e i n cone , 
hydrof luor ic acid, us ing a m e r c u r y c a t h o d e a n d a d d i n g t h e a lka l i fluorides t o t h e 
soln., A . R o s e n h e i m a n d T . H . L i p r e p a r e d a m m o n i u m m o l y b d e n u m enneaf luor ide , 
( N H 4 ) 3 M o 2 F 9 . 2 H 2 0 , a s well as po tass i iunrno lybdenurnenneaf luor ide ,K 3 Mo 2 F 9 . 2H 2 O. 
A. R o s e n h e i m a n d H . J . B r a u n o b t a i n e d p o t a s s i u m m o l y b d e n u m tetrafluoride, 
K M o F 4 . H 2 O , b y t h e e l ec t ro - r educ t ion of a soln. of m o l y b d e n u m t r i o x i d e in h y d r o ­
chlor ic ac id , a n d a d d i n g p o t a s s i u m fluoride t o t h e l iquor . T h e v io le t c rys ta l l ine 
p r e c i p i t a t e is g r a d u a l l y d e c o m p o s e d b y w a t e r . I t w a s n o t poss ible t o p r e p a r e 
sodium molybdenum tetrafluoride pure enough to justify analysis. 

J . J . Berze l ius o b t a i n e d a r e d soln. of m o l y b d e n u m tetrafluoride, M o F 4 , b y t h e 
ac t i on of hydrof luor ic ac id on h y d r a t e d m o l y b d e n u m d iox ide . W h e n s lowly 
e v a p o r a t e d , t h e l i qu id becomes b lue if t h e ac id is n o t in excess , a n d i t l eaves a 
b l a c k c rys ta l l ine res idue wh ich fo rms a r ed soln. w i t h w a t e r . I t is d e c o m p o s e d if 
m o r e s t r o n g l y h e a t e d . T h e b lue m o l y b d e n u m ox ide g ives a b lue soln. w i t h h y d r o ­
fluoric acid , wh ich does n o t crys ta l l ize . Complex sa l t s h a v e n o t b e e n r e p o r t e d ; 
a l t h o u g h J . J . Berze l ius obse rved t h a t a p r e c i p i t a t e is fo rmed w h e n p o t a s s i u m 
fluoride is a d d e d t o t h e soln. 

Acco rd ing t o O. Ruff a n d F . E i sne r , 2 t h e y cou ld n o t p r e p a r e m o l y b d e n u m p e n t a -
fluoride, M o F 5 ; b u t m o l y b d e n u m hexafluoride, M o F 6 , c an b e o b t a i n e d b y t h e 
a c t i o n of h y d r o g e n fluoride o n m o l y b d e n u m pen t ach lo r ide , a s well a s f rom m o l y b ­
d e n u m p e n t a c h l o r i d e a n d a n t i m o n y pen ta f luo r ide . I t is b e s t o b t a i n e d b y t h e 
a c t i o n of fluorine o n f inely-divided m o l y b d e n u m a t 60° t o 70°, a n d col lect ing t h e 
p r o d u c t i n a glass receiver a t —70° . I t c a n b e purif ied b y red is t i l l a t ion . T h e 
w h i t e c rys ta l l ine m a s s h a s a in .p . of 17°, a n d a b . p . of 35° a t 760 m m . I t is n o t 
affected b y a i r . I t is easi ly r e d u c e d t o a b l u e fluoride ; t h e p resence of d u s t from 
t h e a i r is sufficient for t h i s p u r p o s e . I t fo rms a colourless soln. w i t h a n excess of 
w a t e r ; m o i s t air , or a l i t t l e wa te r , fo rms a b lue m o l y b d e n u m ox ide . T h e sa l t does 
n o t r e a c t w i t h ch lor ine ; b u t w i t h iod ine i t fo rms a b r o w n p r o d u c t ; i t fo rms a n 
o r a n g e p r o d u c t -with s u l p h u r ; a n d i t is indifferent t o w a r d s s u l p h u r d iox ide . I t 
r e a c t s v igorous ly w i t h gaseous a m m o n i a , fo rming a b r o w n p o w d e r . I t is a b s o r b e d 
b y a q . a m m o n i a ; w i t h p h o s p h o r u s i t fo rms a pa le b lue s u b s t a n c e , a n d i t r e a c t s 
w i t h p h o s p h o r u s t r i ch lo r ide a n d w i t h p h o s p h o r y l ch lor ide ; i t f o rms yel lowish-
b r o w n c ry s t a l s w i t h a r sen ic t r i ch lo r ide ; a n d i t also r e a c t s w i t h a n t i m o n y p e n t a ­
ch lor ide . Ifc is r e d u c e d b y o rgan ic s u b s t a n c e s — l i k e paraffin, b l o t t i n g p a p e r , a n i m a l 
sk in , etc .—-and b e c o m e s ind igo-b lue . Meta l s—copper , lead , i ron , e t c . — r e a c t fo rming 
co loured s u b s t a n c e s ; b u t gold, a n d p l a t i n u m h a v e n o ac t ion . I t is a b s o r b e d b y 
a lkal i - lye , a n d fo rms c o m p l e x sa l t s w i t h a lka l i fluorides, b u t t h e y h a v e n o t b e e n 
descr ibed . N . V. S idgwick d iscussed t h e e lec t ron ic s t r u c t u r e of t h i s sa l t . 

E S F E B E N O E S . 
1 J . J . Berzelius, Schtveigger*s Journ., 22 . 5 1 , 1817 ; Ann. Chivn. Phys., (2), 17. 5, 1921 ; 

Pogg. Ann.y 4 . 153, 1825 ; 6. 331 , 369, 1826 ; 7 . 261 , 1826 ; H . J . B r a u n , Untersuchungen ilber 
das Molybdan, Berl in, 1904 ; A . Rosenhe im a n d H . J . B r a u n , Zeit. anorg. Chem., 46 . 311 , 1905 ; 
A . Rosenhe im and T . H . L i , Ber., 56 . B , 2228, 1923. 

a O. Ruff, Zeit. angew. Chem., 20 . 1217, 1907 ; O. Ruff a n d F . Eisner , Ber., 8 8 . 742, 1905 ; 
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§ 1 8 . M o l y b d e n u m Oxyfluorides 

W . W a r d l a w a n d R . L . W o r m e l l 1 p r e p a r e d a sa l t of t e r v a l e n t m o l y b d e n u m , 
n a m e l y , m o l y b d e n y l fluoride, M o O F . 3 £ H 2 0 , or M o O F . 4 H 2 0 , b y d o u b l e decompos i ­
t i o n of t h e oxych lo r ide w i t h a m m o n i u m fluoride i n a n air-free, a q . soln . T h e 
inso luble , buff-coloured p r e c i p i t a t e h a s s imi l a r p r o p e r t i e s t o t h e c o r r e s p o n d i n g 
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ch lor ide a n d b r o m i d e , [ M o O R . 4 H 2 O ] . T h e solubi l i ty , a n d ease of hyd ro lys i s increase 
•with inc reas ing a t . w t . of t n e ha logen a t o m . T h e u n i v a l e n t m o l y b d e n y l rad ica l , 
MoO, a p p e a r s t o pers i s t in a q . spin. T h e oxygen a t o m seems t o b e f i rmly a t t a c h e d 
t o t h e m o l y b d e n u m n u c l e u s a n d t h e whole b e h a v e s l ike a u n i v a l e n t m e t a l . Th i s 
c o n c e p t i o n is s u p p o r t e d b y t h e ex i s t ence of o the r insoluble m o l y b d e n y l sa l t s , such 
a s t h e b e n z o a t e , p h o s p h a t e , sa l i cy la te . 

T h e s a l t of q u i n q u e v a l e n t m o l y b d e n u m , m o l y b d e n u m oxytrif luoride, M o O F 3 , 
h a s n o t been p r e p a r e d . T h e r e is some d o u b t w h e t h e r t h e m o l y b d e n u m tr ioxytetra-
fluoride, M o 2 O 3 F 4 , of E . F . S m i t h a n d V. Oberho l t ze r c o n t a i n s q u i n q u e v a l e n t or 
s e x i v a l e n t m o l y b d e n u m . I t w a s o b t a i n e d in red , needle- l ike c rys ta l s , b y t h e ac t ion 
of h y d r o g e n fluoride on m o l y b d e n u m t r i o x i d e a t 300° t o 400°. I t a t t a c k s glass ; 
a n d g r a d u a l l y decomposes , fo rming b lue ox ide . I t is de l iquescen t , a n d easi ly 
so luble in hydrof luor ic ac id , b u t n o t in w a t e r . I n d i c a t i o n s of o t h e r p r o d u c t s were 
o b t a i n e d . 

A l t h o u g h m o l y b d e n u m oxyt r i f luor ide is u n k n o w n , a n u m b e r of complex sa l t s 
h a s b e e n p r e p a r e d . These a r e of t w o t y p e s : 5 R F . 3 M o O F 3 , a n d 2 R F . M o O F 3 . 
F . M a u r o f o u n d t h a t a soln. of a m m o n i u m m o l y b d e n u m oxypen ta f luo r ide i n h o t 
hydrof luor ic ac id , w h e n c o n c e n t r a t e d a n d cooled , furnishes sky -b lue needles of 
a m m o n i u m m o l y b d e n u m trioxytetradecaf luoride, 5 N H 4 F . 3 M o O F 3 . H 2 O , which , 
under* t h e mic roscope , a p p e a r a s h e x a g o n a l c ry s t a l s . T h e sa l t is d e c o m p o s e d b y 
w a t e r , a n d a c t s as a r e d u c i n g a g e n t . T h e c r y s t a l s a r e i s o m o r p h o u s w i t h t h e 
c o r r e s p o n d i n g s e x i v a l e n t sa l t , 5 N H 4 F ^ M o O 2 F 2 - H 2 O . T h e a n a l o g o u s p o t a s s i u m 
molybdenum trioxytetradecafluoride, 5KF.3MoOF3 .H2O, was prepared in a 
s imi la r m a n n e r . 

F . M a u r o a n d H . H . P a n e b i a n c o d isso lved m o l y b d e n u m d iox ide i n hydrof luor ic 
ac id a n d a d d e d a m m o n i a un t i l t h e soln. b e c a m e b r ow n i sh - r ed ; hydrof luor ic ac id 
w a s t h e n a d d e d u n t i l t h e soln. b e c a m e green . T h e l iqu id w a s t h e n e v a p o r a t e d 
when sky-blue plates of ammonium oxypentafluomolybdate, 2NH4F.MoOF3 , or 
( N H 4 J 2 [ M o O F 5 ] , were fo rmed . A soln. of t h i s sa l t w a s also o b t a i n e d b y t h e e lect ro­
lysis of 2 N H 4 F . M o O 2 F 2 . E . Scacchi g a v e for t h e a x i a l r a t i o s of t h e r h o m b i c 
b i p y r a m i d s a : b : c = 0 - 4 2 1 4 : 1 : 1-0260. T h e c rys t a l s a r e i s o m o r p h o u s w i t h t h o s e 
of 2 N H 4 F . M o O 2 F 2 . L . P . L i e c h t i a n d B . K e m p e o b s e r v e d t h a t t h e a d d i t i o n of 
m o l y b d e n u m p e n t a c h l o r i d e t o a soln. of p o t a s s i u m fluoride gives a p r e c i p i t a t e 
p r e s u m a b l y p o t a s s i u m oxypenta f luomolybdate , 2 K F . M o O F 3 . H 2 O , a sa l t o b t a i n e d 
b y F . M a u r o b y a d d i n g p o t a s s i u m fluoride t o a soln. of h y d r a t e d m o l y b d e n u m 
d iox ide in hydrof luor ic ac id ; a n d also b y t h e e lectrolysis of a soln. of 2 K C L M o O 2 F 2 . 
E . Scacch i g a v e for t h e ax i a l r a t i o s of t h e monoc l in ic p r i s m s , a : b : c 
= 0 - 9 9 9 7 : 1 : 1-0320, a n d £ = 9 9 ° 4 ' . T h e (OlO)-cleavage is i nd i s t i nc t . F . M a u r o 
a d d e d t h a t t h e sa l t c h a n g e s v e r y l i t t l e on e x p o s u r e t o a i r , a n d w h e n h e a t e d , i t 
g ives off w a t e r , e t c . , f o rming n o r m a l p o t a s s i u m m o l y b d a t e . T h e s a l t is d e c o m p o s e d 
b y w a t e r or d i l . h y d r o c h l o r i c ac id , b u t n o t b y di l . hydrof luor ic ac id . I t r educes 
soln. of sa l t s of copper , s i lver, a n d gold. F . M a u r o also p r e p a r e d copper m o l y b ­
d e n u m pentaf luomolybdate , C u F 2 - M o O F 3 ^ H 2 O , in b lue , s ix-s ided monocl in ic 
p l a t e s which , a c c o r d i n g t o E . Scacchi , h a v e t h e ax i a l r a t i o s a : b : c 
= 1-4745 : 1 : 1-0929, a n d j8=*=85° 4 3 ' , a n d a r e i s o m o r p h o u s w i t h C u F 2 . M o O 2 F 2 . 4 H 2 O . 
T h e s a l t c a n b e c rys ta l l i zed u n c h a n g e d f rom hydrof luor ic ac id ; b u t i t is decom­
p o s e d b y w a t e r . L ikewise a l so w i t h z i n c m o l y b d e n u m oxypentaf luomolybdate , 
Z n F 2 - M o O F 8 . 6 H 2 O , w h i c h furn ishes b lue , de l iquescen t t r i g o n a l c rys ta l s i somor­
p h o u s w i t h Z n F 2 - M o O 2 F 2 - B H 2 O , a n d w i t h t h e ax i a l r a t i o a : c = l : 0-5136. F . Mauro 
a l so p r e p a r e d tha l l ous m o l y b d e n u m oxypentaf luomolybdate , 2 T l F . M o O F 3 , in 
d a r k g reen r h o m b i c b i p y r a m i d s w i t h t h e ax i a l r a t i o s a : b : c=0-4329 : 1 : 1-0295. 
T h e s a l t beg ins t o d e c o m p o s e a t 240° . 

O. Ruff a n d F . E i s n e r 2 s a id t h a t m o l y b d e n u m oxytetrafluoride, M o O F 4 , is 
f o r m e d i n t n e a c t i o n of fluorine o n a m o l y b d e n u m ox ide ; a n d t h e y p r e p a r e d i t by 
dis t i l l ing h y d r o g e n fluoride i n t o a well-cooled vessel c o n t a i n i n g m o l y b d e n u m 
oxy te t r a f l uo r ide ; t h e p r o d u c t is w a r m e d t o 30° , a n d , w h e n t h e reac t ion is ended , 
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i t is d is t i l led from a s u l p h u r i c ac id b a t h a t 230°. T h e w h i t e , hygroscop ic solid 
becomes b lue w h e n exposed t o a i r , a n d del iquesces . I t s sp . gr . is 3*001 a t 20° ; 
i t s in te r s a t 96° ; m e l t s a t 97° t o 98° a n d boils a t a b o u t 180°. I t d issolves w i t h a 
hiss ing noise in w a t e r , a n d fo rms a colourless soln. ; a n d s imi la r ly w i t h a lcohol . 
W h e n t h e aq . soln. is e v a p o r a t e d , m o l y b d e n u m t r iox ide r e m a i n s . T h e sa l t dissolves 
w i t h t h e evo lu t ion of a g a s in ch loroform a n d e the r , fo rming g reen or yel low soln. ; 
i t is spa r ing ly soluble in benzene , a n d c a r b o n d i su lph ide ; a n d insoluble in t o l u e n e . 
I t is r educed b y soln . of o rgan ic s u b s t a n c e s . W i t h su lphur i c ac id i t fo rms a colour­
less soln. g iv ing off h y d r o g e n fluoride ; a n d i t g ives b r o w n soln. w i t h p h o s p h o r u s 
t r i ch lo r ide , p h o s p h o r y l chlor ide , a r sen ic t r ich lor ide , s u l p h u r monoch lo r ide , a n d 
py r id ine . G. M a r c h e t t i obse rved t h a t w h e n p o t a s s i u m m o l y b d a t e , o r p o t a s s i u m 
d i o x y t e t r a f l u o m o l y b d a t e is t r e a t e d w i t h cone, hydrof luor ic acid , i t furn ishes 
potassium oxypentafluomolybdate, KF.MoOF4, or K[MoOF5], or 

F / M ° \ O K 

J . J . Berzel ius 3 found t h a t m o l y b d e n u m t r iox ide dissolves freely in hydrof luor ic 
ac id , fo rming a colourless soln. which h a s a sour , a n d meta l l i c t a s t e ; t h e l iquid shows 
n o s igns of c rys ta l l i za t ion w h e n i t is e v a p o r a t e d , a n d i t acqu i res a g reen or b lue t i n g e 
o w i n g t o r e d u c t i o n b y par t ic les of o rganic d u s t . T h e d r i ed m a s s is on ly p a r t i a l l y 
so luble in w a t e r ; t h e insoluble p o r t i o n consis ts of m o l y b d e n u m t r i ox ide m i x e d 
w i t h a l i t t l e fluoride. H . O. Schulze obse rved t h a t m o l y b d i c ac id r eac t s w i t h m e t a l 
fluorides, fo rming m o l y b d e n u m dioxydifluoride, M o O 2 F 2 ; whi l s t O. Ruff a n d 
F . E i s n e r o b t a i n e d i t b y t h e ac t ion of h y d r o g e n fluoride on m o l y b d e n u m d ioxyd i -
ch lo r ide a s in t h e case of t h e p r e p a r a t i o n of t h e oxy te t r a f luo r ide (q.v.). T h e w h i t e 
c rys t a l l i ne s u b l i m a t e h a s a fa int b lue t i nge ; i t h a s a sp . gr . 3-494 a t 19° ; i t beg ins 
t o sub l ime a t 265°, a n d a t 271° s u b l i m a t i o n r a p i d l y occurs . I t is v e r y hygroscop ic , 
a n d in m o i s t a i r i t forms hydrof luor ic a n d m o l y b d i c ac ids . I t fo rms a colourless 
soln. w i t h w a t e r ; if only a smal l p r o p o r t i o n of w a t e r is used , t h e soln. is b lue . I t 
i s a lso soluble in m e t h y l a n d e thy l alcohols ; spa r ing ly so lub le in chloroform, c a r b o n 
t e t r ach lo r ide , a n d e t h e r ; a n d insoluble in t o luene . T h e h o t soln. in p y r i d i n e 
d e p o s i t s o n cool ing a whi t e , microcrys ta l l ine s u b s t a n c e . I t is so luble in s u l p h u r y l 
•chloride, p h o s p h o r u s a n d arsenic t r ich lor ides ; a n d in silicon t e t r a c h l o r i d e — w h e n 
t h e s e soln. a r e w a r m e d , a gas is deve loped . A n u m b e r of Oxyfluomolybd&tes h a s 
b e e n p r e p a r e d . S t a r t i n g from t h e n o r m a l m o l y b d a t e , ( R O ) 2 M o O 2 , t h e r e a re : 

Type I. Type II . Type III . Type IV. Type V. 
° v TV>T / F F 2 S V ^ / O R F » \ M ^ F F - ^ , , / O R F 2 V , , / F 
0 / M ° \ O R 0 > M o \ O R 0 > \ O R F * > M < O R F / M ° \ O R 

[Mo ° F * ] R [ M O J - J R 1 [Mo ; - ] R [Mo g - ] R . [Mo F ° J R 

RF-MoO3 2EF 1 MoO 3 E F . M o 0 2 F 3 2RF.MoO a F 2 RF-MoOF4 

R e p r e s e n t a t i v e s of T y p e I h a v e n o t been o b t a i n e d ; a n d T y p e V h a s b e e n 
d i scussed a b o v e . T y p e I I is r e p r e s e n t e d b y ft-nrmnrminwiri tr ioxydi f luomolybdate , 
N H 4 [ M o O 3 F 2 ] , or 2 N H 4 F . M o O s , w h i c h F . M a u r o * o b t a i n e d b y m i x i n g a soln . of t h e 
d i o x y p e n t a f l u o m o l y b d a t e w i t h a m m o n i a . T h e p r e c i p i t a t e is d isso lved in a h o t 
a m m o n i a c a l soln. of a m m o n i u m fluoride, a n d t h e soln. e v a p o r a t e d s p o n t a n e o u s l y in 
a i r or over su lphur i c acid . T h e r h o m b i c b i p y r a m i d s were found b y A . Scacchi t o 
h a v e t h e ax ia l r a t io s a : b : c=0-574:6 : 1 : 0-6771 ; a n d t o e x h i b i t t w i n n i n g a n d 
t r i l l ing . U . Alvisi found t h a t t h e s a l t is inso luble in w a t e r , a n d , a d d e d F . M a u r o , 
w a t e r decomposes t h e sa l t . I t is n o t c h a n g e d a t 100°, b u t a t a h ighe r t e m p , d e c o m ­
pos i t ion se t s in. F . M a u r o p r e p a r e d thaUous dioxytri f luomolybdate , T l [ M o O 2 F 8 ] , 
o r T l F - M o O 2 F 2 , f rom a soln. of t h e d i o x y t e t r a f l u o m o l y b d a t e in cone , hydrof luor ic 
ac id . T h e sa l t beg ins t o decompose a t 240° . -A. Scacchi found t h a t t h e monoc l in i c 
p r i s m s h a v e t h e a x i a l r a t i o s a : b : c = 0 6 1 9 9 : 1 : 1-3976, a n d £==93° 5 3 ' , a n d a r e 
i s o m o r p h o u s w i t h t h e a m m o n i u m sa l t . 

627 
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T y p e I I I is r e p r e s e n t e d b y a m m o n i u m dioxytrif luoride, N H 4 [ M o O 2 F 3 ] , or 
N H 4 F - M o O 2 F 2 , p r e p a r e d b y F . M a u r o b y e v a p o r a t i n g over s u l p h u r i c ac id a h y d r o ­
fluoric ac id soln. of t h e h e x o x y h e n a f l u o r n o l y b d a t e , a n d U . Alvis i , b y t h e a c t i o n of 
hydrof luor ic ac id on 1 : 2 4 - p h o s p h o m o l y b d i c ac id or i t s a m m o n i u m sa l t . T h e 
colourless , monoc l in ic p r i s m s -were f o u n d b y A. Scacchi t o h a v e t h e a x i a l r a t i o s 
a : b : c = O 6 3 0 2 : 1 : 0-4255, a n d y S = 9 4 ° 7 \ a n d t o b e i s o m o r p h o u s w i t h t h e t h a l l i u m 
sa l t . T h e sa l t t u r n s g r e e n o n e x p o s u r e t o a i r . M. De l a fon t a ine desc r ibed a hydrate, 
N H 4 F . M o O 2 . H 2 O , o b t a i n e d in r h o m b i c c rys t a l s b y t h e ac t i on of hydrof luor ic a c id 
o n d i o x y t e t r a f l u o m o l y b d a t e , o r a n ac id a m m o n i u m m o l y b d a t e . T h e fo rm of t h e 
c r y s t a l s is t h e s a m e as t h a t of t h e d i o x y p e n t a f l u o m o l y b d a t e , a n d M. De l a fon t a ine ' s 
d e t e r m i n a t i o n of t h e c o n t a i n e d m o l y b d e n u m appl ies t o e i the r sal t , hence F . M a u r o 
be l i eved t h a t M. D e l a f o n t a i n e ' s h y d r a t e is r ea l l y t h e d i o x y p e n t a f l u o m o l y b d a t e . 
M. D e l a f o n t a i n e also r e p o r t e d p r i s m a t i c c rys t a l s of p o t a s s i u m dioxytr i f luomolybdate , 
K [ M o 0 2 F 3 ] . H 2 0 , or K F . M o 0 2 F 2 . H 2 0 , t o be f o r m e d b y t h e a c t i o n of hydrof luor ic 
ac id on a n ac id p o t a s s i u m m o l y b d a t e , or t h e d i o x y t e t r a f l u o m o l y b d a t e . G. M a r c h e t t i 
cou ld n o t p r e p a r e t h i s s a l t , a n d h e r e g a r d e d t h e p r o d u c t a s a m i x t u r e of t h e d ioxy ­
t e t r a f l u o m o l y b d a t e w i t h a n o t h e r sa l t a s wel l a s K F . M o O F 4 . T h e r e a r e s imi lar 
d o u b t s a b o u t M . De l a fon t a ine ' s rub id ium d i o x y t r i f l u o m o l y b d a t e , R b F . M o 0 2 F 2 . H 2 0 . 

T y p e I V is r e p r e s e n t e d b y a m m o n i u m dioxytetraf luomolybdate , 2 N H 4 F - M o O 2 F 2 , 
or ( N H 4 J 2 [ M o O 2 F 4 ] , p r e p a r e d b y F . M a u r o b y e v a p o r a t i n g a soln. of a m m o n i u m 
t r i o x y d i f l u o m o l y b d a t e , a n d U . Alvis i o b t a i n e d i t f rom t h e m o t h e r - l i q u i d o b t a i n e d 
in t h e p r e p a r a t i o n of t h i s sa l t . T h e colour less p l a t e s or p r i s m s a re i s o m o r p h o u s 
w i t h t h e c o r r e s p o n d i n g o x y f l u o c o l u m b a t e a n d o x y f l u o t u n g s t a t e . T h e r h o m b i c 
b i p y r a m i d s were f o u n d b y A. Scacch i t o h a v e t h e ax i a l r a t i o s a : b : c 
= 0 - 4 2 0 7 : 1 : 0 0 1 6 4 . F . M a u r o f o u n d t h a t t h e sa l t is u n c h a n g e d a t 100°, b u t is 
d e c o m p o s e d a t a h ighe r t e m p . I t is freely soluble in w a t e r , a n d t h e e v a p o r a t i o n 
of t h e a q . soln . g ives t h e s a l t u n c h a n g e d . M. D e l a f o n t a i n e r e p o r t e d t h a t t h e m o n o -
h y d r a t e is p r o d u c e d b y e v a p o r a t i n g a soln. of a m m o n i u m p a r a m o l y b d a t e in h y d r o ­
fluoric ac id a n d a m m o n i u m fluoride. T h e c r y s t a l s a r e sa id t o be t r ic l inic 
l ike t h e a n a l o g o u s p o t a s s i u m sa l t w i t h w h i c h t h e y a r e i s o m o r p h o u s . I t is r a t h e r 
m o r e soluble t h a n t h e p o t a s s i u m sa l t . B y e v a p o r a t i n g a soln. of a m m o n i u m d i o x y ­
t e t r a f l u o m o l y b d a t e or t r i o x y d i f l u o m o l y b d a t e in a m m o n i a o v e r s u l p h u r i c ac id or in 
a ir , F . M a u r o o b t a i n e d o c t a h e d r a l c r y s t a l s of a m m o n i u m tr ioxytr i f luomolybdate , 
( N H 4 ) 2 O . N H 4 F . M o 0 2 F 2 , or M o O a . 3 N H 4 F , or F 3 M o ( O N H 4 ) 8 , or (NH 4 J 3 [MoO 3 F 3 ] ; 
t h e s e c r y s t a l s a r e i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g t u n g s t a t e . T h e y a re s t a b l e 
a t 100°, a n d w h e n r o a s t e d furn ish m o l y b d e n u m t r i ox ide . T h e sa l t c a n be c ry s t a l ­
l ized u n c h a n g e d f rom i t s a q . soln. L . P a u l i n g found t h a t t h e r e a r e four molecules 
p e r u n i t f ace -cen t red , cub ic l a t t i c e . T h e space - l a t t i ce h a s a = 9 * 1 0 A., a n d t h e 
i n t e r a t o m i c d i s t a n c e s Mo t o F = 1 * 9 A. , a n d F t o F , 5*3 A. T h e o c t a h e d r a l c l e avage 
is pe r fec t . 

M. D e l a f o n t a i n e p r e p a r e d s o d i u m dioxytetraf luomolybdate , N a 2 [ M o O 2 F 4 ] ^ H 2 O , 
o r 2 N a F . M o O 2 F 2 . J H 2 O 5 f rom a soln . of n o r m a l s o d i u m m o l y b d a t e in a smal l excess 
of hydrof luor ic ac id . T h e c r y s t a l s lose t h e i r w a t e r w h e n h e a t e d in a c losed vessel ; 
a n d a r e d e c o m p o s e d w h e n h e a t e d i n a i r fo rming n o r m a l s o d i u m m o l y b d a t e . 
J . J . Berze l ius m i x e d p o t a s s i u m fluoride w i t h a soln. of m o l y b d e n u m t r i o x i d e i n h o t 
hydrof luor ic ac id , a n d o b t a i n e d a p r e c i p i t a t e of w h a t w a s p r o b a b l y p o t a s s i u m d i o x y -
te tramolybdate , K 2 [ M o O 2 F 4 ] . H 2 O , or 2 K F - M o O 2 F 2 . H 2 O ; G. M a r c h e t t i a d d e d t h e 
t h e o r e t i c a l p r o p o r t i o n of p o t a s s i u m h y d r o x i d e i n s t e a d of t h e fluoride ; J . J . Berzel ius , 
a n d M. D e l a f o n t a i n e o b t a i n e d t h e sa l t f rom a soln . of n o r m a l p o t a s s i u m m o l y b d a t e 
i n a sma l l excess of hydrof luor ic ac id ; a n d XJ. Alvis i , f rom a soln. of p o t a s s i u m 
hydrof luor ide a n d 1 : 2 4 - p h o s p h o m o l y b d i c ac id . T h e t a b u l a r or sca ly c rys t a l s 
we re sa id b y J . J . Berze l ius t o r e semble t h e c ry s t a l s of bor ic ac id , a n d those of t h e 
c o r r e s p o n d i n g t u n g s t e n s a l t ; M. De la fon t a ine also n o t e d t h e i r r e s emb lance t o t hose 
of t h e oxyf luo-co lumba tes , t i t a n a t e s , a n d t u n g s t a t e s ; t h e c ry s t a l s were said t o be 
t r ic l in ic , b u t A . Scacchi s h o w e d t h a t t h e v a r e monoc l in ic p r i s m s w i t h t h e ax ia l 
r a t i o s a : b : c = 1 0 0 0 6 : 1 : 0-9994, a n d £ = 1 0 3 ° 2 9 ' . G. M a r c h e t t i sa id t h a t t h e 



6 1 4 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

a n h y d r o u s sa l t is o b t a i n e d b y h e a t i n g t h e h y d r a t e t o 100° ; or b y c rys ta l l i za t ion 
from a soln. in h o t hydrof luor ic ac id . M. De la fon ta ine , a n d J . J . Berzel ius sa id t h a t 
t h e c rys ta l s a re s t ab l e in a i r ; a n d t h e y lose a b o u t 6 pe r cen t , of w a t e r a t a b o u t 60° ; 
a n d t h e y m e l t w i t h o u t fu r the r decompos i t i on w h e n h e a t e d , fo rming a yel lowish-
b r o w n m a s s . W h e n r o a s t e d in air , n o r m a l p o t a s s i u m m o l y b d a t e is fo rmed . H y d r o ­
fluoric ac id is g iven off w h e n t h e sa l t is h e a t e d w i t h cone , su lphur i c ac id . T h e sa l t 
dissolves freely in boi l ing w a t e r , a n d t h e cooling soln. depos i t s t h e u n c h a n g e d 
c rys ta l s . 

F . M a u r o p r e p a r e d copper dioxytetraf luomolybdate , C u F 2 . M o 0 2 F 2 . 4 H 2 0 , or 
C u [ M o O 2 F 4 ] . 4 H 2 O , b y e v a p o r a t i n g a hydrof luor ic ac id soln. of a mo l each of coppe r 
oxide a n d m o l y b d e n u m t r i ox ide . T h e pa le b lue monocl in ic p l a t e s were found b y 
A. Scacchi t o h a v e t h e ax ia l r a t io s a : b : c = l - 4 8 2 8 : 1 : 1-0987, a n d j 8 = 8 5 ° 9 ' , a n d 
t o be i s o m o r p h o u s w i t h t h e co r respond ing copper oxy f luo tungs t a t e a n d c o l u m b a t e , 
a s well a s w i t h t h e copper fluosilicate, t i t a n a t e a n d s t a n n a t e . F . M a u r o sa id t h e 
sa l t is s t ab l e in d r y a i r ; in m o i s t air , w a t e r is ab so rbed ; a t 115°, i t loses i t s w a t e r 
a n d becomes pa le g reen ; a n d a t 130°, t h e evo lu t ion of hydrof luor ic ac id begins . 
M. De la fon ta ine p r e p a r e d z inc dioxytetraf luomolybdate, Z n [ M o O 2 F 4 ] . 6 H 2 O , or 
Z n F 2 . M o O 2 F 2 . 6 H 2 O , b y e v a p o r a t i n g a hydrof luor ic ac id soln. of eq. p r o p o r t i o n s 
of zinc ox ide a n d m o l y b d e n u m t r iox ide . T h e t r i gona l p r i sms h a v e t h e ax ia l r a t i o 
a : c = l : 0-5166, a n d t h e sa l t is i somor phous w i t h t h e o x y p e n t a n u o m o l y b d a t e a n d 
c o l u m b a t e s of m a g n e s i u m , zinc, c a d m i u m , m a n g a n e s e , cobal t , a n d nickel , a n d w i t h 
t h e cor responding fluosilicates, f luo t i t ana tes , a n d f luos tanna tes . H . G r i m m s t u d i e d 
t h e miscibi l i ty of these c rys ta l s w i t h t hose of zinc f luos t anna te . B . Gossner g a v e 
2-151 for t h e sp . gr. W h e n roas t ed , n o r m a l zinc m o l y b d a t e is formed. M. Delafon­
t a i n e also p r e p a r e d c a d m i u m dioxytetraf luomolybdate , C d [ M o O 2 F 4 ] . 6 H 2 O , or 
C d F 2 . M o O 2 F 2 . 6 H 2 O , as in t h e case of t h e z inc sa l t . T h e t r i gona l p r i s m s h a v e t h e 
ax ia l r a t i o a : c=l : 0-5159. M. De la fon ta ine p r e p a r e d tba l lous dioxytetraf luo­
molybdate , T l 2 [MoO 2 F 4 ] , or 2 T l F . M o 0 2 F 2 , b y t h e double decompos i t ion of t ha l l ous 
s u l p h a t e a n d p o t a s s i u m d i o x y t e t r a f l u o m o l y b d a t e , or f rom a hydrof luor ic ac id soln. 
of n o r m a l t ha l l ous m o l y b d a t e , or eq . p r o p o r t i o n s of t ha l lous ox ide a n d m o l y b d e n u m 
t r iox ide . M. De la fon ta ine sa id t h a t i t is m o n o h y d r a t e d , a n d F . M a u r o t h a t i t is 
a n h y d r o u s . I t does n o t lose in we igh t a t 200° ; b u t w h e n r o a s t e d in air , i t fo rms 
no rma l tha l lous m o l y b d a t e . A. Scacchi found t h a t t h e r h o m b i c b i p y r a m i d s h a v e 
t h e axia l r a t i o s a : b : c=0*4276 : 1 : 1-0247. M. De la fon ta ine p r e p a r e d d a r k red , 
hexagonal crystals of cobalt dioxytetrafluomolybdate, Co[MoO2F4].6H2O, or 
C o F 2 . M o O 2 F 2 . 6 H 2 O , which are s t ab le in d r y a i r ; a n d n icke l dioxytetraf luo­
molybdate , N i [ M o 0 2 F 4 ] . 6 H 2 0 , or N i F 2 . M o 0 2 F 2 . 6 H 2 0 . 

F. Mauro reported ammonium hexoxyhenafluomolybdate, 5 NH 4 F.3Mo0 2 F 2 .H 2 0 , 
t o be fo rmed b y t h e e v a p o r a t i o n of t h e hydrof luor ic ac id soln. of a m m o n i u m d ioxy-
tet raf luo- or t r i oxyd i f luo -molybda t e . T h e colourless, s ix-sided, h e x a g o n a l p r i s m s 
soon become o p a q u e in a i r ; t h e y lose p a r t of t he i r w a t e r a t 100°, a n d a t a h igher 
t e m p . , t h e y decompose . T h e aq . soln. h a s a n acidic reac t ion ; a n d gives off h y d r o ­
fluoric ac id w h e n h e a t e d . F . M a u r o also p r e p a r e d a m m o n i u m dioxypentaf luo-
molybdate , 3 N H 4 F . M o 0 2 F 2 , or ( N H 4 ) 3 M o . 0 2 F 6 , b y e v a p o r a t i n g soln. of a m m o n i u m 
p a r a m o l y b d a t e in a n excess of hydrof luor ic ac id a n d a m m o n i u m fluoride. T h e 
colourless, r h o m b i c p r i sms were found b y A. Scacchi t o h a v e t h e ax ia l r a t i o s a : b : c 
= 0 - 5 4 5 2 : 1 : 0-8767. F . M a u r o obse rved t h a t t h e sa l t decomposes w h e n h e a t e d ; 
i t dissolves in w a t e r w i t h a n acidic r e a c t i o n ; a n d A. Mio la t t i a n d U . Alvisi showed 
t h a t t h e electr ical c o n d u c t i v i t y of t h e a q . soln. i nd ica t e s t h a t t h e s a l t is h y d r o l y z e d . 
T h e eq . conduc t iv i t y , *, of a soln. w i t h ( 3 N H 4 F - M o O 2 F 2 ) in v l i t res : 

*> . 32 64 128 256 
A . . 107-5 117-9 133-4 143-2 

T h e r e is a series of s a l t s — t h e oxyf luopermolybdates—which is r e l a t e d t o t h e 
oxy f luomolybda t e s m u c h as t h e p e r m o l y b d a t e s a r e r e l a t ed t o t h e m o l y b d a t e s . T h e y 
were p r e p a r e d b y A. P icc in i & b y t h e ac t ion of h y d r o g e n d iox ide on t h e oxyfluo-
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m o l y b d a t e s . T h e y c a n be r e g a r d e d a s oxy f luomolybda t e s in w h i c h a n o x y g e n 
a t o m is r ep laced b y a b i v a l e n t O O - g r o u p : 

,[M„ r ] F 2 \ / O . O R 
F 2 / M o \ O R 

T h e yel low sa l t s c rys ta l l ize -well, a n d a r e s t ab l e . The i r a q . soln. give t h e t y p i c a l 
r e a c t i o n of h y d r o g e n d iox ide . A . P icc in i p r e p a r e d a m m o n i u m tr ioxypentaf luo-
molybdate , 3 N H 4 F . M o O 3 F 2 , or (NH 4 )S[MoF 6 O(O 2 ) ] , b y e v a p o r a t i n g a soln. of 
a m m o n i u m p a r a m o l y b d a t e a n d f luoride in h y d r o g e n d iox ide a n d hydrof luor ic ac id ; 
o r b y t r e a t i n g a m m o n i u m d i o x y p e n t a f l u o r i d e w i t h h y d r o g e n d ioxide . T h e yel low 
p r i s m s or p l a t e s b e c o m e o p a q u e in a i r ; t h e y a re n o t c h a n g e d a t 100° ; t h e y a re v e r y 
soluble in w a t e r ; a n d in p l a t i n u m vessels , t h e a q . soln. decomposes w i t h t h e 
e v o l u t i o n of o x y g e n . 

A. Piccini prepared potassium trioxytetrafluopermolybdate, F4Mo(OOK)(OK). 
H 2 O , or K 2 [ F 4 M o O ( O 2 ) I - H 2 O , b y cool ing a w a r m 4 p e r c e n t . soln. of h y d r o g e n 
d iox ide soln. of t h e d i o x y t e t r a f l u o m o l y b d a t e , a n d rec rys ta l l i z ing t h e p r o d u c t f rom 
dil . h y d r o g e n d iox ide . T h e yel low, monoc l in ic p l a t e s h a v e t h e ax i a l r a t i o s a : b : c 
= 0 - 9 9 5 8 : 1 : 0-9780, a n d / 3 = 1 0 2 ° 1 3 ' . T h e c ry s t a l s a r e i s o m o r p h o u s w i t h t hose 
of t h e r u b i d i u m sal t , w i t h t h e c o r r e s p o n d i n g t u n g s t a t e , a s well a s w i t h t h o s e of t h e 
d i o x y t e t r a f l u o m o l y b d a t e a n d o x y p e n t a f l u o m o l y b d a t e . T h e (OlO)-cleavage is 
i ncomple t e . T h e sa l t is s t ab l e in a i r ; i t loses some w a t e r a t 100° ; a n d a t 150°, 
i t gives ofE o x y g e n ; a n d a t a h ighe r t e m p . , i t f o rms n o r m a l p o t a s s i u m r n o l y b d a t e . 
I t g ives off n o fluorine if d r y in v a c u o . I t is s p a r i n g l y so luble in cold w a t e r , a n d 
freely soluble in h o t w a t e r ; a n d i t s e p a r a t e s u n c h a n g e d f rom i t s a q . soln. , a n d 
i t s soln. in hydrof luor ic ac id . Acco rd ing t o A. Mazzucche l l i a n d C. B a r b e r o , a 
mo l of t h e sa l t in 15 l i t res of w a t e r h a s a n o x i d a t i o n p o t e n t i a l 0-881 t o 0-933 v o l t 
w i t h p l a t i n u m e lec t rodes ; a n d af te r t h e a d d i t i o n of a n e q u a l vol . of a soln. of 
p o t a s s i u m d i o x y t e t r a f l u o m o l y b d a t e of t h e s a m e c o n c e n t r a t i o n , t h e o x i d a t i o n 
p o t e n t i a l is 0-872 t o 0-920 vo l t . If a mol of t h i s sa l t b e t r e a t e d w i t h 4 mols of h y d r o g e n 
d iox ide , P . K a s a n e t z k y found t h a t microscopic , r h o m b i c c ry s t a l s of p o t a s s i u m 
pentoxydi f luopermolybdate , K 2 [ F 2 M o O 3 ( O 2 ) I - H 2 O , a r e fo rmed . W i t h t h e c o n t i n u e d 
ac t i on of h y d r o g e n d iox ide , all t h e fluorine is d i sp laced , a n d p o t a s s i u m p e r m o l y b -
date is formed. A. Piccini prepared rubidium trioxytetrafluopermolybdate» 
K b 2 [ F 4 M o O ( O 2 ) I - H 2 O , or F 4 M o ( O R b ) ( O O K b ) - H 2 O , b y m i x i n g a soln. of r u b i d i u m 
ch lor ide in h y d r o g e n d iox ide w i t h a soln. of m o l y b d e n u m t r i o x i d e in hydrof luor ic 
ac id , a n d rec rys ta l l i z ing t h e p r o d u c t f rom a soln . of h y d r o g e n d iox ide . T h e yel low, 
monoc l in ic p l a t e s h a v e t h e a x i a l r a t i o s a : b : c = l - 0 2 6 0 : 1 : 0-9938, a n d / 3 = 1 0 2 ° 1 5 ' . 
Th i s s a l t is i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g p o t a s s i u m sa l t ; b u t is m o r e easi ly 
soluble , o the rwise , i t b e h a v e s l ike t h e p o t a s s i u m sa l t . A. P icc in i also p r e p a r e d 
caesium trioxytetrafluopermolybdate, Cs2[F4MoO(O2)].H2O, or F 4 M O ( O C S ) ( O O C S ) . 
H 2 O , a s i n t h e case of t h e r u b i d i u m sa l t w i t h wh ich i t is q u i t e s imi la r . 
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§ 19. Molybdenum Chlorides 
Five chlorides of m o l y b d e n u m ha've been reported in which the m o l y b d e n u m 

is bi-, ter-, quadri-, quinque- , and sexivalent . L. F . Svanberg and H . Struve , 1 and 
C. J . Keyser prepared molybdous chloride, or molybdenum dichloride, MoCl2, 
containing b ivalent molybdenum. The compound was invest igated b y C. W. B lom­
strand, and A. Atterberg. The analyses b y C. W. Blomstrand, and b y L.. P . Liechti 
and B . K e m p e agree wi th the empirical formula MoCl2, but the mol . wt . calculated 
from its effect on the b.p. of alcohol was found by W. Muthmann and W. Nage l t o 
agree wi th the formula (MoCl2)3, or Mo3Cl6 . C. W. Blomstrand also interpreted the 
chemical behaviour to agree best with the assumption that the bivalent m o l y b d e n u m 
forms the polymerized chloride, Mo3Cl6. H e prepared i t b y heat ing the trichloride in 
a current of dry carbon dioxide, and L. P . Liechti and B . K e m p e , and W. Muthmann 
and W. Nage l showed that it is necessary to exclude air and moisture, and to 
regulate the t e m p , carefully. C. W. Blomstrand also prepared the dichloride b y 
heat ing a mixture of molybdenum and mercurous chloride—a large proportion of 
trichloride is formed at the same t ime ; b y passing chlorine, largely di luted wi th 
carbon dioxide over the moderate ly-heated meta l ; and as a by-product in the 
preparation of molybdenum pentachloride. According to K. Lindner and co­
workers, the best method of preparation is to pass carbonyl chloride vapour over 
the powdered metal heated between 600° and 620°. The result a t 40O ° is t o 
form some trichloride which does not volati l ize ; a t 490°, the boat contains some 
trichloride, and a little trichloride sublimes ; at 520°, the boat contains both di-
and trichlorides, and some of the latter sublimes ; at 590°, the boat contains the 
dichloride, and the tri- and pentachlorides sublime ; at 610° and 620°, the boat 
contains the dichloride, and the sublimate a l itt le pentachloride ; a t 670°, the boat 
contains some dichloride, and molybdenum pentachloride sublimes ; and between 
700° and 1000°, there is a subl imate of the pentachloride. The h e a v y yel low layer 
of the dichloride which forms on the molybdenum protects the metal from at tack 
b y the carbonyl chloride. The dichloride is then extracted wi th cone, hydrochloric 
acid and the residual metal is again treated wi th carbonyl chloride. The compound, 
HMo 3 Cl 7 . 4H 2 O, separates a lmost quant i tat ive ly from the acid soln. in the form of 
long, yel low needles. Less favourable but useful results are obtained b y the 
reduction of mo lybdenum pentachloride with finely-divided a luminium in the presence 
of ignited quartz powder (to moderate the violence of the reaction). The product 
is subsequently extracted wi th hydrochloric acid. The yie ld is considerably 
diminished b y the reduction of m o l y b d e n u m pentachloride t o other chlorides. The 
dichloride prepared b y C. W. Blomstrand was amorphous, and m a t t e ; and, 
according to L. P . Liechti and B . K e m p e , after treatment w i th nitric acid, i t is 
yel low. C. J. Keyser , and C. W. Blomstrand said t h a t i t is stable in air, and very 
difficult to volatil ize. W. Bil tz and C. Fendius gave 3-714 for the sp. gr. a t 25°/^°> 
and 44*9 for the mol. vol . L. P . Liechti and B . K e m p e found t h a t w h e n heated in 
air, i t g ives a subl imate of m o l y b d e n u m trioxide and a black residue, which, on 
cont inued roasting, also volati l izes as m o l y b d e n u m trioxide. W h e n heated in hydro­
gen, the dichloride is reduced to the meta l . . C. J . Keyser, and C. W . Blomstrand 
said t h a t the dichloride is insoluble in water ; b u t it dissolves easi ly and complete ly 
in hydrochloric, and the other halogen acids ; i t is also soluble in sulphuric acid. 
L. P . Liechti and B . K e m p e found t h a t aq. a m m o n i a dissolves the dichloride, and 
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t h e n t r a n s f o r m s i t i n t o a b r o w n , n i t r o g e n o u s p o w d e r . T h e d ich lor ide dissolves 
i n a lcohol , a n d e t h e r w i t h o u t u n d e r g o i n g chemica l a c t i on . K . L i n d n e r a n d co-workers 
o b s e r v e d t h a t w h e n a s a t . a lcohol ic soln. of t h e d ich lor ide is m i x e d w i t h twice i t s 
vo l . of e the r , ice-cold, a n d t r e a t e d w i t h a m m o n i a gas , a pa l e yel low, v o l u m i n o u s 
p r e c i p i t a t e of m o l y b d e n o u s d iamminocMor ide , M O 3 C I 6 ( N H S ) 2 ^ C 6 H 6 O H , is fo rmed . 
I t decomposes a t 100°. W h e n m o l y b d e n o u s d ichlor ide is d i sso lved i n e t h e r con­
t a i n i n g 5 p e r cen t , of e t h y l a lcohol , a n d t h e soln. e v a p o r a t e d in v a c u o , t h e c o m p o u n d 
M o 3 C l 0 - C 2 H 6 O H r e m a i n s a s l i g h t yel low p o w d e r s t ab l e i n air ; t h e a lcohol c a n n o t 
be r e m o v e d b y h e a t i n g in a n i n e r t a t m o s p h e r e w i t h o u t decompos i t i on . A d d i t i o n 
of a lcohol ic s i lver n i t r a t e t o t h e a lcohol ic soln. p r ec ip i t a t e s si lver ch lor ide ; t h e 
m o t h e r - l i q u o r depos i t s t h e c o m p o u n d M o 3 C l 4 ( N 0 3 ) 2 . E t O H on keep ing , b u t o n 
i m m e d i a t e t r e a t m e n t of t h e f i l t ra te w i t h e the r , t h e n i t r a t e , Mo 3 Cl 4 (N0 3 ) 2 , is o b t a i n e d . 
W . H a m p e f o u n d t h a t a n e the rea l soln. of t h e d ich lor ide does n o t c o n d u c t t h e 
e lec t r ic c u r r e n t ; t h e a lcohol ic soln. c o n d u c t s a l i t t l e , p r o b a b l y in consequence of 
t h e f o r m a t i o n of a l i t t le hyd roch lo r i c ac id . H y d r o g e n is l i b e r a t e d f rom t h e c a t h o d e , 
a n d a b l ack ox ide is g r a d u a l l y depos i t ed . W . M u t h m a n n a n d W . Nage l a d d e d 
t h a t t h e e lec t ro lys is of a soln. in 96 pe r c e n t , a lcohol furnishes h y d r o g e n a n d m o l y b ­
d e n u m t e t r a c h l o r o d i h y d r o x i d e a t t h e c a t h o d e , a n d a t t h e a n o d e , a l d e h y d e a n d 
e t h y l ch lor ide . C. W . B l o m s t r a n d , a n d K . Wolf f o u n d t h a t a soln. of p o t a s s i u m 
or s o d i u m h y d r o x i d e dissolves t h e d ich lo r ide fo rming a ye l low soln. ; a n d w i t h 
boi l ing a lkal i - lye , m o l y b d e n u m d i h y d r o x i d e , M o ( O H ) 2 , is fo rmed . T h e yel low 
soln. in a lkal i - lye s lowly a b s o r b s c a r b o n d iox ide f rom t h e air , a n d w h e n c a r b o n 
d iox ide is p a s s e d t h r o u g h t h e soln. , or ace t i c ac id is a d d e d , m o l y b d e n u m t e t r a ­
c h l o r o d i h y d r o x i d e is fo rmed . 

C. W . B l o m s t r a n d , a n d A. A t t e r b e r g s u p p o s e d t h a t m o l y b d o u s chlor ide c o n t a i n e d 
t h e g r o u p Mo 3 Cl 4 . Th i s is e v i d e n c e d b y t h e p r o d u c t s o b t a i n e d b y C. W . B l o m s t r a n d 
b y t h e a c t i o n of s t r o n g ac ids o n m o l y b d o u s ch lor ide , n a m e l y (Mo 3 Cl 4 )X 2 , w h e r e X 
r e p r e s e n t s Cl, B r , or I , a s soc ia t ed w i t h a m m o n i u m or p o t a s s i u m ha l ide ; a n d by 
t h e v a r i o u s m i x e d sa l t s o b t a i n e d b y C. W . B l o m s t r a n d , a n d A. A t t e r b e r g , n a m e l y , 
M o 3 B r 4 X 2 ^ H 2 O , w h e r e X 2 d e n o t e s F 2 , Cl2 , B r 2 , I 2 , MoO 4 , SO 4 , CrO 4 , ( H 2 P O J 2 , 
a n d C 2 O 4 . Acco rd ing t o I . K o p p e l , t h e b i v a l e n c y of t h e c o n t a i n e d m o l y b d e n u m 
is i l l u s t r a t e d b y t h e d e v e l o p m e n t of h y d r o g e n w h e n t h e b r o m i d e M o 3 B r 4 ( O H ) 2 is 
t r e a t e d w i t h a lkal i - lye ; a n d b y t h e p r e c i p i t a t i o n of s i lver f rom a n a m m o n i a c a l 
s i lver soln. w h e n t r e a t e d w i t h (Mo 3 Cl 4 )HCl .4H 2 O. T h e effect of t h e sa l t on t h e 
b . p . of a lcohol agrees w i t h t h e fo rmu la (MoCl2)3 . T h e e lec t r ica l c o n d u c t i v i t y of 
soln . of all t h e soluble d e r i v a t i v e s is exp la ined b y a s s u m i n g t h a t t h e Mo 3Cl 4 is 
u s u a l l y t h e ca t ion , a n d h y d r o l y s i s p roceeds a s far a s t h e Mo 3 Cl 4 -g roup . T h e 
d e h y d r a t i o n p h e n o m e n o n s u p p o r t s t h e s a m e h y p o t h e s i s . T h e rad ic le Mo 3 Cl 4 is 
a m p h o t e r i c a c t i n g e i t h e r a s a bas ic or a s a n ac id ic rad ic le . I . K o p p e l also e m p h a ­
sized t h e g r e a t s t a b i l i t y of t h e Mo 3 Cl 4 - radic le ; a n d t h e res i s t ance i t ofEers t o oxi­
d a t i o n . These r e su l t s a r e in a c c o r d w i t h s o m e h y p o t h e s i s a n a l o g o u s t o A. W e r n e r ' s 
c o - o r d i n a t i o n t h e o r y . T h i s s u b j e c t w a s d iscussed b y K . L i n d n e r , a n d W . Bi l tz . 

C. W . B l o m s t r a n d sa id t h a t a trihydrate, M o 3 C l 6 . 3 H 2 O , is d e p o s e d in pa le , 
yel low, insoluble scales f rom a soln. of t h e a n h y d r o u s ch lor ide in m o d e r a t e l y d i lu te 
hyd roch lo r i c ac id . If a soln . in h o t hyd roch lo r i c ac id be e v a p o r a t e d on a w a t e r - b a t h , 
pa l e ye l low need les or p r i s m s a r e fo rmed ; t he se a r e so luble in w a t e r , a lcohol , a n d 
e t h e r . T h e c o m p o u n d w a s r e g a r d e d b y C. W . B l o m s t r a n d as a hexahydrate, 
M o 3 C l 6 . 6 H 2 0 ; b y L . P . L i ech t i a n d B . K e m p e , a s a hemienneahydrate, Mo 3 Cl 6 . 4 JH 2 O ; 
a n d b y A. R o s e n h e i m a n d F . K o h n , a s M o 3 C l 3 . H C 1 . 4 H 2 0 . T h e l a s t hypo thes i s 
is conf i rmed b y t h e f ac t t h a t w h e n e x p o s e d t o air , t h e c ry s t a l s lose h y d r o g e n chlor ide 
a n d b e c o m e green , b u t t h e ye l low colour is r e s t o r e d in a n a t m o s p h e r e of h y d r o g e n 
ch lor ide . T h e r e a c t i o n w i t h a n a m m o n i a c a l soln. of s i lver is in a g r e e m e n t wi th t h e 
b i v a l e n c y of t h e c o n t a i n e d m o l y b d e n u m . W h e n t h i s c o m p o u n d is h e a t e d a t 100° 
o r 130° in a n a t m . of h y d r o g e n chlor ide , a ye l low res idue of t h e mouohydrate, 
Mo3Cl6JEI2O, is fo rmed . T h e c o m p o u n d M o 3 C l 6 . H C 1 . 4 H 2 0 b e h a v e s as if i t were 
Chloroaquomolybdous acid, H [ M o 3 C l 7 ( H 2 0 ] . 3 H 2 0 . W a t e r r emoves only one a t o m 
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of ch lor ine , b u t w h e n a soln. in p o t a s h - l y e is t r e a t e d w i t h ace t ic ac id , molybdOUS 
diaquotetrachlorodibydroxide, Mo3Cl4(OH)2SH2O, or [Mo3Cl4(H202)](OH)2 .6H20, 
is p r e c i p i t a t e d . Th i s fo rmu la is b a s e d on t h e fac t t h a t w h e n h e a t e d t o 100°, s ix 
rnols. of w a t e r a r e g iven off ; a n o t h e r m o l . is g iven off be low 300° ; a n d t h e final 
p r o d u c t wh ich res is ts f u r t he r d e h y d r a t i o n h a s t h e compos i t i on of molybdOUS 
diaquotetrachloroxide, [Mo 3 Cl 4 (H 2 O) 2 ]O . Aga in , w h e n t r e a t e d w i t h h y d r o b r o m i c 
acid , t h e h y d r o x i d e furnishes ch lo robromides—v ide infra—K. L i n d n e r d i scussed 
t h e c o n s t i t u t i o n of t h e s e c o m p o u n d s . 

H y d r o l y s i s occurs w h e n e i the r of t h e c o m p o u n d s Mo 3 Cl 6 -H 2 O or 
H [ M o 3 C l 7 ( H 2 O ) ] . 3 H 2 O is t r e a t e d w i t h -water. T h e l a t t e r , for i n s t a n c e , fo rms a 
yel low soln. w i t h t h e m i n i m u m q u a n t i t y of cold w a t e r necessa ry for soln. , a n d in a 
few seconds , a c rys ta l l ine s e p a r a t i o n occurs fo rming a p r o d u c t w i t h Mo : C l = 3 : 6. 
The product is represented as molybdenum tetrachlorodiaquodichloride, 
[ M o 3 C l 4 ( H 2 0 ) 2 ] C l 2 . 2 H 2 0 ; a n d w h e n d e h y d r a t e d , [Mo 3 Cl 4 (H 2 O) 2 ]Cl 2 , in w h i c h 
t w o of t h e s ix ch lor ine a t o m s a re ionizable a n d rep laceab le b y o t h e r an ions . W h e n 
c h l o r o a q u o m o l y b d o u s ac id is t r e a t e d w i t h m o r e w a t e r , s ay 5O c.c. of w a t e r p e r 
0*3 g r m . of t h e s u b s t a n c e , a n a m o r p h o u s p r e c i p i t a t e is f o rmed wi th Mo : C l = 3 : 5 
— m o l y b d e n u m hydroxypentachlor ide , Mo 3 Cl 5 (OH) ; a n d w i t h a l a rge p r o p o r t i o n 
of boi l ing w a t e r , t h e a m o r p h o u s p r e c i p i t a t e h a s Mo : C l = 3 : 4 — m o l y b d e n u m 
d i a q u o t e t r a c h l o r o d i h y d r o x i d e , [ M o 3 C l 4 ( H 2 O ) 2 ] ( O H ) 2 . 6 H 2 O , i n d i c a t e d a b o v e . E t h y l 
a lcohol also forms t h e 3 : 4 sa l t . 

W h e n c h l o r o a q u o m o l y b d o u s ac id is t r e a t e d w i t h p y r i d i n e a n d a n excess of 
h y d r o g e n ch lor ide in alcohol ic soln. , p y r i d i n e a l coho la te s a re f o r m e d as yel low, 
c rys ta l l ine solids, e.g. w i t h m e t h y l a lcohol , d i m o r p h o u s C 6 H 6 N - H [ M o 3 C l 7 ( H 2 O ) ] . 
C H 3 O H is fo rmed ; a n d w i t h e t h y l a lcohol , C 6 H 5 N - H [ M o 3 C l 7 ( H 2 O ) ] . C 2 H 5 O H . If 
t h e r eac t ion occurs in a m y l a lcohol soln. , t h e r e su l t i ng sa l t , C 6 H 5 N - H [ M o 3 C l 7 ( H 2 O ) ] , 
is free f rom alcohol . If t h i s sa l t b e c rys ta l l i zed f rom t h e lower a lcohols , t h e a lco­
ho l a t e s a r e fo rmed . T h e rnol. w t . of t h e p y r i d i n e sa l t c a l c u l a t e d f rom i t s effect o n 
t h e f.p. of n i t r o b e n z e n e is 717, whi le 634 is r e q u i r e d for C 6 H 5 N - H [ M o 3 C l 7 ( H 2 O ) ] . 
T h e m o t h e r - l i q u o r s e m p l o y e d in t h e p r e p a r a t i o n of t h e a lcoho la tes , b y v a r y i n g t h e 
cond i t ions , give a series of c o m p o u n d s in wh ich t h e a n i o n v a r i e s f rom Mo : C l = 3 : 7 
t o 3 : 9, r e p r e s e n t i n g complexes of t h e ac ids H 1 _j ̂ [Mo 3Cl 7 _+.w] w i t h p y r i d i n e , e t c . 
T h u s , w i t h a l a rge excess of h y d r o g e n ch lor ide , t h e p y r i d i n e a l coho la t e s 
( C 6 H 5 N ) 3 H 3 M o 3 C l 9 . 3 C H 3 O H ; a n d ( C 5 H 5 N ) 3 H 3 M o 3 C l 9 . 3 C 2 H 5 O H ; a s well a s 
( C 6 H 5 N ) 3 H 3 M o 3 O g - C 5 H 1 1 O H , were o b t a i n e d , a n d w h e n h e a t e d , t h e s e c o m p o u n d s 
furnish C 5 H 5 N . H [ M o 3 C l 7 ] i nd i ca t ed a b o v e . Sa l t s of t h e heptachloromolybdOUS 
acid, H[Mo 3 Cl 7 ] , a r e i n d i c a t e d be low a n d complexes w i t h an i l ine , C 6 H 5 N H 2 . 
H [ M o 3 C l 7 ] . 9 H 2 0 ; w i t h u r e a , C o ( N H 2 ) 2 . H [ M o 3 C l 7 ] . 3 H 2 0 ; a n d w i t h e t h y l e n e -
d i a m i n e , C 2 H 4 ( N H 2 ) 2 - 2 H [ M o 3 C l 7 ] . 6 H 2 0 were also o b t a i n e d . Complexes of o c t o -
ch loromolybdous acid, H 2 [ M o 3 C l 8 ] , were also p repa red—e .g . w i t h p y r i d i n e , 
2 C 5 H 5 N . H 2 [ M o 3 C l 8 ] . C 2 H 5 O H ; a n d w i t h t r i a m i n o p r o p a n e , 2 C 3 H 1 1 N 3 ^ H 2 [ M o 3 C l 8 ] . 
4 5 H 2 O . A. R o s e n h e i m a n d IT. K o h n , a n d K . L i n d n e r a n d co-workers p r e p a r e d 
complexes w i t h e n n e a c h l o r o m o l y b d o u s ac id , H 3 [Mo 3 Cl 9 ] , n a m e l y C 5 H 5 N - H 3 [ M o 3 C l 9 ] -
H 2 O ; 3 C 5 H 5 N . H 3 [ M o 3 C l 9 ] . 3 C H 2 O H ; 3 C 5 H 5 N . H 3 [ M o 3 C l 9 ] . C 2 H 5 O H ; a n d 
3 C 5 H 5 N . H 3 [ M o 3 C l 9 ] . C 5 H 1 1 O H . K . L i n d n e r also p r e p a r e d still h igher c o m p l e x e s 
of t h e ac ids H 3 + n [ M o 6 C l 1 5 + n ] w i t h p y r i d i n e . T h u s , pen tadecach loromolybdous 
ac id , H 3 [Mo 6 Cl 1 5 ] , furnishes 3 C 5 H 5 N ^ 3 [ M o 6 C l 1 5 ] . 2 H 2 O , 4 C 5 H 5 N - H 3 [ M o 6 C l 1 5 ] , 
and 5C5H5N.H3[Mo6Cl5].2C2H5OH; and heptadecamolybdous acid, H5[Mo6Cl1 7], 
furnishes 5 C 5 H 6 N - H 6 [ M o 6 C l 1 7 ] ^ C 5 H 1 1 O H . 

C. W. Blomstrand reported potassium molybdous octochloride, [Mo3Cl4]Cl2. 
2 K C 1 . 2 H 2 0 , t o b e fo rmed b y e v a p o r a t i n g a soln. of m o l y b d e n u m dich lor ide in 
a lka l i - lye s a t u r a t e d w i t h h y d r o g e n ch lo r ide . O n l y half t h e c o n t a i n e d ch lor ide is 
p r e c i p i t a t e d b y si lver n i t r a t e f rom t h e n i t r i c ac id soln. of t h e s t r aw-ye l low c rys t a l s . 
T h e s a l t is d e c o m p o s e d b y w a t e r i n to p o t a s s i u m chlor ide a n d m o l y b d o u s ch lor ide . 
T h e c o r r e s p o n d i n g a m m o n i u m m o l y b d o u s oc toch lor ide , [Mo 3 Cl 4 ]C l 2 . 2NH 4 C1.2H 2 0 , 
w a s o b t a i n e d in an a n a l o g o u s m a n n e r . A . Rosenhe im a n d F . !Kohn cou ld n o t 
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confi rm C. W . B l o m s t r a n d ' s fo rmula for t h e a m m o n i u m sa l t ; a n d t h e y showed 
t h a t t h e co r re spond ing p y r i d i n i u m sa l t h a s t h e compos i t ion 3 C 5 H 5 N - H 3 M o 3 C l 9 - S H 2 O , 
a s i n d i c a t e d a b o v e , K . L i n d n e r , E . Ha l l e r a n d H . He lwig f o u n d t h a t if a soln. of 
h e p t a c h l o r o m o l y b d o u s ac id , H [ M o 3 C l 7 ] , in a m i n i m u m q u a n t i t y of hydroch lo r i c 
ac id b e t r e a t e d w i t h cone . so ln . of t h e m e t a l chlor ides , t h e r e a r e f o r m e d sa l t s l ike 
ammonium molybdous heptachloride, K[Mo3CI7^IJHgO, and potassium molyb-
d o u s heptachlor ide , K [ M o 3 C l 7 ] . 3 H 2 O , a s well a s t h e p y r i d i n i u m sa l t s , e t c . , i n d i c a t e d 
a b o v e . 

J , J . B e r z e l i u s 2 p r e p a r e d m o l y b d e n u m trichloride, MoCl3 , a n d r e g a r d e d i t a s 
Molybdandichlorid, b u t C. W . B l o m s t r a n d showed t h a t i t is a t r ich lor ide , a n d th i s h a s 
b e e n conf i rmed b y t h e ana ly se s of L . P . L i ech t i a n d B . K e m p e , a n d of A. R o s e n h e i m 
a n d H . J . B r a u n . B y a n a l o g y w i t h c h r o m i c chlor ide , CrCl3 , t h i s sa l t c a n b e 
cal led mo lybd ic chlor ide , a l t h o u g h t h e affixes " ous " a n d " ic " a r e n o t so useful 
w i t h m u l t i v a l e n t e l e m e n t s w h i c h fo rm so m a n y c o m p o u n d s as in t h e case of v a n a ­
d i u m a n d m o l y b d e n u m — v i d e 9 . 54 , 6. S o m e such s y s t e m a s t h a t sugges ted b y 
A. W e r n e r is r e q u i r e d , e.g. m o l y b d o - for b i v a l e n t m o l y b d e n u m ; m o l y b d i - for 
t e r v a l e n t m o l y b d e n u m ; m o l y b d e - for q u a d r i v a l e n t m o l y b d e n u m ; m o l y b d a i l -
for q u i n q u e v a l e n t m o l y b d e n u m ; a n d m o l y b d o n - for s ex iva l en t m o l y b d e n u m . 

J . J . Berze l ius p r e p a r e d m o l y b d e n u m t r i ch lo r ide b y pas s ing t h e v a p o u r of 
m o l y b d e n u m p e n t a c h l o r i d e over h e a t e d m o l y b d e n u m ; C. W . B l o m s t r a n d sa id t h a t 
i t is n o t poss ib le t o o b t a i n a h o m o g e n e o u s p r o d u c t b y t h i s p rocess , a n d h e recom­
m e n d e d pas s ing t h e v a p o u r of t h e p e n t a c h l o r i d e , freed f rom oxych lo r ide , a n d m i x e d 
w i t h c a r b o n d iox ide or h y d r o g e n t h r o u g h a h o t t u b e a t 250° . T h i s m e t h o d was also 
e m p l o y e d b y L . P . L i e c h t i a n d B . K e m p e , b y K . Wolf, a n d A . !Rosenheim a n d 
H . J . B r a u n . A . Chi lesot t i o b t a i n e d a r e d soln. of t h i s ch lor ide b y t h e e lec t ro ly t ic 
r e d u c t i o n of a hyd roch lo r i c ac id soln. of m o l y b d e n u m t r i o x i d e us ing a m e r c u r y 
c a t h o d e , a n d a c u r r e n t d e n s i t y of 1 t o 2 a m p . p e r sq . dm.—v ide supra, t h e e lectro­
lysis of m o l y b d e n u m t r i ox ide . Gr. G. H e n d e r s o n o b t a i n e d t h e r e d soln. b y r e d u c t i o n 
w i t h p o t a s s i u m a m a l g a m . 

A . Chi lesot t i showed t h a t b y v a r y i n g t h e cone , of t h e ac id in hyd roch lo r i c ac id 
soln. of m o l y b d e n u m t r i ox ide , r e d or g reen soln. of m o l y b d i c chlor ide c a n b e ob ta ined , 
a n d h e p o s t u l a t e d t h e ex i s t ence of i somer ides a n a l o g o u s t o t h e g reen a n d violet 
c h r o m i c ch lor ides . T h i s h y p o t h e s i s w a s s u p p o r t e d b y F . F o r s t e r a n d E . F r i cke ' s 
o b s e r v a t i o n s on t h e p o t e n t i a l of soln. of t e r v a l e n t m o l y b d e n u m ; a n d b y those of 
W . W a r d l a w a n d R . L . W o r m e l l o n t h e m o l y b d e n y l ch lor ides—v ide infra. T h e 
electrolysis of soln . of m o l y b d e n u m t r i ox ide in 9iV-HCl g a v e r ed or b r o w n soln. , 
a n d w i t h 2*7JV- t o 4JV-HC1, g reen soln. T h e s t a t i c p o t e n t i a l of t h e r e d soln. is 0 1 2 
v o l t a t 24°—26° ; a n d t h a t of t h e g reen soln. u n d e r s imi lar cond i t i ons is —0*18 vo l t . 
T h e r ed so ln . a r e s t a b l e in a i r , b u t t h e g reen soln. a r e r ead i ly oxidized b y air a n d 
w a t e r — e s p e c i a l l y in c o n t a c t w i t h p l a t i n u m — w i t h t h e evo lu t ion of h y d r o g e n . 
G. B r e d i g a n d J . Michel found t h a t t h e g reen soln. r educes perch lor ic ac id 20OO 
t i m e s m o r e q u i c k l y t h a n t h e r e d soln. 

J . J . Berze l ius sa id t h a t t h e t r i ch lo r ide forms a d a r k r e d p o w d e r ; a n d 
I i . P . Liiechti a n d B . K e m p e l ikened i t s a p p e a r a n c e t o t h a t of r ed p h o s p h o r u s . 
C. W . B l o m s t r a n d a d d e d t h a t w h e n sub l imed , i t forms a d a r k b r i ck- red , c rys ta l l ine , 
m a s s . W . Bi l t z a n d C. F e n d i u s g a v e 3-578 for t h e s p . gr . a t 25°/4° , a n d 56-6 for 
t h e mo l . vo l . L . P . Liiechti a n d B . K e m p e sa id t h a t t h e t r i ch lo r ide is s t ab le in d r y 
air , a n d t h a t w h e n h e a t e d t o du l l r edness in a n a t m o s p h e r e of c a r b o n d iox ide , i t 
is d e c o m p o s e d i n t o t h e d i - a n d t e t r a - ch lo r ides . A . R o s e n h e i m a n d H . J . B r a u n 
obse rved t h a t i n h u m i d a i r , t h e t r i ch lo r ide beg ins t o g ive off h y d r o g e n chlor ide, 
a n d , a t t r a c t i n g m o i s t u r e , i t p a r t l y dissolves fo rming a b r o w n l i q u i d / L . P . L iech t i 
a n d B . K e m p e f o u n d t h a t w h e n h e a t e d in a i r , a w h i t e s u b l i m a t e first appea r s , t h i s 
b e c o m e s b rowni sh - r ed , a n d a d a r k b lue V a p o u r a p p e a r s — i m p u r e m o l y b d e n u m 
d ich lor ide r e m a i n s b e h i n d . T h e p u r e t r i ch lo r ide w a s found b y J . J . Berzel ius, a n d 
A. R o s e n h e i m a n d H . J . B r a u n t o b e inso luble in w a t e r ; a n d L . P . Liiechti a n d 
B . K e m p e a d d e d t h a t boi l ing w a t e r is g r a d u a l l y co loured b r o w n . J . J . Berzel ius 
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said t h a t the trichloride is decomposed b y alkali- lye forming molybdic hydrox ide . 
The trichloride is not decomposed b y cold (J. J . Berzelius), or boiling (L*. P . Liecht i 
and B . Kempe) hydrochloric acid, unless , added A. Rosenhe im and H . J . B r a u n , 
air has access to the liquid. -L. P . Liechti and B . K e m p e found t h a t cone, sulphuric 
acid dissolves the trichloride forming a blue soln. which becomes emerald-green 
when heated. W. Wardlaw and N . D . Sylvester observed t h a t wi th powdered 
sulphur in a soln. of tervalent molybdenum, the colour of the soln. gradual ly 
changes from green to brown, and hydrogen sulphide is evolved—part icular ly 
with warm soln. W . A. Miller said t h a t hydrogen sulphide s lowly produces a brown 
precipitate of hydrated m o l y b d e n u m sulphide, soluble in a m m o n i u m hydrosulphide ; 
whilst W . Wardlaw and N . D . Sylvester observed no visible effect on the green soln. 
of tervalent mo lybdenum during 2 or 3 hrs.' act ion, b u t if the sat . soln. be sealed in 
a flask, a black precipitate—possibly Mo 2S 3—forms in the course of a few days^ 
A soln. of sodium tetrathionate in a soln. of tervalent molybdenum, in t h e presence 
of 32V-H2SO4, in a current of nitrogen so as t o remove hydrogen sulphide as it is 
formed, g ives a brown precipitate which is a decomposit ion product of m o l y b d e n u m 
tetrathionate ; sodium trithionate reacts similarly. For the act ion of ammonia 
gas , vide m o l y b d e n u m nitride, 8 . 49, 12 ; and molybdenum amides , 8 . 49 , 2 1 . 
Aq . ammonia was found b y C. W. Blomstrand to act very s lowly in the cold, and 
when heated, IJ. P . Liechti and B . K e m p e observed t h a t a brown powder is formed 
-—vide 8 . 49, 21 . The trichloride is readily dissolved b y warm nitric acid. W. H a m p e 
said t h a t the trichloride is a lmost insoluble in alcohol and ether. 

According to W . Wardlaw and R. L. Wormell , and in agreement with A. Chilesotti , 
and P . Fdrster and E . Pricke, the green soln. of tervalent m o l y b d e n u m obtained 
by reducing a soln. of mo lybdenum trioxide in hydrochloric acid, can be made t o 
furnish the trihydrate of mo lybdenum trichloride, MoCl 3 . 3H 2 O, as well as complex 
sa l ts—R 2 MoCl 5 -H 2 O and R3MoCl6—of tervalent molybdenum. The tr ihydrate 
was obtained in the following manner : 

A soln. of 10 grms . of m o l y b d e n u m trioxide in 400 c.c. of hydrochloric acid of sp . gr. 
1*16, w a s heated o n a water -bath for s o m e hours, m a d e u p t o 6OO c . c , and e lectrolyzed in 
a d iaphragm cell w i t h s m o o t h , p l a t i n u m electrodes unt i l the ca thode soln. w a s red. Thi s 
soln. w a s then evaporated t o dryness a t 70°—80° under reduced press, in an air-free flask. 
The residue w a s a copper-coloured, crystal l ine substance , w h i c h u n d o u b t e d l y conta ined a 
port ion of hydro lyzed mater ia l , a n d o n analys is g a v e va lues of t h e order 1 : 2*5 for t h e 
ratio Mo : Cl. 40O c.c. of pure ether, cooled in a freezing mix ture of ice a n d salt , and 
sat . w i th dry hydrogen chloride, were drawn in to the flask b y releasing t h e v a c u u m , and 
t h e red soln. obta ined w a s evapora ted t o dryness under d iminished press . , whereupon a 
dark red, crystal l ine subs tance separated . I n order t o ensure t h e comple te convers ion 
of a n y hydrolyzed salt i n t o t h e normal chloride, th is operat ion w a s repeated. T h e sub­
s t a n c e finally obta ined w a s qu ick ly transferred in a n a t m . of dry carbon d iox ide t o a 
des iccator containing phosphoric ox ide . T h e product w a s e x t r e m e l y hygroscopic , a n d 
except iona l precaut ions had t o be t a k e n t o exc lude moisture . 

Trihydrated molybdenum trichloride separates in dark, copper-coloured crystals , 
very soluble in water, acetone, or cold absolute alcohol, giving intensely red solns. 
I t rapidly reduces soln. of copper, silver, or mercuric salts . Sodium and a m m o n i u m 
hydroxides give black precipitates , soluble in acids ; these are probably t h e tri-
hydroxide. If potass ium chloride is added t o a soln. of the substance in alcohol, 
the pink complex chloride, K 2 MoCl 5 5 H 2 O, is deposited on -warming. 

I t is not possible to get the anhydrous trichloride into aq. soln. , but , as indicated 
above , A. Chilesotti obtained a red soln, b y electrolytic reduction, and G. G. Henderson, 
b y reduction with potass ium amalgam. The evaporation of the aq. soln. g ives 
a brown residue soluble in water and alcohol. J . J . Berzelius, and C. W. Blomstrand 
dissolved molybdic hydroxide in hydrochloric acid, and obtained a dark brown 
soln. which, on evaporation, gave a black, t o u g h mass probably an impure o x y -
chloride. If the red soln. is formed in the presence of alkali chlorides, complex 
salts are produced. These are precipitated hy passing hydrogen chloride into the 
soln. These salts are red, or black and crystall ine. They g ive a blue colour w i th 
ferric chloride, a dark brown colour wi th potass ium ferricyanide, and precipitates 
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with mercurous, lead, copper, and silver salts. G. G. Henderson could not prepare 
the complex salt with sodium chloride, bu t ammonium molybdenum pentachloride, 
(NH 4 ) 2 MoCl5.H20, was obtained b y A. Chilesotti, and W. R. Bucknal l and co­
workers as a brick-red powder freely soluble in water. I t was obtained b y adding 
25 grms. of ammonium chloride in IO per cent. aq. soln. to 175 c.c. of a 33 per cent, 
soln. of molybdic chloride, concentrating the soln. under reduced press, at 70° unti l 
the bright, brick-red crystals are formed. G. Carobbi found that the crystals of 
the monohydrate are pleochroic, being brownish-red longitudinally and wine-red 
normally. The sp. gr. is 2-175 a t 18°* The rhombic crystals have the axial ratios 
a : b : c = 0 - 6 8 6 2 : 1 : 0*71666, and they are isomorphous with the corresponding ferric 
salt. Solid soln. are formed with a m a x i m u m of 90 per cent, of ( N H 4 ) 2 F e C l 5 . H 2 0 . 
W . R. Bucknal l and co-workers found tha t the mol. wts . of soln. with 0-863, 2-115, 
and 5-391 grms. of salt per 1OO grms. of water were respectively 105*0, 116-8, and 
141-7 ; and soln. wi th v litres per mol of water at 1° had the mol. con­
duct iv i ty , fji : 

v . . 1 6 - 3 7 3 3 - 7 6 5 4 - 9 6 1 0 1 - 4 2 5 1 - 3 
/it . . 1 0 7 1 1 0 1 3 2 1 4 0 1 7 5 

when t i m e = 0 . The conductivi t ies increase with the age of the soln. owing t o 
a series of hydrolyt ic changes resulting in the formation of molybdenyl chloride 
(q.v.). W. R. Bucknal l and co-workers, F . Forster and E . Fricke, and A. Rosenheim 
and T. H . Li prepared ammonium molybdenum hexachloride, (NH4)3MoCl6 .H20, 
in rose-red needles. To prepare this salt, 80 c.c. of a soln. of 33 per cent, molybdic 
chloride were sat. with hydrogen chloride, added to a sat. aq. soln. of 2O grms. of 
a m m o n i u m chloride, and the mixture cone, t o the crystallizing point. The penta­
chloride thus formed was removed, and the filtrate again sat. with hydrogen chloride 
unti l cold. Small rose-coloured crystals separated which, after washing free from 
hydrochloric acid wi th aq. alcohol, were dried in vacuo . G. Carobbi said that the 
crystals are monoclinic. W. let. Bucknal l and co-workers found tha t an aq. soln. 
wi th 48-11, 64-44, and 157-9 grms. of the salt (NH 4 ) 3 MoCl 6 .H 2 O, per litre at 1°, had 
the mol conductivi t ies 208, 210, and 225 respectively when t i m e = 0 . The con­
duct iv i ty increases wi th age owing to hydrolysis . G. Carobbi treated a soln. of 
22-5 grms. of a m m o n i u m chloride with a soln. of m o l y b d e n u m triochloride, and 
saturated i t wi th hydrogen chloride. W h e n the soln. was allowed to stand, 
i t deposited monoclinic crystals of ammonium molybdenum heptachloride, 
( N H 4 ) 4 M o C l 7 . H 2 0 , of sp. gr. 1-905. A. Chilesotti, A. Rosenhe im and T. H . Li, and 
W. R. Bucknall and co-workers obtained potassium molybdenum hexachloride, 
K3MoCl6 , as a red powder very soluble in water. I n preparing this salt, 350 c.c. of 
a soln. of 35 grms. of m o l y b d e n u m trioxide in 8iV-HCl were reduced to the tervalent 
s tate , cone, to 15O c.c. t o make a 33 per cent. soln. of molybdic chloride, and sat . 
w i th hydrogen chloride. One-half to three-quarters of the theoretical amount of 
potass ium chloride—30 to 4O grms.-—was added as a 10 per cent. soln. in air-free 
water and the mixture cone, a t 70° under reduced press., unti l crystall ization com­
menced. The liquid was filtered and the filtrate sat . wi th hydrogen chloride until 
cold, whereupon the double salt separated. The crystals were washed with cone, 
hydrochloric acid, alcoholic hydrochloric acid, and finally with alcohol, and dried 
in vacuo . The mol. wts . of aq. soln. wi th 0-498, 1-470, and 3-045 were respectively 
110-3, 120-5, and 167-0 b y the f.p. process ; and the mol. wt . decreases from 1 6 7 0 
wi th a freshly prepared soln. t o 117-3 after the lapse of 155 min. The mol. con­
duct iv i t ies , JUL, of a soln. of a mol. of the salt in v litres of water at 0°, are : 

v . . 15-67 58-97 95-84 153-3 2220 
fjL . . 155 195 22O 23O 245 

w h e n t i m e = 0 . The conduct ivi t ies increase wi th age owing to hydrolysis. 
D . M. Bose discussed the magnet ic properties ; P . R a y and H. G. Bhar found the 
magnet ic susceptibil ity t o be 13-1 X KT~6 a t 25°. G. G. Henderson obtained the 
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dihydrate, K 3 M o C l 6 . 2 H 2 0 , in r e d p r i s m s . W . R . B u c k n a l l a n d co -worke r s f o u n d t h a t 
l iqu id a m m o n i a does n o t r e a c t w i t h t h e t r i p o t a s s i u m m o l y b d e n u m h e x a c h l o r i d e , t h u s 
s u p p o r t i n g t h e v iew t h a t t h e a m m o n i a rep laces t h e molecule of w a t e r in d i a m m o n i u m 
m o l y b d e n u m p e n t a c h l o r i d e . A . Chi leso t t i o b t a i n e d a t h i o c y a n a t e , K 3 Mo(CyS) 3 , b y 
t h e ac t ion of p o t a s s i u m t h i o c y a n a t e . F . F o r s t e r a n d E . F r i c k e , a n d W . R . B u c k n a l l 
and co-workers prepared potassium molybdenum pentachloride, K2MoCl5-H2O. 
1OO c.c. of t h e r e d soln. c o n t a i n i n g t e r v a l e n t m o l y b d e n u m , p r e p a r e d b y t h e e lec t ro ­
lysis of a soln. of 10 g r m s . of m o l y b d e n u m t r i ox ide in 100 c.c. of 82V-HC1, were 
a d d e d t o 25 c.c. of a so ln . of a g r a m of p o t a s s i u m ch lor ide a n d t h e m i x t u r e w a s 
cone , in a n air-free flask a t 60°—70° u n d e r r e d u c e d press , t o a vo l . of a b o u t 2 0 c.c. 
Air-free, a b s o l u t e a lcohol w a s n o w a d m i t t e d a n d a b r i g h t b r i ck - r ed , c rys t a l l i ne 
p r e c i p i t a t e s e p a r a t e d , which , a f ter filtration a n d "washing w i t h a lcohol , w a s d r i ed in 
v a c u o . T h e mo l . conduc t i v i t i e s , JUL, of soln. w i t h a mo l . of t h e sa l t in 21-19, 58-31 , 
a n d 94-08 l i t res of w a t e r a t 1° were r e spec t ive ly / x = 1 1 3 , 140, a n d 142 ; a n d t h e 
c o n d u c t i v i t i e s inc rease w i t h t i m e owing t o hyd ro lys i s . G. C a r o b b i f o u n d t h a t t h e 
c ry s t a l s of t h e p e n t a c h l o r i d e a r e r h o m b i c a n d i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g 
ferric sa l t . T h e s p . gr . is 2-39 a t 18°. Solid soln. w i t h u p t o 8 3 p e r c e n t . K 2 F e C l 5 - H 2 O , 
of sp . gr . 2-22, were fo rmed . A soln. of t h e m i x e d sa l t s depos i t s t h e fe r rous 
sa l t K 2 F e C l 4 . 2 H 2 O , on s t a n d i n g for severa l d a y s . T h i s i l l u s t r a t e s t h e s t r o n g 
r e d u c i n g a c t i o n of m o l y b d e n u m t r i ch lo r ide . W . R . B u c k n a l l a n d co -worke r s 
f o u n d t h a t a m m o n i u m m o l y b d e n u m p e n t a c h l o r i d e t a k e s u p a m m o n i a t o fo rm 
ammonium molybdenum amminopentachloride, (NH4)2[MoCl5(NH3)] .H20, when 
2 - 3 g r m s . of t h e p e n t a c h l o r i d e a re t r e a t e d w i t h a b o u t 15 c.c. of l i qu id a m m o n i a 
a t t h e t e m p , of a m i x t u r e of e t h e r a n d solid c a r b o n d iox ide , a n d t h e p r o d u c t w a s h e d 
first w i t h l i qu id a m m o n i a a n d t h e n w i t h d r y a c e t o n e . T h i s m a u v e - c o l o u r e d a m m i n e 
is e x t r e m e l y hygroscop ic a n d u n d e r g o e s r a p i d hyd ro ly s i s , a m m o n i u m ch lor ide 
be ing l i b e r a t e d whi l s t t h e s u b s t a n c e itself t u r n s b r o w n . I t is r e ad i l y so lub le in 
w a t e r , p r o d u c i n g a r e d d i s h - b r o w n soln. f rom w h i c h t h e h y d r o x i d e s e p a r a t e s a f te r 
a few m i n u t e s . I t w a s there fore imposs ib le t o d e t e r m i n e i t s m o l e c u l a r c o n d u c t i v i t y . 
O n t r e a t m e n t w i t h cone, hyd roch lo r i c ac id , t h e a m m i n e d isso lved , p r o d u c i n g a 
b r i l l i an t b lue co lora t ion . On d i lu t ion , t h e soln. t u r n e d g reen a n d finally p i n k , owing , 
i n all p r o b a b i l i t y , t o t h e r e - fo rmat ion of t h e or ig inal r ed c o m p l e x ch lor ide , w i t h 
l i b e r a t i o n of a m m o n i u m chlor ide . A t t e m p t s t o i so la te t h e b l u e s u b s t a n c e were n o t 
successful . W . R . B u c k n a l l a n d co-workers o b t a i n e d H [ M o ( C O C . C 6 H 4 . O H ) 2 ( H 2 O ) ] , 
b y t h e a c t i o n of s o d i u m sa l icy la te ; M o ( O H ) [ C 6 H 4 ( C O . 0 ) 2 ] . 3 H 2 0 , b y t h e a c t i o n of 
s o d i u m p h t h a l a t e ; a n d M o ( O H ) C 2 O 4 . 3 H 2 O , b y t h e a c t i o n of a m m o n i u m o x a l a t e . 
G. C a r o b b i f o u n d t h a t t h e a m m o n i u m a n d p o t a s s i u m sa l t s R 2 M o C l 5 - H 2 O a r e 
i s o m o r p h o u s w i t h t h e co r r e spond ing ferric sa l t s R 2 F e C l 5 - H 2 O . A. Chi leso t t i , a n d 
W . R . B u c k n a l l a n d co-workers also p r e p a r e d rub id ium m o l y b d e n u m p e n t a ­
chloride, R b 2 M o C l 5 - H 2 O , in r e d c rys t a l s v e r y soluble in w a t e r ; a n d l ikewise a lso 
r e d c ry s t a l s of caesium m o l y b d e n u m pentachloride , Cs 2 MoCl 5 -H 2 O. B y us ing 
m o r e cone , ac id soln. rub id ium m o l y b d e n u m hexachloride> R b 3 M o C l 6 ; a n d 
caes ium m o l y b d e n u m hexachlor ide , Cs3MoCl6 , were fo rmed . T h e h e x a h a l i d e s c a n 
b e r e p r e s e n t e d b y t h e fo rmula R 3 [MoCl 6 ] , a n d t h e p e n t a h a l i d e s b y R 2 [ M o C l 5 ( H 2 O ) ] . 
W . R . B u c k n a l l a n d co-workers f o u n d t h a t t h e sa l t s of p o t a s s i u m a n d a m m o n i u m 
a r e e x t r e m e l y so luble e v e n in cold w a t e r a n d give in t ense ly r e d soln . T h e s a l t s 
of ceesium a r e q u i t e inso luble a n d t h o s e of r u b i d i u m n e a r l y so . I n a lcohol a n d e t h e r 
h y d r o l y s i s occurs , a n d t h i s is a c c e l e r a t e d b y w a r m i n g a n d r e s u l t s u l t i m a t e l y 
in t h e p r e c i p i t a t i o n of t h e h y d r o x i d e of m o l y b d e n u m . AU t h e s a l t s h a v e p r o ­
n o u n c e d r e d u c i n g p r o p e r t i e s . F . F o r s t e r a n d E . F r i c k e o b s e r v e d t h a t o n l y t h e 
t e r v a l e n t e l e m e n t s of lower a t o m i c w e i g h t (Ti , V, Cr, Mn, F e , Co) in t h i s h o r i z o n t a l 
r o w of t h e pe r iod ic s y s t e m a p p e a r t o fo rm eas i ly-crys ta l l izab le c o m p l e x sa l t s w i t h 
b i v a l e n t a n i o n s , w h e r e a s t h e e l e m e n t s of h i g h e r a t o m i c w e i g h t a lso g ive wel l -
c rys t a l l i z ed c o m p l e x sa l t s w i t h u n i v a l e n t a n i o n s . A s i n d i c a t e d a b o v e , t h e f o r m a t i o n 
of r e d o r g r e e n soln . of m o l y b d i c ch lor ide b y e lec t ro lys is w a s f o u n d b y A . Chi lesot t i 
t o d e p e n d o n t h e c o n e , of t h e h y d r o c h l o r i c ac id . F . F o r s t e r a n d E . F r i c k e s t a t e d 
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t h a t t h e ex i s tence of t h e r e d sa l t s , (MoCl6)M3 a n d [MoCl 5 -H 2 O]M 2 , i n d i c a t e s t h a t in 
t h e r e d d i s h - b r o w n solns . of t e r v a l e n t m o l y b d e n u m a n e q u i l i b r i u m ex i s t s b e t w e e n 
t h e t e r v a l e n t c a t i o n s a n d t h e complex ions , (MoCl 5 -H 2 O)" a n d [Mo(H 2 O) 6 ] "* , 
r e spec t ive ly . Cons ide ra t ions of s t a t i c p o t e n t i a l l ead t o s imi la r conclus ions . N o 
conf i rmat ion w a s o b t a i n e d of Chi leso t t i ' s h y p o t h e s i s of a n i nc ip i en t r e d u c t i o n of 
t e r v a l e n t t o b i v a l e n t m o l y b d e n u m t a k i n g p lace . T h e p re sence of t h e ions 
M o C l 6 ' " , ( M o C l 5 5 H 2 O ) " , a n d [Mo 9 (H 2 O) 6 ] " " is he ld t o a c c o u n t for t h e inc reased 
r e d u c i n g p o w e r of t h e g r een t e r v a l e n t m o l y b d e n u m soln. H . J . B r a u n p r e p a r e d 
c o m p l e x sa l t s w i t h an i l ine , qu ino l ine , a n d p y r i d i n e ; a n d A. R o s e n h e i m a n d T . H . L i , 
w i t h e t h y l e n e d i a m i n e . 

A c c o r d i n g t o Xi. P . L i e c h t i a n d B . K e m p e , 3 w h e n m o l y b d e n u m t r i ch lo r ide is 
h e a t e d t o r e d n e s s i n a slow c u r r e n t of c a r b o n d iox ide , i t is resolved i n t o m o l y b d e n u m 
d ich lor ide a n d m o l y b d e n u m tetrachloride, MoCl 4 , w h i c h a p p e a r s as a yel low v a p o u r , 
a n d c o n d e n s e s t o a b r o w n , c rys t a l l ine p o w d e r wh ich is n o t s t a b l e in d r y c a r b o n 
d iox ide . W h e n h e a t e d in a sea led t u b e , i t d e c o m p o s e s i n t o m o l y b d e n u m p e n t a -
ch lo r ide a n d t r i ch lo r ide , a n d t h e l a t t e r d e c o m p o s e s i n t o t h e d ich lor ide , e t c . , as 
i n d i c a t e d a b o v e — t h i s is a n e x t r a o r d i n a r y cycle . I t p r o b a b l y m e a n s t h a t t h e r e is 
a s t a t e of equ i l i b r i um b e t w e e n t h e different chlor ides , a n d t h a t a rise of t e m p , favours 
t h e lower ch lor ides w h i c h a r e less vo la t i l e . T h e t e t r a c h l o r i d e is therefore one of t h e 
p r o d u c t s of t h e a c t i o n of ch lor ine on h e a t e d m o l y b d e n u m ; a n d C. W . B l o m s t r a n d , 
a n d H . D e b r a y o b t a i n e d i t b y t h e a c t i o n of ch lor ine o n a h e a t e d m i x t u r e of c a r b o n 
a n d m o l y b d e n u m ox ide or s u l p h i d e . A . Michae l a n d A. M u r p h y p r e p a r e d t h e 
t e t r a c h l o r i d e b y h e a t i n g m o l y b d e n u m d iox ide a n d c a r b o n t e t r a c h l o r i d e in a sealed 
t u b e a t 250° . M o l y b d e n u m t r i o x i d e r e a c t s w i t h c a r b o n t e t r a c h l o r i d e a t 280° w i t h t h e 
f o r m a t i o n of t h e p e n t a c h l o r i d e . W h e n t h e t r i o x i d e is h e a t e d w i t h a soln. of chlor ine 
in c a r b o n t e t r a c h l o r i d e a t 200°, t h e p r o d u c t cons is t s of a ye l lowish-green oxych lo r ide 
m i x e d w i t h u n c h a n g e d t r i ox ide ; a t 225°, a m i x t u r e of ye l low a n d g reen c o m p o u n d s 
is o b t a i n e d , p r o b a b l y cons i s t ing of t h e d ioxyd ich lo r ide a n d t h e o x y t e t r a c h l o r i d e ; 
a t 240° , t h e p e n t a c h l o r i d e is p r o d u c e d . T h e p e n t a c h l o r i d e is also o b t a i n e d w h e n t h e 
ox ide , M o 3 O 8 , is h e a t e d w i t h c a r b o n t e t r a c h l o r i d e a t 240° . Accord ing t o X. P . Xiecht i 
a n d B . K e m p e , m o l y b d e n u m t e t r a c h l o r i d e is a b r o w n , p a r t l y c rys ta l l ine p o w d e r . 
I t is affected b y a i r a s i n t h e case of t h e t r i ch lo r ide . I t does n o t m e l t w h e n h e a t e d 
in a sea led t u b e a n d fo rms b r o w n v a p o u r w h i c h cons i s t s of t h e decompos i t ion 
p r o d u c t s a s i n d i c a t e d a b o v e ; w h e n h e a t e d i n a n o p e n t u b e , i t fo rms a yel lowish-
w h i t e s u b l i m a t e , wh ich , owing t o t h e a c t i o n of t h e a t m . m o i s t u r e , cons is t s of t h e 
c o m p l e x oxych lo r ides MoO 3 . 2HCl , a n d MoO 2 Cl 2 , a n d ch lor ine a n d h y d r o g e n 
ch lor ide a r e evo lved . I t p r o d u c e s a h iss ing noise in c o n t a c t w i t h w a t e r ; t h e r e is a 
v i g o r o u s r eac t i on , a n d m o s t of i t f o rms a b r o w n aq . soln. ; a lcohol , a n d e t h e r b e h a v e 
s imi la r ly . No h y d r a t e h a s b e e n p r e p a r e d ; J . J . Berze l ius found t h a t a soln. of 
m o l y b d e n u m t e t r a h y d r o x i d e in hyd roch lo r i c ac id gives, on e v a p o r a t i o n , a d a r k , 
a m o r p h o u s , so luble m a s s . J . N . P r i n g a n d W . F ie ld ing obse rved t h a t t h e v a p o u r 
of t h e t e t r a c h l o r i d e , in c o n t a c t w i t h c a r b o n , fo rms m o l y b d e n u m or t h e ca rb ide 
a t a t e m p , be low 1300°. T h e r e is a h iss ing noise p r o d u c e d b y t h e a c t i o n of cone , 
h y d r o c h l o r i c ac id , b u t t h e boi l ing ac id dissolves o n l y a l i t t l e t e t r a c h l o r i d e ; t h e r e 
is a lso a h iss ing noise p r o d u c e d b y cone , su lphu r i c ac id , h y d r o g e n chlor ide is evolved , 
a n d a b lu i sh -green soln. is fo rmed . Cone, n i t r i c ac id forms a yel low soln. J . «T. Berzel ius 
e v a p o r a t e d a h y d r o c h l o r i c ac id soln. of m o l y b d e n u m d iox ide m i x e d w i t h 
a m m o n i u m chlor ide , and o b t a i n e d b r o w n c rys t a l s w h i c h C. W . B l o m s t r a n d r ega rded 
a s a m m o n i u m ch lor ide s t a i n e d a b r o w n colour . W . W a r d l a w a n d N . X). Sy lves te r 
o b s e r v e d n o r e a c t i o n b e t w e e n s u l p h u r a n d soln . of q u a d r i v a l e n t m o l y b d e n u m . 
J . J . Berze l ius s a t u r a t e d a hyd roch lo r i c ac id soln . of m o l y b d e n u m dioxide wi th 
ammonia , and obtained, on e v a p o r a t i o n , a b l ack , c rys ta l l ine m a s s which formed a 
red soln. w i t h water. A c c o r d i n g t o C. W . B l o m s t r a n d , if a soln . of a m m o n i u m 
chloride is s a t u r a t e d w i th m o l y b d e n u m t e t r a c h l o r i d e , a n d e v a p o r a t e d over su lphur ic 
acid, brown c ry s t a l s of impure a m m o n i u m ch lor ide first s e p a r a t e , a n d a f t e rwards , 
green, octahedral crystals of ammonium molybdenum tetradecachloride, 
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2NH 4 Cl .3MoCl 4 . 6H 2 O. T h e sa l t is s t a b l e in d r y a i r ; a n d i t d e c o m p o s e s w h e n 
h e a t e d giving off -water, a m m o n i u m chlor ide , h y d r o g e n chlor ide , as well a s m o l y b ­
d e n u m dioxide , and , if a i r h a s access , m o l y b d e n u m oxych lo r ide . T h e sa l t de l iquesces 
in m o i s t air . This c o m p l e x sa l t m a y b e a n oxych lo r ide , a n d n o t r ea l ly a s a l t of 
m o l y b d e n u m t e t r a c h l o r i d e . 

J . J . Berze l ius , 4 a n d C. W . B l o m s t r a n d first p r e p a r e d m o l y b d e n u m p e n t a ­
chloride, MoCl 5 ; b u t t h e y m i s t o o k i t for Molybdantetrachlorid. H . D e b r a y showed 
t h a t t h e p r o d u c t m u s t h a v e been t h e pen t ach lo r ide , a n d t h i s w a s conf i rmed b y t h e 
ana lyses of Lr. P . L i e c h t i a n d B . K e m p e . Accord ing t o J . J . Berze l ius , ch lor ine 
g a s does n o t a c t o n m o l y b d e n u m a t o r d i n a r y t e m p . , b u t w h e n g e n t l y h e a t e d , 
ch lor ine gas freed f rom a i r a n d o x y g e n p roduces a t r a n s i e n t glow over t h e sur face 
of t h e m e t a l , a n d a d a r k r e d v a p o u r of m o l y b d e n u m p e n t a c h l o r i d e is fo rmed , a n d 
t h i s condenses t o g rey i sh -b lack c rys t a l s . H . D e b r a y dis t i l led t h e p r o d u c t i n a 
c u r r e n t of c a r b o n d iox ide in o rde r t o r e m o v e t h e ch lo r ine . IL. P . L i e c h t i a n d 
R . K e m p e , W . Lede re r , a n d R. Ka l i scher e m p l o y e d a n ana logous m o d e of p r e ­
p a r a t i o n ; E . E . S m i t h a n d H . C. R u r r pas sed ch lor ine ove r a h e a t e d m i x t u r e of 
m o l y b d e n u m a n d suga r -cha rcoa l ; a n d C. W . B l o m s t r a n d p a s s e d d r y a n d air-free 
ch lo r ine ove r a m i x t u r e of m o l y b d e n u m d iox ide or d i su lph ide a n d c h a r c o a l — t h e 
b y - p r o d u c t , s u l p h u r monoch lo r ide , is easi ly r e m o v e d . P . C a m b o u l i v e s o b t a i n e d t h e 
p e n t a c h l o r i d e b y pass ing t h e v a p o u r of c a r b o n t e t r a c h l o r i d e over m o l y b d e n u m 
t r i o x i d e a t 510° . A . Michael a n d A. M u r p h y ' s o b s e r v a t i o n s on t h i s s u b j e c t 
a r e i n d i c a t e d in c o n n e c t i o n w i t h m o l y b d e n u m t e t r a c h l o r i d e . W . L e d e r e r obse rved 
t h a t w h e n t h e p r o d u c t o b t a i n e d b y dissolving m o l y b d e n u m in a q u a reg ia is h e a t e d , 
t h e v a p o u r of t h e p e n t a c h l o r i d e is g iven ofE. A. Chi lesot t i obse rved t h e p re sence 
of t h e p e n t a c h l o r i d e in t h e g reen soln. o b t a i n e d b y t h e e lect rolysis of a h y d r o c h l o r i c 
ac id soln. of m o l y b d e n u m t r i ox ide (q.v.). 

T h e b l a c k or g rey i sh -b l ack c rys t a l s of m o l y b d e n u m p e n t a c h l o r i d e a r e v e r y 
l ike t h o s e of iod ine . T h e green ish t i nge m e n t i o n e d b y H . D e b r a y is t a k e n b y 
L . P . L iech t i a n d B . K e m p e t o s h o w t h a t a t r a c e of oxych lo r ide is p r e sen t , b u t 
O. Euflt a n d F . E i s n e r a d d e d t h a t t h e c rys t a l s a r e d a r k g r e e n — a l m o s t b l ack . 
C. W . B l o m s t r a n d found t h a t t h e ac icular c rys t a l s o b t a i n e d b y s u b l i m a t i o n in c a r b o n 
d iox ide a re d a r k b r o w n or b rowni sh -b l ack . W . Bi l t z a n d C. F e n d i u s g a v e 2-928 
for t h e sp . gr . a t 25°/4° , a n d 93-3 for t h e mol . vo l . H . D e b r a y found t h e v a p . 
d e n s i t y a t 35° t o b e b e t w e e n 9-40 a n d 9-53 w h e n t h e t heo re t i c a l v a l u e for MoCl 3 is 
9*47. J . J . Berze l ius sa id t h a t t h e sa l t r ead i ly fuses ; H . D e b r a y g a v e 194° for 
t h e m . p . , a n d L . P . L i e c h t i a n d B . K e m p e a d d e d t h a t w h e n t h e m o l t e n sa l t is 
cooled, i t forms a c rys ta l l ine m a s s . A. Michael a n d A. M u r p h y g a v e 194° t o 195° 
for t h e m . p . H . D e b r a y g a v e 268° for t h e b . p . C. W . B l o m s t r a n d sa id t h a t w h e n 
s t rong ly h e a t e d t h e sa l t is p a r t i a l l y decomposed . Accord ing t o W . H a m p e , t h e 
m o l t e n sa l t is d a r k red , a n d in t h i c k l aye r s i t a p p e a r s b lack , a n d if t h e access of 
m o i s t u r e b e p r e v e n t e d , i t does n o t c o n d u c t e lec t r ic i ty e i the r a t t h e m . p . or a t t h e 
b . p . S. J . L l o y d found t h a t t h e e lect r ical c o n d u c t i v i t y , JUL, of a m o l of t h e sa l t i n 
v l i t res of so lven t a t 18° is for t h e g reen soln. in m e t h y l a c e t a t e / L C = 5 - 1 , 3-33, a n d 
2-88 respec t ive ly for v = 2 6 0 0 , 10,400* a n d 41,600 ; for t h e g reen soln. i n e t h y l 
a c e t a t e , yLc = l -12, 0-91, a n d 0-82 r e spec t i ve ly for v = 3 2 0 0 , 6400, a n d 25,600 ; for 
t h e ol ive-green soln. in a c e t o n e , / A = 2 - 0 2 , 2-36, a n d 3*75 respec t ive ly for t>=2925 , 
11,70O, a n d 103,60O ; for t h e o l ive-green soln. in b e n z a l d e h y d e , /Lt=2-4, 2-15, a n d 
1-92 respec t ive ly for i>=2900, 5800, a n d 23,2OO ; for t h e r e d d i s h - b r o w n soln . i n 
p y r i d i n e , / x = 1 1 4 , 1-79, a n d 3-12 r e spec t ive ly for v==3150, 12,600, a n d 5 0 , 4 0 0 ; 
a n d for t h e r e d d i s h - b r o w n soln. i n g lycerol , / / , =0 -92 , 1-08, a n d 1-95 for v—2509 , 
5018, a n d 20,072. A. Voig t a n d W . B i l t z f o u n d t h e s p . c o n d u c t i v i t y of t h e m o l t e n 
p e n t a c h l o r i d e t o b e l - 8 x l 0 ~ 6 m h o a t 216°, a n d 7 - 5 x l 0 ~ « a t 258°, a n d W . B i l t z 
g a v e for t h e t e m p , coeff. of t h e c o n d u c t i v i t y 0 -0 5 21 . T h e s u b j e c t w a s d i scussed 
b y W . B i l t z a n d W . K l e m m , a n d G. v o n H e v e s y . 

N . P a r r a v a n o a n d C. M a z z e t t i o b s e r v e d t h a t m o l y b d e n u m p e n t a c h l o r i d e m i x e d 
w i t h h y d r o g e n i s r e d u c e d w h e n pas sed o v e r a n i r o n r o d a t 900°, f o r m i n g a film of 
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a molybdenum-iron alloy on the heated rod. J. J. Berzelius found t h a t when the 
sal t is kept in a vessel containing air, an oxychloride is formed, and L. P . Liechti 
and B . K e m p e obtained a similar product b y heat ing the pentachloride in air. 
The salt fumes in mois t air, and, according to J. J. Berzelius, rapidly turns bluish-
green, and then del iquesces t o a black, bluish-green, greenish-yellow, deep red, 
reddish-brown, and finally ye l low l iquid while hydrogen chloride is evo lved . The 
pentachloride dissolves in water vigorously giving off so much heat tha t the l iquid 
boils. H . Debray said tha t the aq. soln. is green or brown ; and L. P . Liechti and 
B . K e m p e added that i t hisses when in contact with a small proportion of water 
and forms a brown liquid ; w i th a large proportion of water the soln. is colourless. 
M. Guichard found t h a t in aq. soln. t h e pentachloride is resolved into the tetra­
chloride and trioxide, and the s trongly acid soln. forms a blue oxide when exj)osed 
t o air. J. Nordenskjold, and B . Kalischer consider that , in all probability, the 
first act ion of water can be represented : M O C I 5 - I - I I 2 O = M O O C I 3 + 2 H C l . According 
t o Lt. P . Liechti and B . K e m p e , a l i tt le absolute alcohol dissolves the pentachloride 
wi thout hissing t o form a dark green soln. which becomes brown if moisture be 
present ; absolute ether also forms a green soln. wi thout hissing. B . Kalischer 
added t h a t chloroform and carbon tetrachloride form brown soln. which become 
green if a l i tt le water be present—vide supra. According t o O. Ruff and F. Eisner, 
a t ordinary t emp. , hydrogen fluoride converts i t into a gaseous molybdenum 
fluoride and hydrogen chloride ; hydrogen chloride turns the pentachloride emerald-
green, "whilst hydrochloric acid dissolves i t w i th the evolut ion of much heat ; nitric 
acid forms a colourless soln. ; cone, sulphuric acid g ives a bluish-green soln. which 
gradually turns brown and then yel low. W. H a m p e observed t h a t the penta­
chloride forms a green soln. with a small proportion of cone, hydrochloric acid, and 
a red or reddish-brown soln. wi th a larger proportion of acid. On electrolysis, the 
soln. of the pentachloride in cone, hydrochloric acid is reduced at the cathode to 
the trichloride, and at the anode MoO 3 .nHCl is formed. A. Cr. Page observed tha t 
m o l y b d e n u m pentachloride acts as a cata lyst in chlorinations. O. C. M. D a v i s 
obta ined the complex molybdenum nitrogen tetrasulphopentachloride, MoCl5-N4S4 , 
b y the act ion of nitrogen tetrasulphide on mo lybdenum pentachloride. H . J. Braun 
studied the action of ammonia on molybdenum pentachloride—vide the molyb­
d e n u m amides . F . W . Bergstrom represented the reactions b y M o C l 5 + 8 N H 3 = 
M o ( N H ) 2 N H 2 - h 5 N H 4 C l , and b y M o C l 5 + 8 N H 3 = - M o ( N H 2 ) 4 C 1 + 4 N H 4 C l . A. Piutt i 
obta ined molybdenuin phosphoryl octochloride, MoCl5 .POCl3 , b y the action of 3 mols 
of phosphorus pentachloride on a mol of m o l y b d e n u m trioxide in a sealed tube 
a t 170° ; and E . F . Smi th and G. W. Sargent, molybdenum phosphorus decachloride, 
MoCl5-PCl5 , b y using 5 mols of phosphorus pentachloride- W. H a m p e observed 
t h a t absolute alcohol or ether reacts vigorously with the evolut ion of heat, and g iv ing 
of hydrogen chloride and e thy l chloride. The grass-green soln. formed with absolute 
alcohol g ives a reddish-brown tetroxide when treated with alkali-lye. B . Kalischer 
said t h a t the alcoholic soln. contains MoOCl3 ; and he found tha t the pentachloride 
dissolves wi th a hissing noise in m a n y organic liquids—e.g. alcohols, ethers, ketones , 
a ldehydes , acids, acid anhydrides, esters, and amines. W. Wardlaw and 
H . W . W e b b also observed t h a t molybdenum pentachloride reacts vigorously with 
dry methy l , e thyl and benzyl alcohols, forming molybdenyl trichloride, but it does 
n o t react with phenol. D r y ether forms MoCl5 .2(C2H5J2O, and wi th moist ether 
there is formed MoOCl3 .2(C2H5J2O, which wi th hydrogen chloride furnishes 
MoOCl3-(C2Hg)2O. Pyridine forms MoOCl 5 .2C 5 H 5 N, as well as MoCl 4 .3C 5H 5N, 
MoCl 4 .4C 6 H 6 N, and M o C l H 4 ^ C 6 H 6 N . A. Michael a n d A. Murphy found that the 
pentachloride is soluble in carbon tetrachloride. J". J . Berzelius said that molyb­
d e n u m pentachloride unites w i th a m m o n i u m chloride, but not wi th sodium or 
potass ium chloride. B . Kalischer found t h a t an excess of alkali hydroxide forms 
Mo(OH) 4 and K 2 M o O 4 ; and P . Klason, that the theoretical proportion of alkali 
hydroxide forms MoO(OH) 3 . 

E . F . Smith and H. C. Burr 6 found t h a t metal l ic mo lybdenum rapidly acts on 
vox,. Xi. 2 s 
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ferr ic ch lor ide soln. w i t h r e d u c t i o n of t h e ferric sa l t , a n d dissolves a s a h e x a d ; 
a n d t h e y t r i e d t o p r e p a r e m o l y b d e n u m hexachloride» MoCl6 , b y d r i v i n g t h e o x y g e n 
from a n oxych lo r ide of s ex iva l en t m o l y b d e n u m . T h u s , m o l y b d e n y l ch lor ide , 
MoO 2 Cl 2 , w a s m i x e d w i t h a n e q u i v a l e n t q u a n t i t y of p h o s p h o r u s p e n t a c h l o r i d e , 
a n d h e a t e d in a sea led t u b e , i n t h e p resence of chlor ine , a t 170°. O n cool ing, i t w a s 
found t h a t t h e t u b e c o n t a i n e d a m a s s of g reen i sh -b lack c r y s t a l s ; t h e s e , w h e n 
freed f rom p h o s p h o r u s oxych lo r ide b y d i s t i l l a t ion in a c u r r e n t of chlor ine , y i e lded 
a p r o d u c t wh ich , on ana lys i s , g a v e figures a p p r o x i m a t i n g m o r e t o t h e p e n t a c h l o r i d e 
t h a n t o t h e hexach lo r i de . T h e e x p e r i m e n t w a s r e p e a t e d , sil icon t e t r a c h l o r i d e 
be ing s u b s t i t u t e d for t h e p h o s p h o r u s c o m p o u n d . T h e c rys ta l l ine p r o d u c t w a s 
qu i ck ly r e m o v e d t o a b o a t , a n d dis t i l led in a n a t m o s p h e r e of c a rbon ic a n h y d r i d e . 
T h e b r o w n v a p o u r s c o n d e n s e d in t h e colder po r t i ons of t h e t u b e , a n d on ana lys i s 
g a v e r e su l t s v a r y i n g b e t w e e n t h o s e r e q u i r e d b y t h e t e t r a c h l o r i d e a n d t h e p e n t a ­
ch lor ide . O. Ruff a n d F . E i s n e r h e a t e d a m i x t u r e of m o l y b d e n u m p e n t a c h l o r i d e 
a n d l i qu id ch lo r ine i n a sealed t u b e for 96 h r s . a t 100°, b u t o b t a i n e d on ly c ry s t a l s 
of t h e p e n t a c h l o r i d e . 
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§ 2 0 . M o l y b d e n u m Oxychlorides 

Accord ing t o W . W a r d l a w a n d R . Lr. W o r m e l l , 1 mo lybdany l chloride, 
MoOCl .4H 2 O, c a n b e i so la ted f rom a cone . soln. of t e r v a l e n t m o l y b d e n u m . 

A soln . of 60 g r m s . of m o l y b d e n u m t r i o x i d e i n 390 c .c . of h y d r o c h l o r i c ac id of s p . gr . 
1-16 w a s h e a t e d o n a w a t e r - b a t h for 8 h o u r s , m a d e u p t o 600 c . c , a n d e lec t ro lyzed , in a 
d i a p h r a g m cell w i t h s m o o t h p l a t i n u m e l ec t rodes u n t i l t h e c a t h o d e so ln . w a s o l ive-green. 
T h i s so ln . w a s t h e n cone , a t 50° u n d e r d i m i n i s h e d p r e s s . , i n a n air-free flask ; t h e co lour 
c h a n g e d f rom g r e e n t o r e d d i s h - b r o w n a t a b o u t 250 c.c . Af te r cone , t o 180—200 c . c , t h e 
so ln . w a s t r a n s f e r r e d t o a s m a l l cell a n d r e -e l ec t ro lyzed . A so ln . -was t h u s o b t a i n e d h a v i n g 
a m u c h h i g h e r cone , of t e r v a l e n t m o l y b d e n u m t h a n one p r e p a r e d b y d i r ec t d i s so lu t ion of 
t h e t r i o x i d e in cone , h y d r o c h l o r i c a c id . T h e e lec t ro lys i s w a s c o n t i n u e d u n t i l a s a m p l e of 
t h e c a t h o d e l i qu id , p o u r e d i n t o a c e t o n e , g a v e a n a p p r e c i a b l e buff-coloured p r e c i p i t a t e . 
T h e c a t h o d e so ln . w a s n o w forced b y t h e p r e s s , of c a r b o n d iox ide i n t o air-free a c e t o n e ; 
t h e o x y c h l o r i d o , w h i c h s e p a r a t e d a s a h e a v y , buf f -co loured p o w d e r i n a l m o s t q u a n t i t a t i v e 
y i e ld , w a s w a s h e d w i t h a c e t o n e , a l coho l a n d d r y e t h e r , al l t h e s e o p e r a t i o n s b e i n g p e r f o r m e d 
i n a n a t m o s p h e r e of c a r b o n d i o x i d e w i t h r ig id exc lus ion of a i r , a n d t r a n s f e r r e d t o a des icca tor 
filled w i t h c a r b o n d i o x i d e , w h i c h w a s t h e n e v a c u a t e d . T h e a n a l y s i s c o r r e s p o n d s "with 
M o O C 1 . 3 H a O , b u t t h e s a l t w a s d r i e d i n a de s i cca to r . If t h e o x y c h l o r i d e b e p r e c i p i t a t e d 
f r o m a so ln . of a b o u t a q u a r t e r t h e c o n c e n t r a t i o n h e r e i n d i c a t e d , t h e a n a l y s i s c o r r e s p o n d s 
c losely w i t h M o O C 1 . 4 H 2 0 . 

I t is a s s u m e d t h a t t h e fo rma t ion of m o l y b d e n y l chlor ide in aq . soln. of potassium, 
m o l y b d e n u m hexach lo r ide is a r e su l t of a series of h y d r o l y t i c r eac t i ons H3[MoCl6J 
+ H 2 O ^ R * [ M o C l 5 ( H 2 0 ) ] + R C l ; R 2 [ M o C l 5 ( H 2 O ) ] + H 2 O ^ R [ M o C l 4 ( H 2 O ) 2 ] + R C l ; 
R [MoCl 4 (H 2 O) 2 ] + H 2 O ^ M o C l 3 . 3 H 2 0 + R C l ; M o C l 3 ^ H o O ^ MoCl 2(OH) + HCl 
+ ( ^ - I ) H 2 O ; a n d M o C l 2 ( O H ) ^ M o O C l + H C l . T h e mol . wt . of m o l y b d e n y l 
ch lor ide ca l cu la t ed f rom t h e f .p. of a q . soln. c o n t a i n i n g 0-1682 a n d 0-2531 g r m . 
of sa l t in 10 g r m s . of w a t e r w a s r e spec t ive ly 186-1 a n d 191-3. T h e sa l t is t h u s in 
al l p r o b a b i l i t y h y d r o l y z e d in a q . soln. ; [ M o O C 1 . 4 H 2 0 ] + H 2 0 ^ [ M o 0 . 5 H 2 0 ] * + C l ' . 
T h e hydro lys i s t h u s y ie lds a b i n a r y e lec t ro ly te . T h e progress ive hydro lys i s is 
s h o w n b y t h e fac t t h a t a q . soln. a t 1° h a v e a mol . c o n d u c t i v i t y / x = 3 3 - 7 for v==4 
af te r 4 m i n . a n d / A = 5 0 - 8 af ter 220 min . ; a n d for soln. w i t h v = 2 5 , / A = 3 3 , af ter 
2 min . , a n d af ter 40 min . , yu,=65-2. T h e dried solid is buff-coloured ; a n d i t does n o t 
de l iquesce in air , a l t h o u g h i t s t i t r a t i o n v a l u e g r adua l l y falls owing t o a i r ox ida t ion . 
I t is r e a d i l y soluble in w a t e r a n d in cone, hydroch lo r ic acid , y ie ld ing a m b e r a n d 
r e d d i s h - b r o w n soln. I t is inso luble in ace tone or e ther , b u t dissolves s l ight ly in 
oold , a n d r ead i ly i n h o t a b s o l u t e alcohol . Cupr ic a n d mercu r i c chlor ides a re r educed 
t o t h e " ous " cond i t ion , w i t h fu r the r r e d u c t i o n t o t h e m e t a l b y use of excess of t h e 
oxych lor ide . F e r r i c chlor ide also is r ead i ly r educed t o t h e " ous " s t a t e . Su lphur , 
o n boi l ing w i t h a soln, of t h e solid, yie lds h y d r o g e n su lph ide . S o d i u m a n d 
a m m o n i u m h y d r o x i d e s g ive b lack , flocculent p rec ip i t a t e s , r ead i ly soluble in acids , 
wh ich a re p r o b a b l y t h e t r i h y d r o x i d e s . P o t a s s i u m c y a n i d e r eac t s s imilar ly . 
P o t a s s i u m fer r icyanide g ives a deep r ed co lora t ion . Si lver n i t r a t e is r educed t o 
t h e m e t a l , whi l s t l e ad a c e t a t e acidified w i t h ace t i c ac id gives n o p rec ip i t a t e of 
l ead chlor ide , i n d i c a t i n g t h e absence of t h e ch lor ide ion. T u n g s t e n a n d u r a n i u m 
d o n o t y ie ld ana logues of m o l y b d a n y l monoch lor ide , b u t v a n a d i u m , which shou ld 
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resemble i t b y reason of i t s d i agona l pos i t i on i n t h e per iod ic t ab l e , fo rms a b r o w n , 
insoluble oxychlor ide . VOCL A n oxych lo r ide of c h r o m i u m , CrCl (OH) 2 , h a s b e e n 
descr ibed , b u t t h e genera l m e t h o d of p r e p a r a t i o n of t e r v a l e n t c h r o m i u m o x y -
chlor ides is n o t sa t i s fac to ry . 

A green modif ica t ion of m o l y b d a n y l chlor ide , MoOCl .4H 2 O, h a s a lso b e e n 
p re imred : 

A soln. of 6O grms. of rnolyhdeni im tr ioxide in 39O c.c. of hydrochloric acid of sp . gr. 
1-16, w a s d i luted t o 5OO c . c , e lectrolyzed for 4 hours in a d iaphragm cell a n d concentrated 
at 50° under d iminished press , t o 25O c.c. This cone, so ln . , in which t h e m o l y b d e n u m w a s 
quinquevalent , w a s t h e n re-electrolyzed. On prolonged electrolysis , t h e soln. b e c a u s e 
green and t h e cone, of '* free " acid diminished. A t th is s tage , a port ion of the soln. , 
on be ing poured i n t o ace tone , g a v e a bluish-green precipi tate , a typ ica l hydro lyzed 
product . The cell w a s n o w cooled in ice, and the cathode l iquid forced by t h e press , of 
carbon d iox ide in to a n equal vo l . of ice-cold 102V- hydrochloric acid. T h e ol ive-green 
so ln . t h u s produced w a s poured into air-free acetone and a green solid t h e n separated in 
exce l lent y ie ld . I t w a s filtered off, washed wi th acetone , and dried in a v a c u u m desiccator . 
Al l these operat ions were performed in an atmosphere of carbon dioxide , air be ing rigidly 
exc luded . 

T h e mol . w t s . ca lcu la ted f rom t h e depress ion of t h e f .p. of w a t e r c o n t a i n i n g 
0-2302 a n d 0-9774 g r m . of t h e sa l t in IO g r m s . of w a t e r were r e spec t ive ly 161-7 
a n d 191-4. T h e mol . conduc t iv i t i e s of a soln. w i t h ^ = 5 - 7 a t 1° were 42-77 a f te r 
t h e l apse of one m i n u t e , a n d 53*6 after t h e lapse of 7 m in . T h e f r e sh ly -p rec ip i t a t ed 
sol id is green, b u t on d ry ing i t becomes greyish-green . O n e x p o s u r e t o t h e air , 
i t d a r k e n s in colour a n d hydro lyzes . I t is m o r e r ead i ly soluble in w a t e r a n d in cone , 
hyd roch lo r i c ac id t h a n i t s b r o w n i somer ide , b u t is inso luble in a lcohol . I t ha,s 
s imi la r r e d u c i n g p rope r t i e s t o t h e b r o w n oxych lo r ide , b u t is m u c h m o r e r e a c t i v e . 
T h e r e su l t s agree w i t h t h e a s s u m p t i o n t h a t t h e t w o i somer ides h a v e t h e co -o rd ina t i on 
fo rmula [MoOCl .4H 2 O] ; a n d t h e r eac t ions w i t h s o d i u m sa l icy la te f a v o u r t h e 
a s s u m p t i o n t h a t t h e red a n d green modif ica t ions a r e r e spec t ive ly cis- a n d lrans-
i somer ides : 

O O 

Trans- or green form. Gis- or red form. 

W . W a r d l a w a n d R . L . W o r m e l l showed t h a t b y doub l e d e c o m p o s i t i o n of t h e 
t h e o r e t i c a l a m o u n t s of m o l y b d a n y l monoch lo r ide a n d t h e a lka l i sa l t s of benzo ic , 
t a r t a r i c , a n d p h o s p h o r i c ac ids , r espec t ive ly , in air-free, a q . soln. , r e ac t i ons occur 
in a c c o r d a n c e w i t h t h e e q u a t i o n s : M o O C l + C 6 H 5 . C O 2 N a = C 6 H 5 . C O * . M o O - + - N a C l ; 
2MoOCl + N a K C 4 H 4 O 6 == ( M o O ) 2 C 4 H 4 O 6 + NaCl + KCl ; 3MoOCl + N a 2 H P O 4 
= ( M o O ) 3 P O 4 + 2 N a C l + H C l . These insoluble m o l y b d a n y l sa l t s a r e all buff-coloured 
a n d u n d e r g o g r a d u a l hydro lys i s i n c o n t a c t w i t h w a t e r . T h e y a r e b e s t purif ied b y 
w a s h i n g w i t h dil . soln. of t h e co r re spond ing ac ids . Soln. of s o d i u m o x a l a t e a n d 
n o r m a l s o d i u m c i t r a t e also g ive well-defined, buff p r ec ip i t a t e s w h e n t h e y a r e a d d e d 
t o a soln. of m o l y b d a n y l chlor ide . These p rec ip i t a t e s a r e p r o b a b l y t h e cor re ­
s p o n d i n g m o l y b d a n y l sa l t s . 

W . R . B u c k n a l l a n d co-workers p r e p a r e d po tas s ium m o l y b d e n u m dichloride, 
K M o O C l 2 . 3 H 2 O , in t h e following m a n n e r : 350 c.c. of t h e g reen soln. c o n t a i n i n g 
3 5 g r m s . of m o l y b d e n u m t r iox ide were cone , t o a b o u t 120 c . c , a n d re -e lec t ro lyzed 
for a n h o u r t o ensu re t h e comple t e r e d u c t i o n of t h e m o l y b d e n u m t o t h e t e r v a l e n t 
fo rm. 250 c.c. of a 10 p e r cen t . soln. of p o t a s s i u m chlor ide were a d d e d , a n d t h e 
who le w a s cone , n e a r l y t o d r y n e s s u n d e r r e d u c e d press , a t 70°. T h e r e d sa l t f o r m e d 
w a s t h e n r e m o v e d a n d t h e f i l t ra te t r e a t e d w i t h a lcohol , w h e r e b y a b r i g h t ye l low 
s u b s t a n c e w a s p r e c i p i t a t e d . Th i s w a s fi l tered, w a s h e d w i t h a lcohol , a n d d r i ed i n 
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v a c u o . I t was s lowly soluble in w a t e r t o a r e d d i s h - b r o w n so In., a n d after a t i m e 
t h e solid t u r n e d g reen i sh -b rown. T h e mol . c o n d u c t i v i t y i nc reased w i t h t i m e , a n d 
a g r e e d w i t h t h e a s s u m p t i o n t h a t t h e co -o rd ina t ion fo rmula is K [ M o O C l 2 ( H 2 O ) 3 ] . 
T h e sa l t is r a p i d l y h y d r o l y z e d in aq . soln. B y s imi la r ly t r e a t i n g a g reen soln . w i t h 
a m m o n i u m chlor ide , a n i m p u r e a m m o n i u m m o l y b d e n u m chloride, p r o b a b l y 
( N H 4 ) [ M o ( O H ) C l 3 ( H 2 O ) 2 ] , w a s fo rmed . 

I t is doub t fu l if m o l y b d e n y l trichloride, MoOCl 3 , h a s b e e n p r e p a r e d , a l t h o u g h 
c o m p l e x sa l t s , KCl .MoOCl 3 , a r e k n o w n . C. W . B l o m s t r a n d 2 o b t a i n e d a p r o d u c t 
of t h e compos i t i on Mo 9 O 8 Cl 3 2 , b y t h e a c t i o n of chlor ine on a n i n t i m a t e m i x t u r e of 
m o l y b d e n u m d iox ide a n d c a r b o n h e a t e d b y a n alcohol l a m p ; a n d also b y pass ing 
ch lor ine over i n c o m p l e t e l y r e d u c e d m o l y b d e n u m oxide . I . Nordensk jo ld r ega rded 
t h e p r o d u c t as a m i x t u r e of MoO 2 Cl 2 a n d MoCl 5 ; a n d P . K la son , a s m o l y b d e n y l 
t r i ch lo r ide . C. W . B l o m s t r a n d desc r ibed i t a s a d a r k g reen m a s s of t a b u l a r c rys ta l s ; 
i t m e l t s a n d vapor i zes be low 100°. I t is s t ab l e w h e n h e a t e d in a sealed t u b e , a n d 
in t h i n l aye r s in d i r ec t sun l igh t , i t a cqu i r e s a r edd i sh colour . I t qu i ck ly decomposes 
w h e n exposed t o a i r a n d b e c o m e s b l u e . I t c a n b e s u b l i m e d in h y d r o g e n . T h e 
v a p o u r is d a r k r edd i sh -b rown . I t is v igorous ly a t t a c k e d b y w a t e r ; i t forms a 
green soln. w i t h a smal l p r o p o r t i o n of w a t e r — a single d r o p of w a t e r colours i t b lue 
— a n d w i t h m o r e w a t e r a b lue p r e c i p i t a t e is fo rmed . H . F l eck a n d E . F . S m i t h 
found t h a t t h e c o m p o u n d r e a c t s w i t h e t h y l a m i n e ; a n d I . Nordensk jo ld o b t a i n e d 
complexes b y a d d i n g a l i p h a t i c a m i n e s or p y r i d i n e t o t h e soln. in hydroch lo r i c ac id . 
Th i s soln. is supj josed t o c o n t a i n MoOCl 3 .2HCl , or H 2 [MoOCl 6 ] , for, w i t h a lkal i 
or o rgan ic a m m o n i u m chlor ides , i t y ie lds c o m p l e x sa l t s of t h e t y p e R 2 [MoOCl 5 ) . 
F o r a s imi la r r eason , g reen soln. of m o l y b d e n u m p e n t a c h l o r i d e a r e s u p p o s e d t o 
c o n t a i n m o l y b d e n y l t r i ch lo r ide . If t h e g reen soln. is d i l u t e d w i t h wa te r , i t becomes 
b r o w n owing t o t h e f o r m a t i o n of col loidal M o ( O H ) 5 , b u t w h e n hydroch lo r i c ac id is 
a d d e d t h e soln. becomes g reen . J . J . Berze l ius s h o w e d t h a t a soln. of m o l y b d e n u m 
t r i ox ide is r ead i ly r e d u c e d b y h y d r i o d i c acid , a n d F . M a u r o a n d L . D a n e s i showed 
t h a t t h e m o l y b d e n u m t r i ox ide is r e d u c e d t o a q u i n q u e v a l e n t fo rm w i t h t h e l ibe ra t ion 
of a n a t o m of iod ine p e r mo l . of t h e t r i ox ide . T h e r e a c t i o n w a s u t i l ized in t h e 
i o d o m e t r i c d e t e r m i n a t i o n of m o l y b d e n u m b y C. F r i e d h e i m a n d H . v o n Eu le r -
Chelpin , a n d F . A. Gooch a n d co-workers . 

G. Bailhache prepared ammonium molybdenyl pentachloride, 2NH4CLMoOCl3, 
or (NH 4 J 2 [MoOCl 5 ] , b y c rys t a l l i za t ion f rom a soln. of p o t a s s i u m m o l y b d e n y l o x a l a t e 
a n d a m m o n i u m chlor ide in hyd roch lo r i c ac id ; a n d b y pass ing h y d r o g e n chlor ide 
i n t o a soln. of m o l y b d e n u m t r i o x y d i s u l p h a t e , Mo 2 O 3 (SO 4 J 2 , a n d a m m o n i u m chlor ide . 
P . K l a s o n also o b t a i n e d t h i s s a l t b y a d d i n g a mo l of a m m o n i u m iodide, a n d 0-1 
mol a m m o n i u m chlor ide p e r g r a m - a t o m of m o l y b d e n u m , t o a soln. of 2OO g r m s . of 
a m m o n i u m m o l y b d a t e in 600 c.c. of fuming hydroch lo r i c ac id ; dis t i l l ing of¥ t h e 
iod ine on a s a n d - b a t h w i t h fresh a d d i t i o n s of hyd roch lo r i c ac id ; a n d s a t u r a t i n g t h e 
l iqu id w i t h h y d r o g e n ch lor ide . T h e g reen l iqu id w a s a l lowed t o s t a n d for c rys t a l ­
l i za t ion . F . F o r s t e r a n d E . F r i c k e o b t a i n e d t h e sa l t b y e lec t ro ly t ica l ly r educ ing a 
so ln . of m o l y b d e n u m t r i o x i d e in hyd roch lo r i c acid, a n d s u b s e q u e n t l y a d d i n g 
a m m o n i u m chlor ide t o t h e l iqu id . R . Gr. J a m e s a n d W . W a r d l a w used t h e following 
process : 

100 grms . of m o l y b d e n u m tr ioxide -were dissolved in 50O c.c. of h o t hydrochloric acid 
of s p . gr. 1*16, and t h e soln . evaporated t o 250 c . c , filtered, and m a d e u p t o 50O c.c. wi th 
hydrochloric ac id . 15O c.c. of th i s l iquid were p laced in a d iaphragm cell containing 
I G ^ - N H 4 O H a n d a smal l q u a n t i t y of a m m o n i u m chloride. O n electrolysis w i t h a current 
dens i ty of O-l a m p . per sq . c m . , a n d cont inuous saturat ion of the cathode -with hydrogen 
chloride, a good y ie ld of t h e sa l t separated out . 

T h e lower ing of t h e f.p. of a q . soln. agrees w i t h a mol . w t . of a b o u t 36 w h e n t h e 
mo l . w t . of (NH 4 J 2 MoCl 5 is 325-3. T h e e lect r ical conduc t iv i t i e s of soln. wi th a mol 
of t h e sa l t in 199-2, 796*8, 1593-6, a n d 3187-2 l i t res of w a t e r a re , respect ively , 755-3, 
865-6, 916-8, a n d 948 . T h e r e su l t s a re t a k e n t o agree w i t h t h e a s s u m p t i o n t h a t t h e 
c o m p l e x MoOCl 5 " - ion is u n s t a b l e a n d t h a t ion iza t ion a n d hydro lys is occur in 
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acco rd w i t h R 2 [MoOCl 5 ] + H 2 O ^ R [ M o O C l 4 5 H 2 O l + R C l . R [ M o O C l 4 5 H 2 O ] + H 2 O 
^ [ M o O C l 3 . 2 H 2 0 ] + R C l ; [ M o O C l s , 2 H 2 0 ] + H 2 O ^ [MoO(OH)CI 2 ,2H 2 OJ + H C l ; 
[ M o O ( O H ) C l 2 . 2 H 2 0 ] + H 2 0 = [ M o O ( O H ) 2 C l , 2 H 2 0 ] + H C l = [ M o 0 2 C l , 3 H 2 0 ] + H C l ; 
[ M o 0 2 C l , 3 H 2 0 ] + H 2 0 ^ [ M o 0 2 ( O H ) , 3 H 2 0 ] + H C l . W h e n c e a t infini te d i lu t ion : 
R 2 [ M o O C l 6 ] + 5 H 2 0 ^ [ M o 0 2 ( O H ) , 3 H 2 0 ] + 2 R C l + 3 H C l . Th i s ag rees w i t h t h e 
obse rved fact t h a t 10 ions p e r mo l . a r e p r o d u c e d a t infinite d i lu t ion . A d d i t i o n a l 
conf i rmat ion of t h i s s c h e m e of ion iza t ion for t h e c o m p l e x sa l t s is afforded b y t h e 
i so la t ion of t h e i n t e r m e d i a t e p r o d u c t s R[MoOCl 4 5 H 2 O] , R [ M o 0 2 C l 2 , 2 H 2 0 ] 5 a n d a n 
oxychlor ide , [Mo 2 O 4 (OH)Cl 5 4H 2 O] , wh ich m a y b e cons idered as de r ived f rom t h e 
i n t e r m e d i a t e s u b s t a n c e s [ M o 0 2 C l , 3 H 2 0 ] a n d [ M o O 2 ( O H ) , 3 H 2 O ] . Accord ing t o 
P . K l a s o n , t h e gTeen, o c t a h e d r a l c rys t a l s a r e s t ab le in air , a n d easi ly so luble in 
w a t e r . T h e s a l t c a n b e r e p r e c i p i t a t e d f rom i t s a q . soln. b y pass ing in h y d r o g e n 
ch lor ide . T h e sa l t i n aq . soln. is hyd ro lyzed , a n d i t m a y t h e n suffer a u t o - r e d u c t i o n 
t o fo rm m o l y b d e n u m b lue . T h e sa l t is decomposed b y a lcohol . I n a d d i t i o n t o 
t h e g reen sa l t , H . W i n k l e r o b t a i n e d a b r o w n form b y e v a p o r a t i n g on a w a t e r - b a t h 
t h e green m o t h e r - l i q u i d f rom t h e green sa l t u n t i l a film of c rys t a l s a p p e a r s o n t h e 
surface , a n d cooling t h e l iqu id b y ice-water . If t h e c rys t a l s a r e green , t h e t r e a t m e n t 
is r e p e a t e d o n t h e mothe r - l i qu id . T h e b rown , cub ic c rys t a l s a r e s t ab l e in a i r ; 
a n d t h e y a r e easi ly au to-ox id ized . T h e y form a g reen soln. w i t h wa te r—v ide infra. 
A. R o s e n h e i m a n d M. Koss , G. Scagl iar ini , R . G. J a m e s a n d W . W a r d l a w , a n d J . S a n d 
a n d O. K . H . B u r g e r o b t a i n e d complex sa l t s w i t h p y r i d i n e ; a n d R . G. J a m e s a n d 
W . W a r d l a w , sa l t s w i t h quinol ine , a n d w i t h t r i m e t h y l a m m o n i u m . I . Nordensk jo ld 
prepared potassium molybdenyl pentachloride, K2MoOCl5 .2H2O, by adding 
t h e ca l cu l a t ed q u a n t i t y of hydr iod ic ac id t o a soln. of m o l y b d e n u m t r i o x i d e in 
fuming hydroch lo r i c acid, d r iv ing off t h e free iodine , s a t u r a t i n g t h e soln. w i t h 
h y d r o g e n chlor ide , a d d i n g t h e ca lcu la ted q u a n t i t y of p o t a s s i u m chlor ide , a n d con­
c e n t r a t i n g t h e soln. in a c u r r e n t of h y d r o g e n ch lor ide . F . F o r s t e r a n d E . F r i c k e , 
a n d R . G. J a m e s a n d W . W a r d l a w also p r e p a r e d t h i s sa l t . T h e lower ing of t h e 
f .p. of a q . soln. agrees w i t h a n a p p a r e n t mo l . w t . of a b o u t 40 w h e n t h e t h e o r e t i c a l 
v a l u e for K 2 M o O C l 5 is 367-5. T h e e lect r ica l conduc t iv i t i e s of soln. of a m o l of t h e 
sa l t i n 36-54, 292-3, 584-6, a n d 1169-3 l i t res of w a t e r a re , r e spec t ive ly , 676-6, 834-3, 
987-3, a n d 954. G. G. H e n d e r s o n a d d e d p o t a s s i u m chlor ide t o a cone . soln. of 
m o l y b d i c h y d r o x i d e in hyd roch lo r i c ac id , a n d s a t u r a t e d t h e l iqu id w i t h h y d r o g e n 
ch lor ide ; a n d h e also t r e a t e d a soln. of m o l y b d e n u m t r i ox ide in hyd roch lo r i c ac id 
w i t h p o t a s s i u m a m a l g a m . T h e d a r k green , r h o m b i c p r i s m s a r e s t a b l e in a i r ; a n d 
w h e n i t is t r e a t e d in hydroch lo r i c ac id soln. w i t h p o t a s s i u m a m a l g a m , 
K 3 M o O C l 6 . 2 H 2 0 is fo rmed. I . Nordensk jo ld p r e p a r e d rub id ium m o l y b d e n y l 
pentachlor ide , Rb 2 MoOCl 5 , in a s imi lar m a n n e r , a n d o b t a i n e d green , r h o m b i c 
o c t a h e d r a l c rys t a l s , wh ich a re less soluble t h a n t h e p o t a s s i u m sa l t . Th i s s a l t w a s 
a lso p r e p a r e d b y F . F o r s t e r a n d E . F r i c k e , a n d b y R . G. J a m e s a n d W . W a r d l a w 
a s i n d i c a t e d a b o v e . T h e lower ing of t h e f.p. of aq . soln. agrees w i t h a n a p p a r e n t 
m o l . w t . of a b o u t 36 w h e n t h e t h e o r e t i c a l v a l u e for K b 2 M o O C l 3 is 460-3. T h e 
e lec t r ica l conduc t iv i t i e s of soln. w i t h a m o l of t h e sa l t in 51-14, 409-1 , 818-2 a n d 
1636-4 l i t r e s of w a t e r a r e , r e spec t ive ly , 688, 849, 910, a n d 9 7 3 . I . N o r d e n s k j o l d 
p r e p a r e d spa r ing ly soluble caes ium m o l y b d e n y l pentachloride , Cs 2MoOCl 5 , wh ich 
fo rms ye l lowish-green , r h o m b i c , o c t a h e d r a l , spar ing ly-so lub le c ry s t a l s . T h e sa l t s 
H 2 M o O C l 5 , genera l ly crys ta l l ize in t h e r h o m b i c s y s t e m , a n d r a n g e in co lour f rom 
d a r k g r een t h r o u g h s h a d e s of e m e r a l d - g r e e n t o yel lowish-green. T h e p y r i d i n e s a l t 
e x h i b i t s a s t r o n g p leochro i sm a n d h a s a v e r y h i g h doub l e re f rac t ion . W h e n e x p o s e d 
t o a m o i s t a t m . , t h e s e s a l t s m o r e or less r a p i d l y t u r n r e d d i s h - b r o w n , i n w h i c h con­
d i t i o n t h e y a r e v e r y suscep t ib le t o ae r i a l ox ida t i on , m o l y b d e n u m b lue be ing 
fo rmed . T h e p y r i d i n i u m a n d t h e d i t r i m e t h y l a m m o n i u m sa l t s g ive a b r i g h t 
c o p p e r - r e d s u b s t a n c e a t one s t age of t h e s e c h a n g e s . T h e p o t a s s i u m a n d t h e s u b -
s t i t u t e d - a m m o n i u m sa l t s a r e t h e m o s t sens i t ive , a n d t h e q u i n o l i n i u m t h e l e a s t 
sens i t ive , t o t h e a c t i o n of m o i s t a i r . Al l t h e c o m p l e x sa l t s a r e so luble i n w a t e r , 
t h e c o n e . so ln . b e i n g r e d d i s h - b r o w n , p a s s i n g t h r o u g h o r a n g e t o b r i g h t ye l low o n 
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d i lu t i on . O n s a t . w i t h h y d r o g e n chlor ide , t he se a q . soln. finally t u r n emera ld -g reen 
a n d f rom sufficiently cone . soln . t h e c o m p l e x sa l t s s e p a r a t e . Alcohol dissolves 
a l l t h e s e g reen sa l t s , a n d f rom t h e soln. of t h e a lka l i c o m p l e x sa l t s , a lka l i chlor ides 
s e p a r a t e on h e a t i n g . T h e p y r i d i n i u m s a l t u n d e r t he se c o n d i t i o n s y ie lds a r e d 
p r e c i p i t a t e , wh ich will b e re fer red t o in de t a i l l a te r . T h e a d d i t i o n of p y r i d i n e or 
qu ino l ine t o a q . soln. of a n y of t h e c o m p l e x sa l t s g ives a b r o w n , insoluble p r e c i p i t a t e . 

R . Gr. J a m e s a n d W . W^ardlaw p r e p a r e d trinftef.hyla.TnTnH'nii'iTri m o l y b d e n y l 
tetrachloride, R [ M o O C l 4 ( H 2 O ) ] , as follows : 75 c.c. of t h e soln. of m o l y b d e n u m 
px ide , i n d i c a t e d a b o v e , were e lec t ro ly t ica l ly r e d u c e d t o t h e q u i n q u e v a l e n t s t age , 
a n d were c o n c e n t r a t e d on a w a t e r - b a t h u n d e r d imin i shed press , t o 2O-25 c.c. T h i r t y 
c.c. of a soln. of 11 g r m s . of t r i m e t h y l a m i n e h y d r o c h l o r i d e were n o w a d m i t t e d b y 
re leas ing t h e v a c u u m , a n d t h e m i x t u r e w a s h e a t e d t o boi l ing u n d e r d imin i shed 
p res s . T h e soln. w a s t h e n s a t . w i t h h y d r o g e n ch lor ide whi le i t was be ing cooled, 
t ina l ly in a f r eez ing -mix tu re , a n d t h e e m e r a l d - g r e e n c rys t a l s t h u s o b t a i n e d were 
fi l tered, w a s h e d w i t h cone , hyd roch lo r i c ac id , a n d d r i ed in a v a c u u m over solid 
p o t a s s i u m h y d r o x i d e a n d p h o s p h o r i c ox ide . T h e mol . w t . b y t h e cryoscopic process 
is a b o u t 47, w h e n t h e mo l . w t . of ( C H g ) 3 H N M o O C l 4 H 2 O is 331-8. T h e mol . con­
d u c t i v i t y , /Lt, of a soln. in v l i t res of w a t e r is : 

x> . . 3 5 - 6 7 1 - 2 1 4 2 - 4 2 8 4 - 8 5 6 9 0 1 1 3 9 - 2 2 2 7 8 - 4 4 5 5 6 - 8 
/x . . 5 8 0 6 1 4 6 5 7 7 0 6 7 7 3 8 5 2 8 4 9 8 7 4 

T h e c a l c u l a t e d v a l u e for /Xoo a t 0° is n e a r l y 880, on t h e s c h e m e of ion iza t ion a n d 
hyd ro ly s i s i n d i c a t e d a b o v e , w h e n t h e r e a r e 8 ions p r o d u c e d p e r mo l . 

Accord ing t o J . S a n d a n d O. K . B u r g e r , w h e n g reen pyridine molybdeny l 
pentachlor ide is boi led w i t h a lcohol a n d cooled t h e r e s e p a r a t e o u t copper - red 
c r y s t a l s of p y r i d i n i u m m o l y b d e n y l d ich lor ide , C 5 H 6 N . M o 0 2 C l 2 . 2 H 2 0 . T h e sa l t w a s 
a lso p r e p a r e d b y R . Gr. J a m e s a n d W . W a r d l a w . T h e mo l . w t . b y cryoscopic 
m e t h o d s r a n g e s f rom 61-6 t o 86-06 w h e n t h e v a l u e for C 6 H 6 N - M oO 2 Cl 2 ( H 2 O) is 
296-9. T h e mo l . c o n d u c t i v i t y , /x, a t 0° , of a soln. of a m o l of t h e s a l t in v l i t res is : 

v . . 2 0 - 5 6 4 1 1 2 1 6 4 - 5 3 2 9 1 3 1 6 
/Lt . . 1 8 5 2 1 0 - 6 2 7 5 1 3 1 2 - 0 3 3 G O 

These r e su l t s a r e e x p l a i n e d b y t h e a s s u m p t i o n t h a t in aq . soln. t h e p y r i d i n i u m 
s a l t u n d e r g o e s i on i za t ion a n d h y d r o l y s i s in a c c o r d a n c e w i t h t h e scheme : 
M o 0 2 C l 2 , 2 H 2 0 + C 5 H 6 N + H 2 O ^ C 5 H 6 N C l + MoO 2 Cl + 2H*,0 ^ C 5 H 6 N" + Cl' 
-+-MoO2CLSH2O ; M o O 2 C L S H 2 O + H 2 O ^ M o 0 2 ( O H ) , 3 H 2 0 + H + C T . I i . G. J a m e s 
and W. Wardlaw prepared molybdenum tetroxyriydroxychloride, Mo2O4(OH)Cl. 
4 H 2 O — m o l . w t . 380-5—as follows : T h e r e d d i s h - b r o w n soln. of q u i n q u e v a l e n t 
m o l y b d e n u m , o b t a i n e d b y t h e e l ec t ro ly t i c r e d u c t i o n of 150 c.c. of m o l y b d i c ac id 
soln . , w a s cone , on a w a t e r - b a t h u n d e r d i m i n i s h e d p ress , u n t i l a d a r k , v iscous m a s s 
w a s o b t a i n e d . P u r e , d r y a c e t o n e w a s a d m i t t e d in smal l p o r t i o n s w i t h f r e q u e n t 
s h a k i n g a n d w a r m i n g , u n t i l t h e m a s s j u s t d issolved, g iv ing a d e e p b r o w n soln. 
T h i s w a s p o u r e d w i t h c o n s t a n t s t i r r ing i n t o a l a rge v o l u m e of d r y e t h e r a n d a 
b u l k y r e d d i s h - b r o w n p r e c i p i t a t e s e p a r a t e d , wh ich w a s w a s h e d w i t h d r y e t h e r a n d 
k e p t ove r sol id p o t a s s i u m h y d r o x i d e in v a c u o . This s a l t is a r e d d i s h - b r o w n powder , 
r ead i ly so luble in w a t e r a n d in a lcohol , g iv ing d e e p r e d d i s h - b r o w n soln. wh ich on 
d i l u t i o n b e c o m e b r i g h t ye l low. T h e a q . soln . is ac id t o l i t m u s a n d reduces soln. 
of s i lver sa l t s . T h e b r o w n a q . o r a lcohol ic soln. of t h e c o m p o u n d t u r n emera ld -
g r e e n o n s a t u r a t i o n w i t h h y d r o g e n chlor ide , a n d c o m p l e x sa l t s of t h e t y p e 
R 2 M o O C l 6 m a y b e i so l a t ed f rom t h e m . O n h e a t i n g , t h e ch lor ide decomposes wi th 
e v o l u t i o n of h y d r o g e n ch lo r ide . T h e m o l . w t . b y t h e c ryoscopic process is 157*9 t o 
205*7. These r e s u l t s i n d i c a t e t h a t t w o ions a r e p r e s e n t in t h e m o r e cone. soln. 
a n d t h r e e i nd iv idua l s i n t h e m o r e di l . Th i s is sa t i s fac tor i ly e x p l a i n e d by t h e p ro ­
gress ive hydro lys i s M O 2 O 4 ( O H ) C I H - H 2 O ^ M O 2 O 4 ( O H ) 5 H 2 O + C l ^ M o 2 O 4 ( O H ) 9 H 2 O " 
+ C l ' or M o 2 0 4 ( O H ) C l + H 2 O ^ M o 2 0 4 ( O H ) 2 + H - - h C r . 

H . R o s e , 3 a n d J . J . Berze l ius p r e p a r e d m o l y b d e n u m dioxydichloride, MoO 2 Cl 2 , 



632 INORGANIC AND T H E O R E T I C A L CHEMISTRY 

as a s u b l i m a t e b y t h e a c t i o n of d r y ch lor ine on h e a t e d m o l y b d e n u m d iox ide ; a n d 
a lso b y h e a t i n g a m i x t u r e of m o l y b d e n u m t r iox ide , p o t a s s i u m h y d r o s u l p h a t e , a n d 
s o d i u m chlor ide ; W . P i i t t b a c h , a n d O. RufE a n d F . E i sne r , b y pa s s ing ch lor ine ove r 
a h e a t e d m i x t u r e of m o l y b d e n u m t r i ox ide a n d c a r b o n ; a n d C. W . B l o m s t r a n d , b y 
t h e a c t i o n of o x y g e n o n m o l y b d e n u m chlor ide or oxych lor ide , or b y expos ing t h e 
s u b s t a n c e s t o m o i s t a i r i n t h e cold . Accord ing t o C. W . B l o m s t r a n d , t h e yel lowish-
whi t e , scaly c rys t a l s i n t h e p resence of some of t h e o t h e r oxych lo r ides m a y p r o d u c e 
a r e d co lora t ion . T h e c r y s t a l s h a v e a b i t t e r , a n d acidic t a s t e . T h e sa l t vola t i l izes 
w i t h o u t me l t ing , b u t i t c a n b e m e l t e d in a sealed t u b e . I t is h y d r o l y z e d b y w a t e r , 
MoO 2 Cl 2 - I -H 2 O = M o 0 3 + 2 H C l . A. W . Cronande r o b s e r v e d t h a t w i t h p h o s p h o r u s 
p e n t a c h l o r i d e , molybdenum diphosphotetradecackloride, MoCl 4 .2PCl 5 , is fo rmed . T h e 
sa l t is soluble in w a t e r , a lcohol , a n d e the r . W . H a m p e sa id t h a t t h e soln. i n a lcohol 
is a n e lect r ica l c o n d u c t o r , b u t t h e soln. in e t h e r is a n o n - c o n d u c t o r unless a t r a c e 
of w a t e r be p r e s e n t . H y d r o g e n r educes t h e sa l t t o m o l y b d e n u m d iox ide . E . W e i n -
l a n d a n d W . K n o l l o b t a i n e d six-sided p l a t e s of a m m o n i u m m o l y b d e n u m d i o x y -
tetrachloride, 2 N H 4 C l . M o 0 2 C l 2 . 2 H 2 0 , or M o ( O N H 4 ) 2 C l 4 . 2 H 2 0 , or ( N H 4 ) 2 [ M o 0 2 C l 4 ] . 
2 H 2 O , f rom a soln. of m o l y b d e n u m t r i ox ide in cone , hyd roch lo r i c ac id , s a t u r a t e d 
w i t h a m m o n i u m chlor ide ; greenish-yel low, s ix-s ided p l a t e s of p o t a s s i u m m o l y b ­
d e n u m dioxytetrachloride, K 2 [MoO 2 Cl 4 ] . 2H 2 O, were o b t a i n e d in a s imi lar w a y 
from soln. w i t h M o O 3 : KCl = I : 1 ; l ikewise w i t h s ix-s ided p l a t e s of rub id ium 
m o l y b d e n u m dioxytetrachloride, Rb 2 [MoO 2 Cl 4 ] , a n d yel lowish-green, hygroscop ic 
c ry s t a l s of caes ium m o l y b d e n u m dioxytetrachloride , Cs 2 [MoO 2 Cl 4 ] . T h e sa l t s 
a r e h y d r o l y z e d b y w a t e r . T h e m o t h e r - l i q u o r o b t a i n e d in p r e p a r i n g t h e p o t a s s i u m 
sa l t also furnishes s ix-sided p l a t e s of p o t a s s i u m m o l y b d e n u m dioxytr ichloride , 
K [ M o O 2 C l 3 ( H 2 O ) ] , or MoCl 3 (OK) . (OH) 2 , a n d t h e s a m e sa l t is depos i t ed b y soln. 
with MoO3 : K C l = 3 : 1 ; and similarly with rubidium molybdenum dioxytri­
chloride, Kb[MoO2Cl3(H2O)], and caesium molybdenum dioxytrichloride, 
Cs[MoO 2 Cl 3 (H 2 O)] . T h e m o t h e r - l i q u o r e m p l o y e d in t h e p r e p a r a t i o n of t h e 
p o t a s s i u m sa l t furnishes aggrega te s of p r i sms of p o t a s s i u m t r i m o l y b d e n u m 
dioxyheptachlor ide , KCl .3MoO 2 Cl 2 , or K [ M o 3 O 6 C l 7 ] . 3 H 2 O ; a n d s imi la r ly w i t h 
caesium trimolybdenum dioxyheptachloride, CsC1.3Mo02Cl2 . l lH20, which is also 
o b t a i n e d f rom a hydroch lor ic ac id soln. w i t h M o O 3 : C s C l = S t o 12 : 1. T h e 
p r i s m a t i c c ry s t a l s a re v e r y hygroscop ic . T h e c o n s t i t u t i o n of t h e s e sa l t s c a n b e 
r e p r e s e n t e d b y : 

O O O 
Mo.O.Mo.O.Mo.OK 

W . P i i t tbach 4 reported molybdenum oxytetrachloride, MoOCI4, t o be formed b y t h e 
ac t ion of m o l y b d e n u m pentachloride on m o l y b d e n u m dichloride ; a n d b y t h e ac t ion of 
chlorine on a mixture of m o l y b d e n u m a n d i t s dioxide. The green, crystal l ine sub l imate i s 
hygroscopic , and o n exposure t o air acquires a red film. This c o m p o u n d w a s represented b y 
C. W . B lomstrand b y t h e formula Mo 9O 8Cl 2 . P . K l a s o n regarded i t as conta in ing 
M O O C I 8 ; b u t I . Nordenskjold showed t h a t i t is probably a m i x t u r e of m o l y b d e n u m 
pentachlor ide and m o l y b d e n u m dichloride. 

C. W . B l o m s t r a n d observed t h a t in the preparat ion of m o l y b d e n y l trichloride, a m u c h 
less vo lat i le molybdenum trioxyhexachloride, Mo2O3Cl1,, is formed ; a n d W . P i i t t b a c h 
obta ined the s a m e product b y repeatedly subl iming m o l y b d e n y l tetrachloride i n a current 
of carbon dioxide . The deep vio let , or ruby-red crystals are s table in dry air, b u t t h e y 
gradual ly decompose i n m o i s t air. T h e salt is hydro lyzed b y water . W . H a m p e found 
t h a t i t forms a ye l low, non-conduct ing soln . w i t h ether. W h e n t h e v io le t sa l t i s h e a t e d 
i n a current of carbon dioxide , C. W . B lomstrand , a n d W . P i i t tbach found t h a t molybdenum 
perUoacyoctochloride, Mo3O6Cl8 , is formed i n radiat ing masses of red needles w h i c h are 
s tab le i n air ; t h e y are insoluble in hydrochloric acid, a n d in cold sulphuric ac id ; a n d 
s o l u b l e i n h o t sulphuric acid, in nitric acid, and i n a q . ammonia . 

S o m e intermediate oxychlorides h a v e been reported. Thus , "W. P i i t t b a c h h e a t e d 
m o l y b d e n y l tetrachloride i n a current of hydrogen , a n d obta ined molybdenum trioxyhepta-
chloride, 'Mo8O8Cl7, a s t h e chief product a long "with s o m e m o l y b d e n u m , a n d m o l y b d e n u m 
dichloride. T h e dark v io le t , acicular crystals are treated w i t h water t o d e c o m p o s e t h e 
u n c h a n g e d m o l y b d e n y l chloride. T h e brown, acicular crystals volat i l ize -without me l t ing . 
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a n d a r e s l i gh t ly so lub le i n h y d r o c h l o r i c ac id ; a n d fo rm a colour less so ln . w i t h n i t r i c ac id , 
o r a lka l i - lye . W . P u t t b a c h a l so s a id t h a t molybdenum trioacy tetrachloride, Mo a O a Cl 4 , i s 
o b t a i n e d a s a n eas i ly vo la t i l i zed s u b l i m a t e in t h e p r e p a r a t i o n of m o l y b d e n u m t e t r a c h l o r i d e . 
C. W . B l o m s t r a n d p r e p a r e d m o l y b d e n u m t r i o x y p e n t a c h l o r i d e , Mo 2 O 3 Cl 5 , b y h e a t i n g 
m o l y b d e n u m herni t r i o x i d e i n d r y ch lo r ine , a n d s u b l i m i n g t h e p r o d u c t i n h y d r o g e n . T h e 
b r o w n o r b r o w n i s h - b l a c k p r o d u c t eas i ly m e l t s , a n d i t s u b l i m e s s lowly g i v i n g d a r k r edd i sh -
b r o w n v a p o u r s . I t de l iquesces in m o i s t a i r f o r m i n g a b l u e l iqu id . I t is eas i ly so luble in 
w a t e r — t h e so ln . b e c o m e s g reen , a n d t h e n b l u e . W i t h a n excess of w a t e r , a b l u e p r e c i p i t a t e 
is f o r m e d . 

H . D e b r & y 5 p r e p a r e d molybdenum trioxybishydrochloride, o r m o l y b d e n y l 
dihydroxydichloride, or molybdenum oxydihydroxydichloride, MoO3.2HCl, or 
MoO(OH) 2 Cl 2 , or, accord ing t o A. W e r n e r , H 2 [MoO 3 Cl 2 ] , b y pass ing h y d r o g e n chlor ide 
ove r m o l y b d e n u m t r i ox ide a t 150° . to 200°. I t col lects as a s u b l i m a t e b e y o n d t h e 
h e a t e d zone . E . P e c h a r d , a n d E . F . S m i t h a n d V. Oberho l t ze r o b t a i n e d i t b y h e a t i n g 
a non-vo la t i l e m o l y b d a t e t o 360° -400° in a c u r r e n t of h y d r o g e n chlor ide . Accord ing 
t o H . D e b r a y , t h e c o m p o u n d fo rms w h i t e , o r if s lowly cooled, yel lowish needles wh ich 
a r e v e r y eas i ly vo la t i l i zed in a c u r r e n t of h y d r o g e n chlor ide , b u t a re decomposed 
w h e n h e a t e d in air . Th i s vo l a t i l i t y enab le s m o l y b d e n u m t o be s e p a r a t e d f rom 
silica, t u n g s t e n t r iox ide , a n d o t h e r s u b s t a n c e s w h i c h d o n o t form chlor ides volat i l iz-
ab l e a t a b o u t 400°. A. V a n d e n b e r g h e ' s o b s e r v a t i o n s o n t h e v a p . d e n s i t y show t h a t 
t h e c o m p o u n d is s o m e w h a t d i s soc ia ted a t 160°. H . D e b r a y sa id t h a t t h e sa l t is 
eas i ly soluble in w a t e r , a n d w h e n t h e a q . soln. is e v a p o r a t e d , i t depos i t s m o l y b d e n u m 
t r i o x i d e . E . P e c h a r d f o u n d t h a t t h e sa l t is r e a d i l y soluble in e the r , so t h a t i t c an 
be e x t r a c t e d b y e t h e r f rom a cone , hyd roch lo r i c ac id soln. of a m o l y b d a t e , a n d t h e 
e t h e r e a l soln. depos i t s c r y s t a l s of a n e t h e r e a l c o m p l e x ; t h e sa l t is also soluble in 
a lcohols , a ce tone , e the r , a n d glacial ace t ic ac id . B . Ka l i sche r obse rved some 
r e d u c t i o n a c c o m p a n i e d b y t h e smell of a l d e h y d e w i t h t h e alcoholic soln. 
A. V a n d e n b e r g h e f o u n d f rom t h e effect of t h e sa l t on t h e f.p. of glacial acet ic ac id 
t h a t t h e mol . w t . is 114-4: t o 123-0 ; ace t i c acid , 156-0 t o 314-1 ; a n d wa te r , 38-4 t o 
57-8 ; whi le i t s effect on t h e b . p . of e t h y l e t h e r agrees w i t h t h e mol . w t . 208-6 t o 
2 2 9 0 ; a ce tone , 220-8 t o 236*1 ; m e t h y l a lcohol , 101*3 t o 121-6 ; a n d e t h y l alcohol , 
160-0 t o 181-8. T h e d a t a w i t h e t h e r a n d a c e t o n e a re in a g r e e m e n t w i t h t h e n o r m a l 
mo l . w t . ; "with a lcohol , t h e sa l t is d i ssoc ia ted , a n d m o r e so w i t h m e t h y l t h a n 
w i t h e t h y l a lcohol ; w i t h w a t e r , t h e d e c o m p o s i t i o n is g r e a t . 

E . W e i n l a n d a n d W . K n o l l f ound t h a t w h e n m o l y b d e n y l d i h y d r o x y d i c h l o r i d e is 
m a d e i n t o a m u s h w i t h fuming h y d r o c h l o r i c ac id , a n d t h e m i x t u r e w a r m e d , t h e 
mass solidifies to form crystalline molybdenum oxyhydroxytrichloride, or 
molybdenyl hydroxytrichloride, MoO(OH)Cl3 .7H20, or 

H g ^ > M o = C l 3 . 7 H 2 0 

T h e s a l t is a lso f o r m e d b y s a t u r a t i n g w i t h h y d r o g e n chlor ide a soln. of m o l y b d e n y l 
d i h y d r o x y d i c h l o r i d e in fuming hydroch lo r i c acid, a n d e v a p o r a t i n g t h e l iquid ove r 
s u l p h u r i c ac id ; a n d t h e sa l t h a s been f o u n d t o s e p a r a t e f rom soln. c o n t a i n i n g 
m a g n e s i u m or ca l c ium m o l y b d a t e s . T h e pa le g reen p r i sms or p l a t e s a r e v e r y 
hygroscop ic , a n d effloresce ove r su lphu r i c ac id losing a t t h e s a m e t i m e some h y d r o g e n 
ch lo r ide . T h e sa l t d issolves i n w a t e r w i t h o u t depos i t ing m o l y b d i c ac id . 

C. W . B l o m s t r a n d o b t a i n e d m o l y b d e n u m dihydroxytetrachloride, Mo 3 (OH) 2 . 
0 4 . 2 H 2 0 , b y a d d i n g ace t i c ac id t o a n a lka l ine soln. of m o l y b d o u s chlor ide . The 
dihydrate is a pa le yel low, a m o r p h o u s sa l t insoluble in w a t e r , or a l c o h o l ; i t is freely 
so luble in s t r o n g ac ids if i t i s freshly p r e c i p i t a t e d a n d w a s h e d w i t h cold w a t e r ; 
if w a s h e d w i t h h o t w a t e r , i t is less soluble in ac ids . If t h e soln. in su lphur ic or 
n i t r i c ac id is w a s h e d w i t h w a t e r , i t is p r e c i p i t a t e d a s a c o m p a c t , yel low p o w d e r 
w h i c h is n o t so luble in ac ids—cone , su lphur i c ac id or fuming n i t r ic acid . 
C. W . B l o m s t r a n d o b t a i n e d p a l e yel low c rys t a l s of t h e octohydrcUe b y p rec ip i t a t ion 
f rom a n a lka l ine soln. of m o l y b d o u s ac id b y c a r b o n d ioxide . W . M u t h m a n n a n d 
W . Nage l o b t a i n e d i t a t t h e c a t h o d e b y t h e e lect rolysis of a soln. of m o l y b d o u s 
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chlor ide in 96 pe r cen t , a lcohol . K . L i n d n e r a n d co-workers found t h a t a t 35° i t c a n 
be r ep re sen t ed b y [ M o 3 C l 4 ( H 2 0 ) 2 ] ( O H ) 2 . H 2 0 ; a t 67°-100° , b y [Mo 3 Cl 4 (H 2 O) 2 ] (OH) 2 ; 
a n d a t 200°-300° , i t fo rms m o l y b d e n u m oxytetrachloride , [Mo 3 Cl 4 (H 2 O) 2 ]O. T h e y 
also p r e p a r e d a c o m p l e x a c e t a t e , [ M o 3 C l 4 ( H 2 0 ) 2 ] ( C 2 H 8 0 2 ) 2 . 

P . Did ie r 6 d id n o t succeed in p r e p a r i n g ch loromolybdates a n a l o g o u s t o t h e 
ch lo ro tungs t a t e s . 
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§ 21 . Molybdenum Bromides and Oxybromides 
C. W. Blomst rand 1 obtained molybdenum dibromide, or molybdous bromide, 

MoBr 2 , or (MoBr2J3 , b y h e a t i n g t h e t r i b r o m i d e t o r edness . If m o l y b d e n u m is 
h e a t e d in t h e v a p o u r of b romine , m o l y b d o u s b r o m i d e will be found a s a non-vo la t i l e 
res idue in t h e p a r t sub j ec t ed t o t h e s t r onges t h e a t . I t is purif ied b y e l u t r i a t i o n 
w i t h w a t e r so a s t o l eave t h e u n c h a n g e d m o l y b d e n u m b e h i n d . A . A t t e r b e r g 
o b t a i n e d i t b y a s imilar p r o c e s s ; a n d K . L i n d n e r a n d H . He lwig , b y pas s ing n i t r o g e n 
a n d b r o m i n e v a p o u r ove r p o w d e r e d m o l y b d e n u m a t 600° t o 700°. T h e yel lowish-
r e d p r o d u c t is infusible. I t is inso luble i n w a t e r a n d ac ids , a n d even i n boi l ing 
n i t r i c ac id . W . M u t h m a n n a n d W . N a g e l r e p r e s e n t t h e b r o m i d e b y t h e fo rmula 
[Mo 3 Br 4 ]Br 2 . M o l y b d o u s b r o m i d e is comple t e ly d e c o m p o s e d b y a lkal i - lye w i t h t h e 
s e p a r a t i o n of b l ack h y d r a t e d m o l y b d i c ox ide , whi le i t is freely soluble in di l . a lkal i - lye 
fo rming a yel low l iqu id con t a in ing a lka l i b r o m i d e a n d M o 3 ( O H ) 2 B r 4 ; ac ids prec ip i ­
t a t e f rom t h i s soln. va r ious complexes [Mo 8 Br 4 ]X 2 -WH 2 O, w h e r e X 2 d e n o t e s F 2 , 
Cl2 , 3 r 2 , I 2 , SO 4 , (NO 3J 2 , ( H 2 P 0 4 ) 2 , CrO 4 , MoO 4 , C 2O 4 , e t c . If h y d r o b r o m i c ac id b e 
a d d e d t o Mo 3 (OH) 2 Br 4 , o r t o M o 3 B r 4 I 2 , t h e t r i h y d r a t e , [ M o 3 B r 4 ] B r 2 . 3 H 2 O , is fo rmed . 
K . I i i n d n e r d iscussed t h e c o n s t i t u t i o n of t h e s e c o m p o u n d s . W . !Lederer o b t a i n e d a 
ye l lowish-whi te c o m p o u n d b y t h e a c t i o n of b r o m i n e or b r o m i n e w a t e r o n m o l y b ­
d e n u m . F . W . B e r g s t r o m s t u d i e d t h e a c t i o n of l iqu id a m m o n i a a n d o b t a i n e d a n 
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ammoi i iobas ic ha l ide . K . L i n d n e r a n d H . He lwig p r e p a r e d mo lybdous a m m i n o -
bromide, M o 3 B r 6 ( N H g ) 2 ^ 2 H 6 O H , as well as a complex wi th pyr id ine , M o 3 B r 6 - C 5 H 5 N . 
T h e ac t ion of alcoholic ha logen acids furnishes t h e pyr id ine sa l t of b y d r o b r o m o -
molybdous acids , C 5 H 5 N 1 H M o 3 B r 7 ; ( C 5 H 5 N ) 5 H 5 M o 6 B r 1 7 . 2 C 2 H 5 O H ; a n d also 
sa l t s of m i x e d h y d r o b r o m o c h l o r o m o l y b d o u s acids . 

C. W. Blomstrand 2 prepared molybdenum tribromide, or molybdic bromide, 
MoBr 3 , b y pass ing t h e v a p o u r of b r o m i n e over m o l y b d e n u m or a m i x t u r e of m o l y b ­
d e n u m d iox ide a n d c a r b o n h e a t e d b y a n a lcohol l a m p ; a n d A. !Rosenheim a n d 
H . J . B r a u n o b t a i n e d i t b y pas s ing d r y c a r b o n d iox ide m i x e d w i t h t h e v a p o u r of 
d r y b r o m i n e ove r w a r m m o l y b d e n u m , a n d a s a b rownish - red soln. b y t h e e lectro­
ly t i c r e d u c t i o n of a soln. of 37 g r m s . of h y d r a t e d m o l y b d i c ac id in 240 c.c. of cone . 
h y d r o b r o m i c ac id b y a c u r r e n t of 0-6 t o 0-8 a m p . T h e t r i b r o m i d e fo rms a d a r k 
g reen or b l ack m a s s of a c i cu l a r c rys ta l s . I t vola t i l izes w i t h difficulty, a n d when 
s t r o n g l y h e a t e d yie lds b r o m i n e a n d t h e d i b r o m i d e . I t is insoluble a n d n o t 
decomposed b y w a t e r ; a m m o n i a gas t r ans fo rmed i t a t a low t e m p , in to mo lyb ­
d e n u m ; boi l ing hydroch lo r ic acid, a n d cold di l . n i t r i c ac id do n o t a t t a c k i t 
pe rcep t ib ly ; di l . a lkal i - lye a c t s s lowly i n t h e cold, whi ls t t h e boil ing lye 
t r a n s f o r m s i t i n t o h y d r a t e d ox ide . F . W . B e r g s t r o m s t u d i e d t h e ac t ion of 
l iqu id a m m o n i a , a n d o b t a i n e d a d e e p r e d soln. a n d a n a m m o n i o b a s i c b romide . 
W h e n a soln. of t h e sa l t is t r e a t e d w i th a m m o n i u m b r o m i d e , a n d e v a p o r a t e d , 
A. R o s e n h e i m a n d H . J . B r a u n o b t a i n e d b l ack r h o m b i c c rys ta l s of a m m o n i u m 
molybdenum pentabromide, (NH 4) 2MoBr 5 .H 20. The salt is very soluble in 
w a t e r , fo rming a b lood- red soln. F . F o r s t e r a n d E . F r i c k e r ep resen ted i t b y 
( N H 4 ) 2 [ M o B r 5 ( H 2 0 ) J . W . W a r d l a w a n d A. J . I . H a r d i n g p r e p a r e d po tass ium 
m o l y b d e n u m pentabromide , K 2 M o B r 5 , b y a d d i n g 20 c.c. of a soln. of 1*5 g rms . of 
p o t a s s i u m b r o m i d e t o 100 c.c. of a soln. of t e r v a l e n t m o l y b d e n u m b romide , in a n 
air-free flask, a n d cone, a t 65°-70° u n d e r r educed press , un t i l nea r ly d ry . Alcohol 
w a s i n t roduced , a n d t h e c rys ta l l ine b r ick- red sa l t s e p a r a t e d ou t . B y a s imilar 
process an impure rubidium molybdenum pentabromide was obtained; and the 
doub le decompos i t ion of t h e p o t a s s i u m sa l t a n d caesium b r o m i d e furnishes caes ium 
molybdenum pentabromide, Cs2MoBr5.H2O. They also prej^ared potassium 
m o l y b d e n u m hexabromide , K 3 M o B r 6 , b y a d d i n g 10 g rms . of p o t a s s i u m b romide , in a 
s a t . a q . soln. , t o 200 c.c. of a soln. of t e r v a l e n t m o l y b d e n u m b r o m i d e , a n d concen t r a t ­
ing a t 65° -70° u n d e r d imin i shed press , t o a b o u t 100 c.c. Air-free alcohol was t h e n 
a d m i t t e d t o t h e flask, a n d t h e excess of p o t a s s i u m b r o m i d e p rec ip i t a t ed . After 
f i l t ra t ion in a n a t m o s p h e r e of c a r b o n d ioxide , t h e f i l t rate was c o n c e n t r a t e d t o 40 c.c. 
On a d d i t i o n of abso lu t e alcohol a crys ta l l ine , l igh t red solid was ob t a ined which was 
fil tered off a n d dr ied . Ail t he se soluble complex sa l t s give deep red soln. w i t h wate r , 
in wh ich b o t h p o t a s s i u m sa l t s a r e v e r y soluble , t h e r u b i d i u m sa l t is spa r ing ly 
soluble , a n d t h e caesium c o m p o u n d insoluble . T h e aq . soln. g r adua l l y t u r n b rown, 
t h e n t u r b i d , a n d Anally yield a d a r k b r o w n p rec ip i t a t e . Th i s decompos i t ion is 
acce le ra t ed b y w a r m i n g . T h e sa l t s r educe copper s u l p h a t e soln. t o cup rous b r o m i d e , 
wh i l s t si lver n i t r a t e soln. is r e d u c e d t o t h e me ta l . 

C. W . B l o m s t r a n d o b t a i n e d a smal l y ie ld of m o l y b d e n u m tetrabromide, MoBr 4 , 
a s a p r o d u c t of t h e ac t i on of b r o m i n e on h e a t e d m o l y b d e n u m . Molybdeny l d ibro-
m i d e sub l imes first ; g reen m o l y b d e n u m t r i b r o m i d e a p p e a r s n e a r t h e h o t zone, a n d 
m o s t d i s t a n t from t h e h e a t e d m e t a l occur b l ack needles of t h e t e t r a b r o m i d e . The 
e x a c t cond i t ions h a v e n o t been es tabl i shed. T h e sa l t is fusible a n d vola t i le ; i t 
furnishes b rownish - red v a p o u r ; i t easi ly decomposes i n t o t h e t r i b r o m i d e a n d 
b r o m i n e ; i t del iquesces r a p i d l y in air t o a b lack l iqu id ; a n d i t gives wi th wa te r 
a ye l lowish-brown soln. f rom which alkalies p r ec ip i t a t e h y d r a t e d molybd ic oxide. 

C. W . B l o m s t r a n d 3 found t h a t a soln. of m o l y b d o u s b r o m i d e in alkali- lye is 
ffraduallv decomposed b y air con ta in ing c a r b o n d ioxide forming golden-yellow 
crystals of molybdenum dihydroxytetrabromide, Mo3Br4(OH)2 .8H20 ; the crystals 
of t h e octohydrate were also p r o d u c e d b y a d d i n g a m m o n i u m chloride t o a hot, a lkal ine 
soln . of m o l y b d o u s b r o m i d e ; a n d b y add ing ace t ic ac id t o a n alkal i soln. of mo iyb -
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d o u s b r o m i d e . Accord ing t o A. A t t e r b e r g , a n d C. W . B l o m s t r a n d , if t h e o c t o h y d r a t e 
b e d r i e d over su lphur i c ac id , i t g ives t h e d a r k r e d dihi/drate ; a n d if o n e of t h e 
h y d r a t e s be d r ied a t 100° or in v a c u o ove r s u l p h u r i c ac id , a r e d p o w d e r of 
t h e a n h y d r o u s sa l t is fo rmed . If i t h a s n o t b e e n h e a t e d ove r 90°, i t d issolves c o m ­
p le t e ly in alkal i - lye. T h e o c t o h y d r a t e fo rms a yel low, a m o r p h o u s p o w d e r w h i c h 
r a p i d l y loses w a t e r in air . If t h e h y d r a t e b e h e a t e d u n t i l a l l t h e w a t e r is expe l led , 
a n d t h e res idue t r e a t e d w i t h a lkal i - lye , a b l a c k p o w d e r — p o s s i b l y m o l y b d o u s o x i d e — 
r e m a i n s . H y d r o c h l o r i c ac id dissolves t h e p r o d u c t ; n i t r i c ac id a t t a c k s t h e sa l t ; 
a n d , accord ing t o W . M u t h m a n n a n d W . Nage l , i t is d e c o m p o s e d b y a lka l i h y d r o x i d e 
t o form h y d r a t e d m o l y b d i c ox ide . T h e a lka l ine soln. is p r e c i p i t a t e d b y ac ids t o 
form m i x e d sa l t s , [ M o 3 B r 4 ] X 2 . ^ H 2 O , a s i n d i c a t e d a b o v e . H y d r o g e n s u l p h i d e w a s 
found b y A. A t t e r b e r g t o p r e c i p i t a t e h y d r a t e d m o l y b d i c ox ide ; a n d A. A t t e r b e r g 
also s t u d i e d t h e ac t ion of p o t a s s i u m c y a n i d e . 

Accord ing t o A. A t t e r b e r g , a n a lka l ine soln. of m o l y b d e n u m d i h y d r o x y t e t r a -
b r o m i d e yields a d a r k reddish-ye l low p r e c i p i t a t e of m o l y b d e n y l bromide , 
M o O B r 5 J H 2 O , w h e n t r e a t e d w i t h a m m o n i u m m o l y b d a t e a n d ace t i c ac id ; t h e co lour 
becomes r edd i sh -b rown a t 100°. W . W a r d l a w a n d A. J . I . H a r d i n g p r e p a r e d t h e 
b r o m i d e b y p r ec ip i t a t i ng a cone . soln. of a t e r v a l e n t m o l y b d e n u m b r o m i d e i n 
a c e t o n e . 

25 grrris. of m o l y b d e n u m trioxido a n d 350 c.c. of t h e hydrobromic acid were h e a t e d 
under a reflux condenser for 3 to 6 Iiours, w h e n a go lden-brown l iquid w a s finally o b t a i n e d . 
T h e filtered soln. 7WaS elect roly zed in a d iaphragm cell w i t h s m o o t h p la t inum electrodes , a 
current of 3-5 amps , being used, unti l t h e c a t h o d e so ln . w a s reddish-brown. Th i s so ln . -was 
transferred to an air-free flask a n d cone , a t 70° under d imin ished press, t o 80—1OO c.c. T h e 
l iquid -was t h e n transferred to a small cell a n d re-electrolyzed t o ensure t h a t t h e m o l y b d e n u m 
w a s terva lent . The electrolysis w a s cont inued unt i l a sample of t h e l iquid a d d e d t o air-
free acetone g a v e a flocoulent fawn precipi tate of m o l y b d e n y l bromide . (If the e lectrolys is 
i s cont inued b e y o n d th i s s tage , t h e product i s hydro lyzed and is m u c h darker t h a n t h e 
true compound. ) The cathode soln. w a s n o w forced b y press , of carbon diox ide in to air-
free acetone , and the solid which separated w a s filtered off a n d w a s h e d -with ace tone . All 
these operat ions were performed in an a t m . of carbon d iox ide , air be ing rigidly exc luded . 
T h e sol id w a s transferred to a desiccator -which w a s t h e n e v a c u a t e d . 

T h e compos i t i on is M o O B r . 4 H 2 O . T h e d r i ed sol id is l i gh t f awn in co lour a n d 
does n o t de l iquesce in t h e air , a l t h o u g h i t g r a d u a l l y u n d e r g o e s a t m . o x i d a t i o n . I t is 
r e ad i l y soluble in w a t e r or h y d r o b r o m i c ac id , i t s so lub i l i ty in w a t e r b e i n g g r e a t e r 
t h a n t h a t of t h e oxych lor ide . I t is insoluble in a c e t o n e or d r y e the r , s l igh t ly so luble 
i n cold a b s o l u t e a lcohol a n d m o r e soluble on w a r m i n g . T h e s u b s t a n c e h a s p r o ­
n o u n c e d r e d u c i n g p rope r t i e s . Si lver n i t r a t e is r e d u c e d t o t h e m e t a l , wh i l s t w i t h l ead 
a c e t a t e acidified -with ace t ic ac id n o p r e c i p i t a t e of lead b r o m i d e is o b t a i n e d . Th i s 
t e s t s eems t o i n d i c a t e t h a t m o l y b d e n y l b r o m i d e is n o t a b i n a r y e lec t ro ly te . T h e 
mo l . w t s . d e t e r m i n e d b y t h e depress ions of t h e f .p . of soln. of 0-1235, a n d 0-0640 g r m . 
in 10 g r m s . of air-free w a t e r a r e , r espec t ive ly , 218-8 a n d 218-2. T h i s ag rees 
w i t h t h e a s s u m p t i o n t h a t t h e sa l t is a co -o rd ina t ion c o m p o u n d [ M o O B r . 4 H 2 O ] , 
w h i c h unde rgoes g r a d u a l hyd ro ly s i s , [ M o O B r , 4 H 2 0 ] + H 2 0 = [ M o 0 . 5 H 2 0 ] B r 
= [ M o 0 . 5 H 2 0 ] ' - f - B r \ Th i s v i ew receives s u p p o r t f rom t h e fac t t h a t t h e m o l . w t s . 
d e t e r m i n e d w i t h soln. of t h e solid, a f t e r s t a n d i n g s o m e h o u r s i n ice-cold w a t e r , w e r e 
cons ide rab ly less t h a n t h o s e q u o t e d a b o v e , whi l s t af ter longer pe r iods t h e h y d r o x i d e 
of m o l y b d e n u m g r a d u a l l y s e p a r a t e d . T h e mol . c o n d u c t i v i t y of soln . of a m o l of 
t h e sa l t in 24 l i t res of w a t e r a t 1°, c h a n g e s f rom 66-8 in 2 m i n . t o 78-2 i n 9 m i n . 
T h e r a t e of hyd ro lys i s is fas te r in m o r e di l . soln . 

E . W e i n l a n d a n d W . K n o l l f o u n d t h a t w h e n t h e p r o d u c t of t h e a c t i o n of h y d r o g e n 
b r o m i d e on h e a t e d m o l y b d e n u m t r i o x i d e , is d issolved in w a r m , 40 p e r cen t , h y d r o ­
b r o m i c ac id u n t i l b r o m i n e is n o longer evo lved , a n d t h e soln . c ry s t a l l i z ed o v e r 
s u l p h u r i c ac id , g r een hygroscop ic need les of m o l y b d e n u m hydroxyte trabromide , 
M o ( O H ) B r 4 . 2 H 2 0 , a r e fo rmed . T h e y a r e r a p i d l y d e c o m p o s e d i n h u m i d a i r . If t h e 
soln . u s e d in t h e p r e p a r a t i o n of t h i s s a l t b e a l lowed t o s t a n d o v e r soda - l ime 
a$ 30° , d a r k b r o w n , hygroscop ic p r i s m s of m o l y b d e n u m oxybydroxydibromide» o r 
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m o l y b d y l dibromide, M o O ( O H ) B r 2 - I J H 2 O , a r e formed . T h e a q . soln. is b r o w n , 
a n d a m m o n i a p r ec ip i t a t e s h y d r a t e d m o l y b d e n u m p e n t o x i d e . 

T h e mo lybdeny l tr ibromide, MoOBr 3 , h a s n o t been i so la ted . A . Chi lesot t i 
o b s e r v e d t h a t b y t h e e lec t ro ly t ic r e d u c t i o n of m o l y b d e n u m t r i ox ide in h y d r o c h l o r i c 
or su lphu r i c ac id soln. of su i t ab le c o n c e n t r a t i o n , a soln. of q u i n q u e v a l e n t m o l y b ­
d e n u m is fo rmed if a p l a t i n i zed p l a t i n u m c a t h o d e is employed , b u t w i t h a po l i shed 
p l a t i n u m c a t h o d e , a t e r v a l e n t s a l t is p r o d u c e d . T h e complex a m m o n i u m m o l y b ­
deny l pentabromide , or a m m o n i u m m o l y b d e n u m o x y p e n t a b r o m i d e , 2 N H 4 B r . 
MoOBr 3 , or M o O B r 3 ( N H 4 B r 2 ) ( O N H 4 ) , or (NH 4 J 2 [MoOBr 5 ] , was o b t a i n e d b y 
E . W e i n l a n d a n d W . K n o l l , f rom a h y d r o b r o m i c ac id soln. of t h e c o m p o n e n t s . I t 
forms r e d d i s h - b r o w n , o c t a h e d r a l c rys t a l s . F . G. Angel l , R . Gr. J a m e s a n d W . W a r d -
l aw p r e p a r e d t h e a m m o n i u m sa l t b y r e d u c i n g e lec t ro ly t ica l ly a soln. of m o l y b d e n u m 
t r i o x i d e in h y d r o b r o m i c ac id t o t h e q u i n q u e v a l e n t s t a t e , a n d t r ans fe r red t h e soln. 
in a c u r r e n t of n i t r o g e n t o a n air-free flask c o n t a i n i n g a soln. of a m m o n i u m b romide . 
T h e l i gh t b r o w n c r y s t a l s were w a s h e d w i t h h y d r o b r o m i c ac id of sp . gr . 1-7, d ra ined , 
a n d d r i ed in v a c u o ove r p o t a s s i u m h y d r o x i d e a n d p h o s p h o r u s p e n t o x i d e . T h e 
m o t h e r - l i q u o r furnishes o t h e r c rops w h e n c o n c e n t r a t e d a n d seeded w i t h c rys ta l s 
of t h e sa l t . Accord ing t o E . W e i n l a n d a n d W . Knol l , a n ana logous process 
furnishes b y us ing Mo : K in t h e p r o p o r t i o n s 2 : 1 , p o t a s s i u m molybdeny l 
pentabromide , K 2 M o O B r 5 , in b lack or d a r k r e d c rys t a l s ; s imi lar ly w i th 
rubid ium m o l y b d e n y l pentabromide , R b 2 M o O B r 5 , in d a r k r ed or green, r h o m b i c 
p y r a m i d s ; a n d CSesium m o l y b d e n y l pentabromide , Cs 2 MoOBr 5 , in ga rne t - r ed , 
o c t a h e d r a l c rys t a l s . F . G. Angel l a n d co-workers o b t a i n e d p o t a s s i u m m o l y b d e n u m 
o x y p e n t a b r o m i d e , K 2 [ M o O B r 5 ] . 2 H 2 O , in d a r k b r o w n needles ; r u b i d i u m m o l y b ­
d e n u m o x y p e n t a b r o m i d e , R b 2 [ M o O B r 5 ] , a s a yel low solid ; pyr id in ium m o l y b d e n u m 
o x y p e n t a b r o m i d e , ( C 5 H 6 N ) 2 [ M o O B r 5 ) , in yel lowish-green needles ; a n d Quinol inium 
molybdenum oxypentabromide, (C9H8K2[MoOBr5] , in golden-brown crystals. 
A. R o s e n h e i m a n d M. K o s s , a n d E . W e i n l a n d a n d W . Kno l l also p r e p a r e d t h e 
p y r i d i n e a n d qu ino l ine c o m p l e x sa l t s . T h e ca l cu la t ed moL wts . , a n d those cal­
c u l a t e d f rom t h e depress ion of t h e f.p. of t h e sa l t s , d issolved in air-free wa te r , a s 
well a s t h e osmot ic f ac to r iy a r e , i n a q . a n d alcoholic soln. , 

N H 4 - K 4 - K b - C5H6ISr- C9H8N-SaIt. 
/Calculated . 547*7 625-8 682-5 071-7 771-8 

Aq. Jv . . . 121-16-3 314-22-2 42-8 284-27-8 129-32 
Soln. 1 By lowering f.p. 51-5-60-1 61-9-68-3 71O 62-9-73-2 71-7-87-7 

W . . . 62-9-73-2 71-7-87-7 9-6 10-7-9-1 10-7-8-8 
A 1 [v . . . 29-4-19-5 — — 28-2-19*1 27-6-16-1 
« , < By lowering . 29-4-19-5 — 219-214 179-264 
b o l n ' | i . . . 3-84-4-12 307-314 431-2-92 

T h e mol . e lec t r ica l conduc t iv i t i e s , /x, of soln. w i t h v l i t res p e r rnol, were : 

/ X T t J , r__ ^ - (v . . 14-3 28-5 5 7 0 114-0 2 2 8 1 456-3 
(JN ±±4)2LJVloOJ3r5 ^ 5 6 1 0 5 9 8 - 8 613-O 055-O 6 8 9 - 3 757-O 
x- r™ r v » -i f v - - 1 9 * 7 31>"4 7 8 ' 9 157*8 3 1 5 - 5 631-O 
I v 2 L M o O B r 5 J \fjt m . 450-1 487-1 515-2 526-8 5661 g 660-4 

a n d s imi la r ly w i t h t h e p y r i d i n i u m a n d q u i n o l i n i u m sa l t s . T h e chlor ides a re green , 
a n d t h e b r o m i d e s b r o w n t o yel low w h e n d r y , b u t in a q . soln. t hese sa l t s a re 
ex t ens ive ly h y d r o l y z e d a n d ionized. B y t r e a t m e n t w i t h t h i o c y a n i c acid, t h e y 
y ie ld b l ack t h i o c y a n a t e s , R 2 [MoO(CyS) 6 ] , insoluble in w a t e r b u t r ead i ly soluble in 
alcohol . T h e b r o m i d e s a r e m o r e sens i t ive t o o x i d a t i o n t h a n t h e chlor ides . Like 
t h e chlor ides , t h e c o m p l e x b romides in abso lu t e a lcohol g ive a n osmot ic factor 
a p p r o x i m a t i n g ^ = 3 , a n d t h e soln. r e t a in t h e cha rac t e r i s t i c colour of t h e sa l ts t h e m ­
selves . Th i s is t a k e n t o m e a n t h a t in alcoholic soln. , t h e fo rmula of t h e sal ts a re 
of t h e co -o rd ina t ion t y p e R 2 [ M o O X 5 ] , r a t h e r t h a n 2 R X . M o O X 3 , where t h e osmot ic 
f ac to r w o u l d be n e a r l y i=l. A n alcoholic soln. ion iza t ion is in accord w i th 
R 2 [ M o O X 6 ] ^ 2 R * + [ M O O X 5 ] " ; a n d h y d r o l y t i c decompos i t i on does n o t occur a s 
is t h e case in aq . soln. w h e r e t h e colours a r e q u i t e different from those in 
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alcoholic soln. E . W e i n l a n d a n d W . K n o l l p r e p a r e d m a g n e s i u m m o l y b d e n y l 
pentabromide, Mg(MoOBr 5 ) . 7H 2 O, in hygroscopic , ol ive-green, o c t a h e d r a l c rys t a l s 
or s ix-sided p y r a m i d s . 

E . W e i n l a n d a n d W . K n o l l p r e p a r e d p o t a s s i u m m o l y b d e n y l te trabromide , o r 
potass ium oxyte trabromide , K M o O B r 4 . 2 H 2 0 , or K [ M o O B r 4 H 2 O ] - H 2 O , in ol ive-
green c o l u m n a r co lumns , f rom a h y d r o b r o m i c ac id soln. of t h e c o m p o n e n t sa l t s w i t h 
Mo : K = I : 4 . ~F. G-. Angel l a n d co-workers d o u b t if t h e sa l t is o l ive-green because , 
whi ls t t h e o x y t e t r a c h l o r i d e s a re g reen , t h e o y x t e t r a b r o m i d e s t h e y o b t a i n e d a r e al l 
red . T h e y p r e p a r e d red , hygroscop ic c rys ta l s of l i t h i u m m o l y b d e n u m o x y t e t r a -
bromide , !Li [MoOBr 4 (H 2 O)] .3H 2 O, f rom t h e e lec t ro ly t ica l ly r e d u c e d soln. of q u i n -
q u e v a l e n t m o l y b d e n u m in h y d r o b r o m i c acid , b y t h e a d d i t i o n of l i t h i u m b r o m i d e , 
cooled in ice. T h e p r o d u c t w a s w a s h e d w i t h h y d r o b r o m i c ac id of sp . gr . 1-7, a n d 
dr ied over s o d i u m h y d r o x i d e a n d p h o s p h o r u s p e n t o x i d e . T h e co r re spond ing 
pyr id in ium m o l y b d e n u m oxyte trabromide , ( C 5 H 6 N ) [ M o O B r 4 ] , w a s also ob ta ined 
in Ted, hygroscop ic needles , a n d q u i n o l i n i u m m o l y b d e n u m oxyte trabromide , 
( C 9 H 8 N ) [ M o O B r 4 ] , in o range , hygroscopic needles , wh ich w h e n d r i ed c h a n g e t o 
p i n k . T h e f.p. of t h e aq . soln. gives a n osmot ic fac tor %•= 9*0 t o 7-7 or a mol . w t . 
56-5 t o 66-5—calcula ted for t h e t r i h y d r a t e 510-7. Th i s co r r e sponds w i t h comple t e 
decompos i t i on in aq . soln. I n alcoholic soln. , t h e osmot i c fac to r i is n e a r l y 3 
i nd i ca t ing a d issocia t ion 2 R [ M o O B r 4 ] ^ R 2 [ M o O B r 5 ] + M o O B r 3 . T h e l i t h i u m sa l t 
w a s also p r e p a r e d b y E . "Weinland a n d W . K n o l l ; a n d t h e y also r e p o r t e d t h a t 
c a l c i u m m o l y b d e n u m oxyte trabromide , C a M o O B r 4 . 7 H 2 O , or C a [ M o O B r 4 ( H 2 O ) ] , 
6 H 2 O , furnishes r ed , four-s ided p l a t e s . 

^E. F . S m i t h a n d V. Oberho l t ze r o b t a i n e d m o l y b d e n u m tr ioxytetrabromide, 
Mo 2 O 3 Br 4 , a long w i t h t h e t r i h y d r o x y t r i b r o m i d e b y t h e ac t ion of h y d r o g e n b r o m i d e 
on m o l y b d e n u m t r iox ide . T h e colour of t h e sa l t r e sembles t h a t of p o t a s s i u m pe r ­
m a n g a n a t e ; t h e t a b u l a r c rys t a l s w h i c h a re s lowly a c t e d u p o n b y purif ied air , b u t n o t 
b y c a r b o n d iox ide ; t h e y dissolve in w a t e r w i t h t h e d e v e l o p m e n t of h e a t , fo rming 
a colourless soln. w h i c h becomes b lue on s t a n d i n g . E . F . S m i t h a n d V. Obe rho l t ze r 
o b t a i n e d m o l y b d e n u m tr ihydroxytr ibromide , Mo(OH) 3 Br 3 , a s i n d i c a t e d a b o v e . 
T h e b rownish-ye l low vola t i le l iqu id a t a low t e m p . , a n d u n d e r r educed press . , y ie lds 
yel low needles , wh ich l iquefy as soon as air is a d m i t t e d . T h e a q . soln. is v e r y pa le 
yel low, a l m o s t colourless, a n d becomes d e e p yel low on s t a n d i n g , a n d in a b o u t 
24 h r s . depos i t s b lue m o l y b d e n u m oxide . 

C. W . B l o m s t r a n d p r e p a r e d m o l y b d e n u m dioxydibromide , MoO 2 Br 2 , b y h e a t i n g 
m o l y b d e n u m d iox ide in b r o m i n e v a p o u r ; a n d b y m e l t i n g m o l y b d e n u m t r i ox ide 
w i t h bor ic o r phospho r i c acid, a n d h e a t i n g t h e cold a n d p o w d e r e d m a s s w i t h p o t a s ­
s ium b r o m i d e : M o 0 3 + B 2 0 3 + 2 K B r = 2 K B 0 2 + M o 0 2 B r 2 . T h e yel lowish-red, 
t a b u l a r c rys t a l s de l iquesce in a i r ; a n d t h e y fo rm a colourless soln. w i t h w a t e r . 
F . G. Angell a n d co-workers o b t a i n e d l i t h i u m m o l y b d e n u m dioxydibromide , 
L i [ M o O 2 B r 2 ( H 2 O ) 2 ] . 4 H 2 O , f rom a n e lec t ro ly t ica l ly r e d u c e d soln, of q u i n q u e v a l e n t 
m o l y b d e n u m m i x e d w i t h l i t h i u m b r o m i d e , e v a p o r a t e d t o a smal l v o l u m e , a n d 
cooled in ice. T h e sa l t w a s w a s h e d i n h y d r o b r o m i c ac id of sp . gr . 1-7, a n d d r i e d 
over s o d i u m h y d r o x i d e a n d p h o s p h o r u s p e n t o x i d e . 

1 C. W . B loms t rand , Journ. praht. Chem., (1), 77 . 89, 1859 ; (1), 82 . 436, 1861 ; A . A t t e rbe rg , 
Ndgra Bidrag till kdnnedomen om Molybdan, Upsa la , 16, 1872 ; Bull. 80c. Chim.9 (2), 18 . 2 1 , 
1872 ; Akad. Afhandl. Upsala, 1, 1872 ; W . M u t h m a n n a n d W . Nagel , Ber.9 8 1 . 2010, 1898 ; 
K . L indne r a n d H . Helwig, Zeit. anorg. Chem., 142. 180, 1925 ; K . L indner , ib.9 162. 203 , 1927 ; 
W . Lederer , Darstellung und Untersuchung reinen geschmolzen Molybdans, Miinchen, 1911 ; 
F . W . Bergs t rom, Journ. Amer. Chem* 8oe„ 47 . 2317, 1925. 

a C W . B loms t r and , Journ. prakt. Chem., (1), 82 . 435, 1861 ; F . W . Bergs t rom, Journ. Amer. 
Chem. Soc9 47 . 2317, 1925 ; W . W a r d l a w a n d A . J . I . H a r d i n g , Journ. Chem. 8oc, 1592, 1926 ; 
H . J . B r a u n , Untersuchungen uber das Molybdan, Berl in , 1904 ; A . Rosenhe im a n d H . J. Bra tu i , 
Zeit. anorg. Chem.9 46 . 311 , 1905 ; F . F o r s t e r a n d E . F r icke , Zeit.angew. Chem., 86 . 458 , 1923. 

8 C. W . B loms t r and , Journ. praht. Chem., (1), 77 . 89, 1859 ; (1), 82, 436, 1861 ; W . W a r d l a w 
ai*d R . X . Wormel l , Journ. Chem. 8oc.9 1087, 1927 ; W . ' W a r d l a w a n d A . J . I . H a r d i n g , %b., 1592» 
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1926 ; F . G. Angell, R. G. James, and W. Wardlaw, ib., 2578, 1929 ; A. Atterberg, Ndgra, Bidrag 
till kannedomen, om Molybdan, Upsala, 16, 1872 ; Bull. Soc. Chern,., (2), 18. 21 , 1872 ; Akad. 
Afhandl. Upsala, 1, 1872 ; W. Muthmann and W. Nagel, Ber., 31 . 2010, 1898 ; E . F . Smith and 
V: Oberholtzer, Zeit. anorg. Chem. 4 . 236, 1893 ; E . Weinland and W. K.noll, ib., 44. 81, 1905 ; 
A. Rosenheim and M. Koss, ib., 49 . 148, 1906 ; A. Chilesotti, Zeit. Elektrochem,., 12 . 173, 1906. 

§ 22. Molybdenum Iodides, and Mixed Halides 
J . J . Berze l ius 1 found t h a t iod ine does n o t a c t on r e d - h o t m o l y b d e n u m ; a n d 

t h a t a soln. of h y d r a t e d m o l y b d i c ox ide in hyd r iod i c acid, b e h a v e s l ike t h e soln. in 
hyd roch lo r i c ac id . M. G u i c h a r d found t h a t w h e n d r y m o l y b d e n u m pen t ach lo r i de is 
h e a t e d in a c u r r e n t of d r y h y d r o g e n iodide , iod ine is l ibe ra ted , a n d b rown , a m o r ­
p h o u s m o l y b d e n u m diiodide, or m o l y b d o u s iodide, MoI 2 , is formed. T h e sp . gr . 
is 4-3 . M o l y b d o u s iod ide is inso luble in w a t e r a n d a lcohol . W h e n h e a t e d in v a c u o 
u p t o t h e m . p . of glass, i t is n o t decomposed , b u t w h e n h e a t e d in air , iod ine is l ibe­
r a t e d a n d a n ox ide is fo rmed which , a t a h ighe r t e m p . , is c o n v e r t e d i n t o m o l y b d e n u m 
t r i o x i d e . H y d r o g e n reduces t h e iod ide a t 500° , a n d t h e c h a n g e is v e r y r a p i d a t 
a n inc ip i en t r e d - h e a t . Chlor ine decomposes i t be low 240°, a n d b r o m i n e b e h a v e s 
s imi la r ly . I n o x y g e n a t 350°, t h e r e is v igo rous incandescence , w i t h a l ibe ra t ion of 
iod ine a n d f o r m a t i o n of m o l y b d e n u m t r i ox ide . S u l p h u r r ead i ly c o n v e r t s t h e iodide 
i n t o a b l ack su lph ide , b u t n i t r o g e n is w i t h o u t ac t i on a t t h e sof tening p o i n t of glass . 
W a t e r decomposes i t v e r y s l igh t ly a t t h e o r d i n a r y t e m p . , a n d a l i t t l e m o r e r a p i d l y 
a t 700°, whi l s t in s u p e r h e a t e d s t e a m , h y d r o g e n is l i b e r a t e d as well a s h y d r o g e n 
iodide , p r o b a b l y as a r e su l t of t h e d e c o m p o s i t i o n of t h e s t e a m b y a n oxide , MoO, 
fo rmed as t h e first p r o d u c t of t h e a c t i o n of t h e s t e a m on t h e iod ide . H y d r o g e n 
su lph ide c o n v e r t s t h e iod ide i n t o su lph ide , a n d su lphu r i c a n d n i t r i c ac ids oxid ize 
i t s lowly in t h e cold a n d m o r e r a p i d l y on h e a t i n g . P o t a s h - l y e a c t s on i t s lowly a t 
o r d i n a r y t e m p . 

J . J . Berze l ius o b t a i n e d a r ed soln. b y d isso lv ing m o l y b d e n u m t e t r a h y d r o x i d e 
in h y d r i o d i c ac id . W h e n t h e soln. is e v a p o r a t e d in air , i t forms red or b r o w n c rys ta l s 
wh ich a r e soluble in wa te r , a n d g ive off h y d r o g e n iod ide w h e n h e a t e d leaving a 
res idue of m o l y b d e n u m d iox ide . M. G u i c h a r d o b t a i n e d m o l y b d e n u m tetraiodide, 
MoI 4 , b y t h e a c t i o n of l iqu id h y d r o g e n iodide , u n d e r press . , on m o l y b d e n u m t e t r a ­
ch lor ide . T h e b l a c k c rys t a l s c h a n g e in air , a n d lose iod ine a t 100°. T h e sa l t 
c a n n o t b e o b t a i n e d free f rom chlor ides . 

J . H . G l a d s t o n e 2 obse rved t h a t w h e n hydrof luor ic ac id is a d d e d t o a green soln. 
of m o l y b d o u s ox ide in hyd roch lo r i c ac id , a r i ch p u r p l e p r e c i p i t a t e is p roduced , a n d 
t h i s is succeeded b y a w h i t e p r e c i p i t a t e wh ich is insoluble in a n excess of h y d r o ­
fluoric ac id , b u t r e ad i l y soluble in hyd roch lo r i c ac id r e p r o d u c i n g t h e green soln. 
T h e w h i t e s u b s t a n c e w a s sa id t o b e a c o m p o u n d of m o l y b d e n u m with b o t h ha logens . 
O. Huff a n d F . E i s n e r c o n d e n s e d h y d r o g e n fluoride over p o w d e r e d m o l y b d e n u m 
p e n t a c h l o r i d e cooled b y a freezing m i x t u r e , a n d , af ter t h e m i x t u r e h a d s tood 
for s o m e t i m e , d is t i l led off t h e h y d r o g e n fluoride. The re r e m a i n e d m o l y b d e n u m 
fluochloride, M o 3 F 1 0 C l 6 , a s a b lue solid. A. A t t e r b e r g p r e p a r e d m o l y b d e n u m 
dif luotetrabromide, M o 3 B r 4 F 2 . 3 H 2 O , as a yel low powder , b y t h e ac t ion of h y d r o ­
fluoric ac id on a n a lka l ine soln. of m o l y b d e n u m d i h y d r o x y t e t r a b r o m i d e . 

A . A t t e r b e r g , a n d C. W . B l o m s t r a n d p r e p a r e d m o l y b d e n u m dichlorotetra-
bromide , M o 3 B r 4 C l 2 . 3 H 2 0 , b y a d d i n g a n excess of hydroch lo r i c ac id t o a n a lkal ine 
soln. of m o l y b d e n u m d i h y d r o x y t e t r a b r o m i d e . T h e yel low p o w d e r loses no wa t e r a t 
100° ; a n d w h e n t r e a t e d w i t h boi l ing wa te r , fo rms t h e d i h y d r o x y t e t r a b r o m i d e . 
G. W . B l o m s t r a n d p r e p a r e d m o l y b d e n u m tetrachlorodibromide, M o 3 C l 4 B r 2 , 3 H 2 0 , 
b y a l lowing a soln. of m o l y b d o u s chlor ide or m o l y b d e n u m d i h y d r o x y t e t r a c h l o r i d e 
t o s t a n d in h o t h y d r o b r o m i c ac id for some t i m e . T h e cold soln. depos i t s c rys ta ls 
of t h e trihydrate wh ich a r e insoluble in wa te r , a n d in dil . hydroch lo r i c acid ; wi th 
f u m i n g n i t r i c acid , h y d r o g e n b r o m i d e is g iven off. If a w a r m a q . soln. is al lowed t o 
s t a n d o n a w a t e r - b a t h i t depos i t s r ed p r i sms of t h e hexahydrate. I t is soluble in 
w a t e r ; a n d i t c a n b e recrys ta l l i zed f rom i ts soln. in di l . h y d r o b r o m i c acid. I t is 
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soluble in alcohol and ether. When water is added to the alcoholic soln., there 
is precipitated molybdenum hydroxytetrachlorobromide, Mo3(OH)BrCl4 .2H2O. 
C. W. Blomstrand also prepared ammonium molybdenum tetracblorotetrabromide, 
2NH4Br.Mo3Cl4Br2 .2H2O, in yellowish-red crystals, by saturat ing a soln. of molyb-
dous chloride with potassium chloride and adding ammonia and hydrobromic acid. 
The salt is decomposed by water ; i t can be recrystallized from dil. hydrobromic 
acid, and it dissolves without decomposition in alcohol. Similarly with the prepara­
tion of potassium molybdenum tetrachlorotetrabromide, 2KBr.(Mo2Cl4)Br2 .2H2O. 

C. W. Blomstrand obtained molybdenum tetrachlorodiiodide, Mo3Cl4I2 .3H20, 
from a hot soln. of molybdous chloride or molybdenum dihydroxytetrachloride in 
hydriodic acid. The trihydrate separates as a scaly crystalline precipitate. The 
mother-liquor, when concentrated on a water-bath, deposits dark red prisms of 
the hexahydrale. The salt is decomposed by water ; and with fuming nitric acid, 
iodine separates out. I t behaves towards alcohol like the tetrachlorodibromide. 
Dark yellowish-red crystals of ammonium molybdenum tetrachlorotetraiodide, 
2NH41.Mo3Cl4I2.2H2O, are formed by a method analogous to t h a t used for the 
tetrachlorotetrabromide. Similarly with the preparation of potassium molybde­
num tetrachlorotetraiodide, 2KL(Mo 3Cl 4 ) I 2^H 2O. A. Atterberg, and C. W. Blom­
strand prepared a complex with molybdenum tetrabromodiiodide, namely, 
Mo3(OH)2Br4 .2Mo3Br4I2 .8H2O, from an alkaline soln. of dihydroxytetrabromide 
saturated with hydriodic acid. These mixed salts were discussed by I. Koppel, 
and K. Lindner and co-workers. K. Lindner and H . Helwig obtained pyridine 
salts of some mixed acids, namely, C5H5N-HMo3Br4Cl3 ; C5H5N-HMo3Br4Cl3. 
C 2 H 5 O H ; and C 5 H 5 NHMo 3 Br 4 Cl 3 . 
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§ 23 . Molybdenum Sulphides 
M. Guiehard x found t h a t when molybdenum disulphide is heated in the electric 

arc-furnace for 2 to 4 min., a mixture of molybdenum and molybdenum hemi-
trisulphide, or molybdic sulphide* Mo2S3, is formed. The metal can be removed 
by t rea tment with cold dil. aqua regia. W. Muthmann and co-workers heated 
molybdenite mixed with calcium oxide and fluoride in the arc-furnace, and obtained 
bluish black crystals. M. Guiehard found t h a t this sulphide forms steel-grey 
needles of sp. gr. 5-9 a t 15°, and i t is ra ther harder than molybdenite. If heated 
in the electric arc-furnace, i t forms molybdenum ; and when heated in sulphur 
-vapour, molybdenum disulphide is formed. M. Picon observed t h a t this sulphide 
is largely dissociated a t 1100°, and volatilization occurs a t 1200°. W. Muthmann 
and co-workers found t h a t this sulphide is not a t tacked by cone, hydrochloric acid. 
K. von der Heide studied the action of potassium cyanide on molybdic sulphide. 
V. Montoro found t h a t the X-radiogram of the supposed sesquisulphide is the same 
as t h a t of molybdenite, MoS2, superposed on t h a t of a molybdenum hemicarbide, 
MoC2, and t ha t the lat ter disappears after the substance has been t reated with dil. 
aqua regia. 

The history of molybdenum disulphide, MoS2, and its occurrence as molybdenite, 
has been discussed in connection with the history, and occurrence of molybdenum. 
F . Cornu applied the term jordiste to the colloidal mineral from Himmelsfurst, 

Corn.pt
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F r e i b e r g , wh ich h a s t h e s a m e compos i t i on as m o l y b d e n i t e . Ana lyse s of m o l y b d e n i t e 
w e r e m a d e b y C. F . Bucho lz , K . B r a n d e s , P . J a n n a s c h , A. Cossa, !L. F . S v a n b e r g a n d 
H . S t r u v e , W . Gerr ie , A. L ivers idge , H . Seybe r t , C. M. Wethe r i l l , J . C. I l s e m a n n , 
J . C H . H e y e r , R . Nas in i a n d E . Baschier i , K . N e n a d k e w i t s c h , a n d F . Z a m b o n i n i . 
T h e r e su l t s agree w i t h t h e fo rmu la MoS 2 , a n d w i t h t h e ana lyses of L . F . S v a n b e r g 
a n d H . S t r u v e , a n d M. G u i c h a r d of t h e artificial c o m p o u n d . M o l y b d e n u m disul ­
p h i d e w a s p r e p a r e d b y C. W . Scheele , a n d J . J . Berzel ius b y h e a t i n g one of t h e 
h i g h e r su lph ides in a c losed vessel ; a n d b y h e a t i n g m o l y b d e n u m t r iox ide a d m i x e d 
w i t h su lphu r , or in a c u r r e n t of h y d r o g e n su lph ide . M. G u i c h a r d h e a t e d a m i x t u r e 
of 150 g r m s . of p o t a s s i u m c a r b o n a t e , 310 g r m s . of su lphur , a n d 200 g r m s . of m o l y b ­
d e n u m d iox ide a t a h i g h t e m p , for half a n hour , a n d w a s h e d o u t t h e p o t a s s i u m poly-
su lph ide b y m e a n s of w a t e r . A . de S c h u l t e n used a s imi lar process . M. G u i c h a r d 
o b t a i n e d t h e s a m e c o m p o u n d b y h e a t i n g a m i x t u r e of 5O g r m s . of a m m o n i u m 
m o l y b d a t e , 1OO g r m s . of s u l p h u r , a n d some l a m p - b l a c k . S t . Meunier used a s imi lar 
p rocess . J . Mi lbaue r f o u n d i t t o b e a p r o d u c t of t h e ac t i on of p o t a s s i u m th io -
c y a n a t e on m o l y b d e n u m oxide a t a h igh t e m p . C. W . C. F u c h s calc ined a m i x t u r e of 
m o l y b d e n u m t r i ox ide a n d c i n n a b a r ; a n d H . D e b r a y h e a t e d a m i x t u r e of a m m o n i u m 
m o l y b d a t e a n d a n excess of l ime in a c u r r e n t of h y d r o g e n chlor ide a n d su lph ide ; 
E . P e c h a r d o b t a i n e d i t b y t h e ac t i on of h y d r o g e n su lph ide on a n acidic soln. of 
m o l y b d e n u m d iox ide ; a n d C Winss inger , b y t h e a c t i o n of a n excess of dil . ace t ic 
ac id o n p o t a s s i u m s u l p h o m o l y b d a t e . C. Winss inge r f o u n d t h a t if t h e p r o d u c t 
so o b t a i n e d b e d i a lyzed for a b o u t 72 h rs . , a b r o w n , n e u t r a l l iqu id—co l lo ida l m o l y b ­
d e n u m disulphide—is fo rmed . F . V. v o n H a h n p r e p a r e d colloidal sols b y t h e 
c a t h o d i c d i scharge . P . B a r y a n d J . V. I i u b i o , a n d P . B a r y s t ud i ed t h e s t r u c t u r e 
of t h e d r i ed gel . 

J . J . Berze l ius desc r ibed m o l y b d e n u m d i su lph ide a s a b l ack p o w d e r ; a n d 
E . P o c h a r d , a s a r e d d i s h - b r o w n p r e c i p i t a t e , M o l y b d e n i t e occurs in lead-grey 
m a s s e s w h i c h m a y b e fol ia ted, scaly , or g r a n u l a r . T h e c rys t a l s a r e hexagona l 
i n fo rm a n d a p p e a r in flexible b u t n o t e las t ic p l a t e s r e sembl ing mica , or in s h o r t 
p r i s m s w h i c h a re s l ight ly t a p e r i n g . T h e p r i s m a t i c p l anes a r e ho r i zon ta l ly s t r i a t ed ; 
a n d striae s o m e t i m e s occur on t h e base n o r m a l t o t h e edges . A. K n o p said t h a t 
t h i n p l a t e s a r e g reen . T h e c l eavage of t h e c rys t a l s r e sembles t h a t of mica , a n d 
t h i n shee t s of t h e m i n e r a l s eve ra l s q u a r e c e n t i m e t r e s in a r e a m a y b e scaled off from 
a l a rge c r y s t a l of m o l y b d e n i t e . These shee t s h a v e a me ta l l i c l u s t r e a n d look n o t 
u n l i k e shee t s of l ead foil. T h e y c a n b e r e a d i l y e l ec t rop l a t ed w i t h copper , so t h a t 
c o n n e c t i n g wires m a y be so ldered t o t h e m . T h e s t r e a k , sa id J . I J . C. Sch rode r 
v a n de r KoIk , is g reen i sh-grey . H . S c h n e i d e r h o h n e x a m i n e d pol ished sect ions 
of t h e m i n e r a l . J . B . Li. R o m e d e FIs l e c o m p a r e d t h e c rys ta l s of m o l y b d e n i t e 
w i t h t h o s e of m i c a a n d t a l c . R . J . H a u y sa id t h a t t h e presumes forme primitive 
is a r h o m b i c p r i s m . J . G. Schmeisse r desc r ibed t h e c rys ta l s as h e x a g o n a l p r i sms ; 
J. F . L . H a u s m a n n , a s r egu l a r s ix-sided p l a t e s ; a n d F . Mohs, as r h o m b o h o i d a l 
( t r igonal ) . N . A . E . v o n N o r d e n s k j o l d d o u b t e d if t h e c rys ta l s are hexagona l . 
M. H o m e s , a n d N . v o n Kokscharof f sa id t h a t t h e c rys ta l s a re monocl in ic or poss ibly 
r h o m b i c ; a n d P . G r o t h , r h o m b i c . G. A. K e n n g o t t , however , showed t h a t t h e 
c ry s t a l s a r e p r o b a b l y h e x a g o n a l ; a n d A. P . B r o w n g a v e for t h e axia l r a t i o of t h e 
h e x a g o n a l c ry s t a l s a : c = l : 1-9077. This is in a g r e e m e n t w i th t h e obse rva t ions of 
A . J . Moses, W . E . H i d d e n , W . C. Brogger , a n d O. Mugge . A. J . Moses found t h a t 
t h e co r ros ion figures of m o l y b d e n i t e agree w i t h those for hexagona l c rys ta l s . 
R . G. D i c k i n s o n a n d L . P a u l i n g f o u n d t h a t t h e X - r a d i o g r a m s agreed w i t h a typica l , 

^hexagonal , l a y e r l a t t i c e . E a c h hexagona l u n i t c o n t a i n s t w o molecules of t h e disul­
p h i d e , a n d h a s a n ax i a l r a t i o 1-95. E a c h s u l p h u r a t o m is e q u i d i s t a n t from th ree 
m o l y b d e n u m a t o m s , a n d e a c h m o l y b d e n u m a t o m is s u r r o u n d e d b y six equ id i s t an t 
s u l p h u r a t o m s a t t h e co rne r s of a smal l t r i a n g u l a r p r i s m of a l t i t u d e 3*17 A., a n d edge 
3-15 A . — F i g . 28 w h e n t h e circles r ep re sen t s u l p h u r a t o m s , a n d t h e black spo t s , 
m o l y b d e n u m a t o m s . T h e r e is a l aye r of s u l p h u r a t o m s each side of a layer of mo lyb­
d e n u m a t o m s ; t w o l aye r s of s u l p h u r a t o m s a re in c o n t a c t . T h e su lphu r a t o m s 

• VOI-, XI, 2 T 



642 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

form pyramids which are 3-66 A. in length along the pyramid edges, and 3-15 A. 
along the basal edges. The distance of the molybdenum a t o m to the nearest 
sulphur atom is 2-41 A. The excel lent basal cleavage of molybdenite is connected 
wi th the relatively great distance between the sulphur atoms. A. E . v a n Arkel, 

J. W. Gruner, V. Montoro, and E . J. Cuy made some ob­
servations on this subject. O. Hassel studied the structure 
of the disulphide, and H. Mark, the deformation produced 
by stresses. F . Mohs found the sp. gr. of molybdenite to be 
4-591 ; and H. Seybert, 4-444. M. Gruichard gave 4-80 for 
the sp. gr. at 14° of the artificial crystals, and 4-88 at 14° 
for the amorphous disulphide. A. de Schulten gave 5-06 for 
the sp. gr. of the artificial crystals. The hardness of molyb­
denite is 1-0 to 1-5. Observations on this subject were made 
by A. Reis and L. Zimmermann. E . Jannet taz found the 
heat conduct iv i ty from a central point of the prisms fur­
nished an ellipse with the axes 1 : 2 or 1 : 3 . F. E . Neu­
mann gave 0-1067 for the sp. ht . ; A. de la R i v e and 
F. Marcet, 0 1 0 9 7 ; and H. V. Regnault , 0 1 2 3 3 4 . H. V. R e g -
nault observed that the disulphide is not altered by heat ing 
it to a high temp, out of contact with air. E . D . Clark said 
that when heated in the oxyhydrogen blowpipe flame, molyb­
denite fuses a t once and forms a white sublimate containing 
minute globules of metal , and a molten mass of metal re­
sembling arsenical iron. J. JoIy gave 450° for the t emp, of 
sublimation. R. Cusack gave 1185° for the m.p. ; and 
G. Spezia added that if heated in the oxyhydrogen flame, the 

disulphide melts and forms a white crystalline sublimate and a yel lowish-white 
vapour. N. Parravano and G. Malquori found that for the dissociation of the 
disulphide log p&z is — 11-963 at 600° ; —7-620 at 805° ; —6-463 at 910° ; —5-453 
at 1005° ; and —4-629 at 1100°. M. Picon studied the thermal decomposit ion of 
the sulphide. A. W. Meyer found the index of refraction, JJL ; the absorption 
coeff., k ; and the reflecting power, R, for light of wave- length A = w«/x, to be for 
molybdenite : 

F i o . 28. The Ar­
rangement of A t o m s 
i n M o l y b d e n i t e , 
MoS 2 . 

A 
fX 
Jc 
R 

500 
. 5-668 

0-341 
. 52-97 

450 
4-675 
0-581 
56-75 

41O 
4-002 
0-812 
59-71 

370 
3-209 
0-963 
52-93 

350 
2-640 
0-982 
4713 

330 
2-217 
1-0Ol 
4 2 1 0 

Observations on the optical constants were also made b y E . P . T. Tyndall . A. de 
Gramont observed tha t the spark spectrum does not show the sulphur lines, b u t 
molybdenum lines are well-defined. A. Cossa said that the yellowish-green name 
gives a continuous spectrum ; and a phosphate bead is blue in the reducing flame ; 
and a borax lead when heated in the oxidizing flame is ye l low when hot and whi te 
when cold. W. W. Coblentz found tha t the ultra-red reflection spectrum of molyb­
denite is uniform—18 to 20 per cent .—through the spectrum up to 14/z,. Molyb­
denite has four max ima of select ive reflection in the ultra-violet a t 260, 450, 610, 
and 69OfJLfM respectively. The ultra-red transmission spectrum shows tha t molyb­
denite is very opaque up to 15/x. I . B . Crandall found tha t molybdeni te has a low 
transmission in the visible region fol lowed b y great transparency and high reflec­
t i v i t y in the ultra-red. A decrease in t e m p , to the b.p. of l iquid air greatly increases 
the transparency of molybdenite . A sample transparent to 0-702/x a t room temp. , 
was transparent t o 0-666/c a t —190°. For incident l ight of wave- length 1/i,, 2-2/x,* 
and 4/x, W. W. Coblentz and C. W. H u g h e s found the percentage absorptions of 
the incident l ight in traversing 0-3 m m . layer were respectively 22-3, 18-1, and 18-1 ; 
the percentage l ight reflected at the first surface, 29-8, 27-8, and 27-8 ; the percentage 
sums of returning light, 39-0, 38-1, and 38-0 ; the percentage sums of t h e trans­
m i t t e d l ight , 4:0-5, 45-0, a n d 45-0 ; and the indices of refraction, respect ively 3-40, 
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3-23, a n d 3-23. I . B . C randa l l ca l cu la t ed t h e indices of re f rac t ion for l igh t of wave ­
l e n g t h A t o b e : 

A . . 0-6757 0-6915 0-7136 0-80 3-0 5 0 7-0/x 
ft • . 14-8 9-48 7-44 60O 4-02 3-98 3-9O 

E . P . T. T y n d a l l found t w o m a x i m a in t h e v a r i a t i o n of t h e i n d e x of re f rac t ion in 
t h e vis ible s p e c t r u m a t fyOOmjj, a n d 660/x/x. T h e r e is also a n o m a l o u s d i spers ion . 
O. Ste l l ing s t u d i e d t h e X - r a y a b s o r p t i o n s p e c t r u m . 

R . Gr. H a r v e y m e a s u r e d t h e e lect r ical c o n d u c t i v i t y . T. W . Case o b s e r v e d t h e 
c h a n g e i n t h e e lec t r ica l r e s i s t ance of m o l y b d e n i t e in l ight . S. L . M a r t i n showed 
t h a t t h e r e su l t is n o t a c o n t a c t effect ; a n d W . W . Coblentz , t h a t t h e change is m o r e 
m a r k e d w i t h n a t u r a l t h a n w i t h art if icial m o l y b d e n i t e ; a n d i t is d e s t r o y e d b y h e a t i n g 
t o 700°. A pho toe l ec t r i c c h a n g e occurs in t h e res i s tance of m o l y b d e n i t e w h e n 
i t is s u b j e c t t o a n i m p r e s s e d e.m.f. a n d exposed t o t h e r m a l r a d i a t i o n b e t w e e n 
A—036/LA in t h e u l t r a -v io l e t t o b e y o n d A=9/JU i n t h e u l t r a - r ed . W . W . Coblentz 
s h o w e d t h a t t h e effect of inc reas ing t h e i n t e n s i t y of t h e exc i t ing r a d i a t i o n s is t o 
p r o d u c e a m o r e r a p i d r e sponse in t h e long w a v e - l e n g t h s t h a n in t h e s h o r t w a v e ­
l eng ths , w i t h a r e s u l t a n t shif t of t h e spec t r a l pho toe l ec t r i c sens i t iv i ty c u r v e t o w a r d 
t h e long wave - l eng th s . T h e r e is n o s imple l aw gove r n ing t h e v a r i a t i o n in t h e 
pho toe l ec t r i c r e sponse in m o l y b d e n i t e , w i t h v a r i a t i o n in i n t e n s i t y of t h e r a d i a t i o n 
s t i m u l u s . A t r o o m t e m p , t h e r e a r e m a x i m a of s ens i t i v i t y in t h e regions of A—0-7/x, 
0-85/Lt, 1-02/i, a n d 1-SJUL. B e y o n d 2-5/z t h e pho toe lec t r i c s ens i t i v i ty is p rac t i ca l ly 
nil . !Raising t h e t e m p , causes a r a p i d decrease in t h e s p e c t r a l pho toe l ec t r i c sensi­
t i v i t y , especia l ly in t h e reg ions of 1-02JUL t o 1-8/u,. A t 80° t h e spec t r a l pho toe lec t r i c 
s ens i t i v i ty h a s p r ac t i ca l l y d i s a p p e a r e d — o n l y s l igh t i nd i ca t i ons b e i n g obse rved 
for r a d i a t i o n s of w a v e - l e n g t h s A=0-6/u, t o 0*8/z. T h e effect p r o d u c e d b y lower ing 
t h e t e m p , is g r e a t l y t o inc rease t h e sens i t i v i ty c u r v e t h r o u g h o u t t h e whole s p e c t r u m 
f rom t h e u l t r a -v io l e t t o 2-5/x in t h e inf ra- red . T h i s inc rease in s ens i t i v i ty is g rea t e s t 
in t h e reg ion of OSJJL t o 0-9/LC, so t h a t a t t h e t e m p , of bo i l ing l iqu id a i r t h e m a x i m u m 
sens i t i v i t y occur s a t a b o u t 0-85/x, w i t h a n e w b a n d a t 1-25/UL t o 1-35/z. Samples 
of m o l y b d e n i t e wh ich a r e q u i t e insens i t ive a t r o o m t e m p , b e c o m e fair ly sensi t ive , 
pho toe lec t r i ca l ly , a t —178° . A t low t e m p . , t h e spec t r a l pho toe l ec t r i c sens i t iv i ty 
c u r v e s of al l s a m p l e s a r e q u i t e s imi lar , w i t h a m a x i m u m in t h e reg ion of 0-8/LC t o 09/x . 
F r o m th i s i t wou ld a p p e a r t h a t t h i s pho toe l ec t r i c p r o p e r t y is one of degree r a t h e r 
t h a n o n e of q u a l i t y . T h e fac t t h a t t h e b a n d s a t 1-02//, a n d 1-S/UL occur t oge the r , 
a n d t h a t t h e 0-85/x b a n d m a y occur a lone sugges t s t h e poss ib i l i ty t h a t t h e y a re 
c h a r a c t e r i s t i c b a n d s of s p e c t r a l pho toe l ec t r i c s ens i t i v i t y of different s u l p h u r com­
p o u n d s of m o l y b d e n u m . U s i n g f r equency i n s t e a d of w a v e - l e n g t h t o i nd i ca t e t h e 
spec t r a l pos i t ion of t h e r a d i a t i o n s wh ich cause t h e m a x i m u m change in e lectr ical 
c o n d u c t i v i t y , i t is found t h a t i n s o m e i n s t a n c e s t h e r e is a c o n s t a n t difference of t h e 
w a v e n u m b e r s a n a l o g o u s t o t h e series r e l a t i ons of spec t r a l l ines. T h e t i m e r equ i r ed 
for r e c o v e r y of e q u i l i b r i u m in e lec t r ica l c o n d u c t i v i t y is close t o twice t h e t i m e of 
e x p o s u r e . Mechan ica l w o r k i n g of t h e m a t e r i a l a p p e a r s t o lower t h e pho toe lec t r i c 
s ens i t i v i t y . T h e r e apj>ears t o b e n o close connec t ion b e t w e e n pho toe lec t r i c sensi­
t i v i t y a n d c u r r e n t rec t i f ica t ion in m o l y b d e n i t e . T h e g r e a t e s t photoe lec t r ica l 
a c t i v i t y occu r s i n t h e reg ion of t h e s p e c t r u m , whe re t h e r e is a r a p i d decrease in 
s p e c t r a l a b s o r p t i o n . W h i l e s e l en ium is p h o t o p o s i t i v e in t h a t on exposu re t o l igh t 
t h e e lec t r ica l c o n d u c t i v i t y g r e a t l y increases , some s a m p l e s of m o l y b d e n i t e a re pho to -
n e g a t i v e in t h a t t h e r e s i s t ance in l i gh t is g r ea t e r t h a n i t is in d a r k n e s s . W. W. Cob­
l en t z f o u n d t h a t t h e t w o o p p o s i n g elt'ects m a y occur s imu l t aneous ly . T h e p h o t o -
pos i t i ve r e a c t i o n occu r s q u i c k l y a n d preva i l s an low vo l t ages . T h e p h o t o n e g a t i v e 
a c t i o n u s u a l l y bu i l d s u p m o r e slowly a n d p r e d o m i n a t e s on h igh vo l t age . I t is 
se lec t ive t o t h e w a v e - l e n g t h of t h e r a d i a t i o n s t i m u l u s , a s well a s t o t h e m a g n i t u d e 
a n d d i r ec t i on for t h e e lec t r i c c u r r e n t t h r o u g h t h e c ry s t a l . T e m p , also affects t h e 
p h e n o m e n o n , a n d u n d e r c e r t a i n cond i t ions , on e x p o s u r e of t h e mo lybden i t e , t h e 
p h o t o n e g a t i v e r e a c t i o n occu r s first followed b y t h e p h o t o p o s i t i v e ac t ion . F o r t h e 
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short wave- length region of the spectrum, extending to about 0-67/LC, the photo­
electric reaction in one sample of molybdeni te passed from purely posit ive on low-
vol tages through intermediate s tages t o an apparently purely negat ive react ion 
on high voltages . Furthermore, this reaction is dependent upon the direction 
of the current through the crystal . On high vol tages a secondary negat ive reaction 
appears t o be present. The recovery after exposure is also unusual . W h e n 
operated on t h e intermediate voltages , on shutt ing off the radiation st imulus , t h e 
negat ive effect still further increases, after which the crystal gradually returns 
to i ts former dark conduct iv i ty . However , at moderate ly low t emp. , —20°, the 
recovery from t h e photonegat ive reaction is irregular, resulting in overshoot ing 
so tha t momentar i ly the apparent resistance is lower than the normal dark resist­
ance. A t a g iven t emp, the region of transition in the spectrum, in which the act ion 
changes from photonegat ive to photoposit ive , is very narrow (less t h a n 9 A. ) . I t 
appears to shift s l ightly toward the short wave- lengths with decrease in t e m p , or 
increase in intens i ty of the radiation. The critical vo l tage is v e r y small . Under 
certain t emp, condit ions an increase of 1 v o l t sufficed t o change a small posi t ive-
negat ive galvanometer deflection of ± 1 cm. into a pure negat ive deflection of 
perhaps —25 cms. Wi th decrease in temp, the potent ial must be increased in order 
to produce a negat ive reaction. 8. L. Martin, and D . S. Steinberg also discussed 
the photoelectric effect. 

Molybdenite not only shows a photoelectric change in resistance when subjected 
to an impressed e.m.f. and exposed t o thermal radiation ; b u t i t shows an act ino-
electric effect in that an e.m.f. m a y be manifested w h e n i t i s exposed to thermal 
radiation wi thout an impressed e.m.f. The actinoelectrical phenomenon is more 
c o m m o n than is the photoelectric effect ; occurring in both the high and t h e low 
resistance classes of molybdenite . The intrinsic sens i t iv i ty of the actinoelectric 
reaction seems to be the highest in the low-resistance class of molybdeni te , which 
is just the opposite of the photoelectric reaction. B o t h effects are usual ly observed 
in small spots or loci in the lamina ; and both phenomena m a y be found in the 
same lamina. The actinoelectric e.m.f. of these spots , which are somet imes 
separated b y only 0-5 to 1*5 mm. , m a y be pos i t ive or negat ive . The polarity of 
this e.m.f. does no t appear to have a n y relation wi th the posi t ive and negat ive 
thermal e.m.f. observed at the ends of the sample, connected wi th the copper elec­
trodes. The spectral actinoelectric effect m a y be posi t ive or negat ive , depending 
upon the wave- length of the thermal radiation st imulus, as is the case wi th the 
photoelectric effect. The m a x i m u m of the spectral actinoelectric reaction is pro­
duced by thermal radiation st imuli of wave- lengths be tween 0-65 and 0-9/x. There 
m a y be several such maxima in this spectral region. The material seems t o be 
insensit ive actinoelectrically t o radiation st imuli of wave- lengths greater than 
about IfJL. On the other hand, the m a x i m a of the spectral photoelectric reaction 
in molybdeni te usually occur b e y o n d 0-8/LC ; and t h e sens i t iv i ty ex tends t o 2/JL. 
Moreover, the magni tude of t h e photoelectrical reaction m a y be from 75 t o 100 
t imes greater than the actinoelectrical response. Hence , since t h e former is usual ly 
observed wi th an insensit ive galvanometer t h e actinoelectrical react ion has no effect 
u p o n previously publ ished data on t h e spectraphotoelectrical sens i t iv i ty of mo lyb­
denite . The t ime for at ta ining the m a x i m u m spectral actinoelectric response is 
practical ly instantaneous irrespective of the kind (high or low resistance) of mo lyb­
deni te examined, and of the wave- length of t h e excit ing radiation. On the other 
hand, in the typical , high-resistance, high-photoelectrical sens i t iv i ty class of m o l y b ­
denite , for certain wave- lengths of the exci t ing radiation, the photoelectrical reaction 
requires from one t o several minutes t o a t ta in a m a x i m u m , and twice t h a t t i m e for 
recovery after exposure t o thermal radiation. I n the typica l low-resistance, Io w-
photoelectrical sens i t iv i ty b u t high-actinoelectrical sens i t iv i ty class of molybdeni te , 
t h e spectra-photoelectrical reaction appears t o be instantaneous irrespective of the 
wave- l ength of the radiat ion st imulus . Lowering t h e t e m p , shifts t h e m a x i m u m 
of t h e actinoelectrical reaction toward the short wave- lengths ; b u t th i s shift is 
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much ]ess than obtains in the photoelectric reaction. Lowering the temp, has no 
marked effect upon the intrinsic actinoelectric sensit ivity, as compared with the 
marked increase in photoelectrical sensit ivity observed under similar conditions. 
Increasing the intensi ty of the excit ing radiation appears to produce a more rapid 
response on the short wave- length side than on the long wave- length side of the 
m a x i m u m of the spectral actinoelectric reaction, which is just the reverse of the 
previously observed, spectrophotoelectric reaction under similar conditions. 
A. Verneuil observed the effect of traces of molybdenite on the phosphorescence 
of calcium sulphide. J. O. Perrine found that the fluorescence of molybdenite is 
not exc i ted b y the X-rays . 

H . F . Vieweg found t h a t the frictional electricity developed by molybdenite 
is l ike t h a t developed b y sulphur. F . Beijerinck, and C. Doelter found that the 
electrical conduct iv i ty of molybdeni te a t ordinary t emp, is very small. J. Konigs-
berger and O. Reichenheim observed t h a t as the temp, rises, the conduct ivi ty 
increases. The resistance taken in t h e direction of t h e C-axis was found t o be : 

19-5° 
M . . 2 9 - 0 

and perpendicular to C-axis : 
— 1 8 5 ° 

H . 7 5 0 , 0 0 0 

73° 
1 7 - 2 4 

— 1 4 5 ° 
1 3 , 0 0 0 

9 2 - 5 ° 
1 5 0 

— tt5° 
3 0 6 

4 0 0 c 

3-9 

1 9 ° 
2 9 

750° 
1 1 4 

0 4 ° 
1 0 - 5 

1 0 2 0 ° 
0-751 ohm. 

1 1 3 ° 
6-18 ohm. 

They found t h a t molybdeni te frequently contains inclusions of the mineral chlorite. 
C. Tubandt and M. Haedicke said t h a t molybdeni te conducts like a metal below 200°. 
M. J. Huiz inga ment ioned the presence of a dark blue l iquid on the surface of a 
molybdeni te detector ; W. W. Coblentz noticed t h a t the liquid is exuded from some 
samples when an electric current is passed through them ; and A. T. Waterman, that 
ox idat ion is preceded b y local eruptions of the dark blue liquid. W. W. Coblentz 
suggested tha t the l iquid is the blue, colloidal mo lybdenum oxide described by 
M. Guichard. G. W. Pierce's va lues for the electrical resistance and conduct ivi ty 
of a sample of molybdeni te are p lo t ted in Fig . 3 0 . J . Okubo, O. U. v o n Wilier, 
G. Gottste in , and P . Collet also measured the resistance of molybdenite . F . Streintz 
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found t h a t the compressed powder of molybdenite is a good conductor. C. Tubandt 
and M. Haedicke found t h a t compressed cylinders of mo lybdenum disulphide, 
be tween 200° and 300° behave like metall ic conductors. A. T. Waterman showed 
t h a t t h e resistance of molybdenite is very high with a small applied potential 
difference, but it diminishes rapidly with increasing potential difference. The 
effect is i l lustrated b y F ig . 29 . The effect is partly due to the rise in temp, caused 
b y t h e electric current ; b u t this is probably a minor cause of the phenomenon. 
The diminut ion of resistance wi th increasing potential difference continues uniformly 
up t o a certain potent ial difference, which varies to some extent with different 
spec imens and according t o th e treatment to which they have been subjected : 
a t this point , which will be referred to as " the break/ ' the resistance diminishes 
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suddenly and the mineral conducts , a t a red-heat, wi th a comparat ive ly low resist­
ance. Before the vol tage has been raised sufficiently for the break t o occur the 
resistance diminishes, as has been noted above , with increasing vol tage , whereas 
after the break the resistance diminishes wi th diminishing vol tage . This difference 
m a y be regarded as characteristic of t w o stages , a and /39 of the material which occur 
before and after the break. The phenomenon of the break is reversible, b u t t h e 
rate of change of s tate decreases after long heating. The substance also tends t o 
persist in the s tate in which i t was w h e n t h e current was turned off. The l ight 
sensit ivity becomes inappreciable as the conduct iv i ty of molybdeni te becomes 
metallic. Heat ing the mineral t o redness in a Bunsen flame for several minutes 
reduced the resistance to ^ or J its value, but further heat ing produced practically 
no further effect. The resistance was diminished to about half va lue b y the 
momentary passage of a high vo l tage discharge, as from a small induct ion coil, 
bu t repetition caused no further decrease. The resistance is not affected b y strong 
magnet ic fields. J . Konigsberger invest igated the relation between the electrical 
conduct iv i ty and the l ight-absorption of the crystals ; and P . H. Geiger found 
that if molybdeni te be connected in a closed circuit wi th a galvanometer , and one 
surface of contact be i l luminated, a photoelectric current is generated. J . Weiss 
and J. Konigsberger found that the thermoelectric force of the copper-molybdenite 
couple is 7*27 X 1 0 ~ 4 vo l t per degree of t emp, be tween 20° and 80° ; 7-6OXlO""4 

vo l t be tween 68-7° and 57-0° ; and 7-46 X 1 0 ~ 4 v o l t be tween 57-0° and 45-8°. The 
current flows from the hot junct ion t o the copper. Gr. W . Pierce found the thermo­
electric force of different samples of molybdenite against copper at 20° varied from 
110 t o 175 and from —230 to —75O mill ivolts ; and against lead, from 113 to 178 
and from —227 t o —717 mill ivolts. Wi th the cold junct ion zero, the e.m.f. wi th 
a copper-molybdenite couple was —7-5 mill ivolts with the ho t junction at 1 O l °, 
and —130-0 mill ivolts at 195°. The intermediate values varied linearly wi th 
t emp. O. U. v o n Wilier observed an e.m.f. of 560 microvolts b y passing a current 
from copper to molybdenite t o copper, and the t emp, of the junctions differed b y 
one degree. I n the thermoelectric couple t h e current flowed from copper t o 
molybdenite at the ho t junction. W. Ogawa, and M. Kimura and co-workers 
studied the thermoelectric properties of molybdenite . 

G. Gottstein measured the Hal l effect, and the Ett inghausen effect. G. Gottstein 
found a relatively large difference in the adiabatic and the isothermal Hal l 
effects of molybdenite , but C. W . Heaps found the difference much smaller. 

C. W . Heaps found that there is a decrease in the resistance of molybdeni te 
in a magnet ic field, and the result is l ittle affected by the direction of the field. 
According to I. Hernfeld, in the electrolysis wi th electrodes of metall ic sulphides, 
the following changes occur. (1) In acid soln. : at the anode, the metal is dissolved 
and the sulphur* precipitated or o x i d i z e d ; at the cathode , hydrogen sulphide is 
formed wi th separation of the metal ; (2) in alkaline soln. : at the anode, t h e 
metal forms a hydroxide , and t h e sulphur is oxidized ; at the cathode, t h e meta l 
is precipitated and the sulphur passes into soln. as an ion. I n electrolyzing molyb­
denum disulphide in fused potass ium hydroxide , E . F . Smith found t h a t the sulphur 
is oxidized t o sulphate. W. W . Coblentz, and G. W . Pierce discussed t h e rectifying 
act ion of molybdenite . H . S. Roberts and L . H . Adams , M. J . Huiz inga, and 
E . T. Wherry found molybdenite t o be a fair radio-detector. 

H . Rose found that the disulphide is n o t decomposed b y hydrogen a t a red-
heat ; but O. F . v o n der Pfordten observed t h a t if strongly heated in hydrogen, the 
disulphide is reduced to molybdenum. N . Parravano and G. Malquori showed 
t h a t in the reaction M o S 2 + 2 H 2 ^ 2 H 2 S + M o , log K = l o g ( P H 2 S / ^ H 2 ) , and 

805° 910° 1005* 1100° 
log (/3H2SA^H2) • • —2-235 —2-059 —1-863 —1-319 
Q . . . 77,400 79,2OO 80,0OO 81 f 100 cals . 

According t o J . J. Berzelius, when m o l y b d e n u m disulphide is heated in air, i t 
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forms m o l y b d e n u m t r iox ide a n d su lph ide ; a n d , a s i n d i c a t e d a b o v e , A . T . W a t e r m a n 
f o u n d t h a t t h e o x i d a t i o n of m o l y b d e n i t e is p r eceded b y local e r u p t i o n s of a 
d a r k b lue l iquid . P . H . A . de C le rmon t a n d J . F r o m m e l showed t h a t t h e d i su lph ide 
is n o t d e c o m p o s e d b y w a t e r , b u t H . V. R e g n a u l t sa id t h a t i t is d e c o m p o s e d b y 
s t e a m a t a r e d - h e a t . C W . B l o m s t r a n d obse rved t h a t m o l y b d e n i t e is easi ly 
a t t a c k e d b y ch lor ine , b u t n o t so read i ly b y b r o m i n e ; a n d A. Cossa a d d e d t h a t 
w h e n h e a t e d in ch lor ine , t h e d i su lph ide is comple te ly c o n v e r t e d in to p e n t a c h l o r i d e . 
M. G u i c h a r d sa id t h a t s u l p h u r v a p o u r , a t o rd ina ry press . , does n o t t r a n s f o r m t h e 
d i su lph ide i n t o t r i su lph ide . E . F . S m i t h found t h a t t h e v a p o u r of s u l p h u r m o n o -
chlor ide a t 300° p a r t i a l l y decomposes t h e d i su lph ide . Boil ing vsulphuric ac id , 
sa id J . J . Berze l ius , fo rms s u l p h u r d iox ide a n d a b lue soln ; t h e cold acid h a s v e r y 
l i t t l e ac t ion . W a r m a q u a regia c o n v e r t s i t i n t o mo lybd ic a n d su lphur ic acids ; 
a n d n i t r i c ac id oxidizes i t easi ly . Accord ing t o H . B . N o r t h a n d C. B . Conover , 
m o l y b d e n i t e is n o t a t t a c k e d b y t h i o n y l chlor ide a t 150° t o 175°. If m i x e d wi th 
p o t a s s i u m n i t r a t e a n d d e t o n a t e d , p o t a s s i u m m o l y b d a t e is formed. P . Camboul ives 
found t h a t t h e v a p o u r of c a r b o n t e t r a c h l o r i d e c o n v e r t s a n y ox ide in m o l y b d e n i t e 
i n t o m o l y b d e n u m ch lor ide . E . P e c h a r d found t h a t t h e d i su lph ide is soluble in a 
so ln . of p o t a s s i u m c y a n i d e ; a n d K . v o n de r H e i d e s t ud i ed t h i s r eac t ion . P . B e r t h i e r 
f o u n d t h a t i t is d e c o m p o s e d w h e n h e a t e d t o r edness w i t h l ead oxide . A. Cossa 
found t h a t m o l y b d e n i t e acqu i re s a film of gold w h e n i m m e r s e d in a soln. of gold 
ch lor ide ; a n d in coppe r s u l p h a t e soln. in c o n t a c t w i t h a s t r i p of -zinc, i t slowly 
acqu i r e s a film of copper . 

According to F . Mawrofr and M. NikolofT,2 molybdenum pentasulphide, Mo2S5, 
is o b t a i n e d as a trihydratey M o 2 S 5 . 3 H 2 O , b y r educ ing w i t h z inc a soln. of a m m o n i u m 
m o l y b d a t e , c o n t a i n i n g m o r e t h a n 2O pe r cen t , of su lphur i c ac id , u n t i l t h e colour 
is d a r k r ed , a n d t h e n d i lu t i ng , f i l tering, a n d s a t u r a t i n g w i t h h y d r o g e n su lph ide . 
T h e p r e c i p i t a t e is col lec ted a n d w a s h e d w i t h h o t w a t e r a n d t h e n wi th alcohol . I t 
is t h e n s h a k e n r e p e a t e d l y w i t h c a r b o n d i su lph ide , w a s h e d w i t h e the r , a n d dr ied 
a t 68°—75°. O n e rnol. of w a t e r is los t a t 135°—140°, b u t fu r the r h e a t i n g causes decom­
pos i t i on . T h e h y d r a t e d su lph ide dissolves in w a r m soln. of a lkal i su lphides t o 
g ive b r i g h t r e d soln. depos i t ing a n o r a n g e p r e c i p i t a t e on cooling. I t dissolves w i th 
difficulty, b u t comple t e ly , in w a r m cone, hydroch lo r i c ac id . Careful h e a t i n g in 
c a r b o n d iox ide gives t h e a n h y d r o u s su lph ide , M o 2 S 5 , wh ich is a l m o s t b lack . W h e n 
t h e h y d r a t e d c o m p o u n d is h e a t e d in h y d r o g e n su lph ide , a n e x c h a n g e of w a t e r for 
h y d r o g e n su lph ide t a k e s p lace , a n d t h e he7nitrisuljphohydrate9 2 M o 2 S 5 . 3 H 2 S , is 
fo rmed . 

J . J . Berze l ius 3 p r e p a r e d m o l y b d e n u m trisulphide, MoS 3 , b y s a t u r a t i n g a 
soln. of a n a lka l i m o l y b d a t e w i t h h y d r o g e n su lph ide , or b y dissolving m o l y b d e n u m 
t r i ox ide in a soln. of a n a lka l i su lph ide or a m m o n i u m su lph ide , a n d decompos ing 
t h e s u l p h o m o l y b d a t e so f o r m e d b y dil . hydroch lo r i c or su lphur ic acid. T h e redd i sh -
b r o w n , ge l a t i nous p r e c i p i t a t e becomes d a r k b r o w n w h e n dr ied . The p rec ip i t a t e 
m a y c o n t a i n some a d m i x e d s u l p h u r or mo lybd ic acid . A. A t t e r b e r g sa id t h a t 
w h e n p r e c i p i t a t e d f rom cold soln. , t h e p r ec ip i t a t e is more s l imy, m o r e easi ly oxidized, 
a n d less eas i ly w a s h e d t h a n w h e n o b t a i n e d from h o t soln. R . F . W e i n l a n d a n d 
F . S o m m e r f o u n d t h a t in o r d e r t o ge t a t r i su lph ide of a h igh degree of p u r i t y i t is 
neces sa ry t o s t a r t f rom a p u r e s u l p h o m o l y b d a t e . The p rec ip i t a t i on of m o l y b d e n u m 
a s t r i s u l p h i d e , b y p a s s i n g h y d r o g e n su lph ide i n t o a cold, ac id soln. of molybd ic 
ac id , is i n c o m p l e t e , h e a t is necessa ry ; a n d if t h e soln. , s a t . w i t h h y d r o g e n sulphide , 
is h e a t e d in a c losed vessel for a long t i m e a t 100°, t h e m o l y b d e n u m is p rec ip i t a t ed 
q u a n t i t a t i v e l y a s t r i s u l p h i d e p rov ided t h e r i g h t p r o p o r t i o n of ac id be p re sen t in 
t h e so ln . Th i s s u b j e c t w a s discussed a b o v e in connec t ion w i t h t he ana ly t ica l 
r e a c t i o n s of m o l y b d e n u m . J . Mi lbauer found t h a t t h e t r i su lph ide is t he one p ro ­
d u c e d b y t h e a c t i o n of p o t a s s i u m t h i o c y a n a t e on m o l y b d e n u m oxide a t a high t e m p . 
Li. Moser a n d M. B e h r , E . W e n d e h o r s t , a n d b y L . D e d e a n d T. Becke r ob ta ined t h e 
compound in t h i s m a n n e r . J . J . Berzelius obse rved t h a t t h e m o l y b d e n u m t r i su l ­
p h i d e m a y appear as a colloidal soln., for he said t h a t t h e su lph ide is s o m e w h a t soluble 
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in w a t e r , p a r t i c u l a r l y h o t w a t e r , f o rming a d a r k yel low soln. , a n d t h i s is p r o b a b l y t h e 
p e p t i z e d t r i su lph ide . C. Winss inge r s t u d i e d t h e p r o p e r t i e s of col loidal m o l y b d e n u m 
t r i s u l p h i d e . J . J- Berze l ius s h o w e d t h a t w h e n h e a t e d t o a h i g h t e m p . , t h e t r i su l -
p h i d e passes i n t o t h e d i su lph ide . Gr. P r e u n e r a n d I . B r o c k m o l l e r m e a s u r e d t h e v a p . 
press , of su lphur , p m m . , f rom t h e t r i s u l p h i d e for t e m p , b e t w e e n 450° a n d 500° , a n d 
N . P a r r a v a n o a n d G. Malquor i , b e t w e e n 390° a n d 450° : 

355° 390° 418° 450° 475° 480° 500° 
p . . 4 0 28-8 178-6 (80) 25O 313 980 

M. W a s j u c h n o w a g a v e 34 m m . a t 450° ; 195 m m . a t 475° ; 255 m m . a t 480° ; a n d 
560 m m . a t 500° ; whi le E . T . Al len a n d R . H . L o m b a r d g a v e 31 m m . a t 450° a n d 
170 m m . a t 475° . Accord ing t o O. F . v o n d e r P f o r d t e n , t h e t r i s u l p h i d e is r e d u c e d 
t o m e t a l w h e n h e a t e d t o a h igh t e m p , i n h y d r o g e n . As s h o w n b y E . Col le t t a n d 
M. Ec l r a rd t , w h e n t h e su lph ide is r o a s t e d t o t r a n s f o r m i t i n t o t r i o x i d e , t h e r e is a 
t e n d e n c y for smal l pa r t i c l e s t o b e p r o j e c t e d v io l en t ly f rom t h e crucib le , a n d also 
a t e n d e n c y for some of t h e ox ide t o b e los t b y vo la t i l i za t ion . T h e t r i s u l p h i d e , 
sa id J . J . Berze l ius , dissolves in cone . soln . of p o t a s s i u m h y d r o x i d e p a r t i a l l y a s 
o x y s u l p h o m o l y b d a t e . E . Eeigl , a n d O. Huff a n d B . H i r s c h d iscussed t h e associa­
t i o n of s u l p h u r wi th t h e t r i su lph ide , MoS 3 .Sn . w h e r e t h e s u l p h u r is n o t r e m o v e d 
b y c a m p h o r b r o m i d e . M o l y b d e n u m t r i su lph ide u n i t e s w i t h bas ic m e t a l su lph ides 
t o fo rm s u l p h o m o l y b d a t e s , 112'MoS4-—vide infra. 

J . J . Berzel ius 4 s t a t e d t h a t m o l y b d e n u m forms n o t on ly d i - a n d t r i - su lph ides , 
b u t also m o l y b d e n u m tetrasulphide, MoS 4 , wh ich h e p r e p a r e d a s follows : 

A soln. of po tass ium paramolybdate is sat . w i th hydrogen sulphide a n d the nearly 
black l iquid is boiled for some hours in a retort t o drive off hydrogen sulphide . T h e cold 
soln. i s filtered, and the black powder of m o l y b d e n u m disulphide is separated from t h e 
heavier scaly crystals of a c o m p o u n d of the tetrasulphide a n d po tas s ium sulphide, as well 
as possible, b y lev igat ion. T h e salt of t h e tetrasurphide is col lected on a filter, and w a s h e d 
wi th cold water unti l the wash ings no longer g ive a blackish-brown, b u t rather a red, 
precipitate w i th hydrochloric acid. The red sca ly crystals on the filter are treated -with 
boi l ing water which leaves insoluble red m o l y b d e n u m disulphide, a n d a dark red soln . 
The soln. is treated wi th an excess of hydrochloric acid, a n d t h e precipi tated m o l y b d e n u m 
tetrasulphide "washed wi th water . 

G. Xr i i ss p r e p a r e d t h e t e t r a s u l p h i d e b y m e l t i n g m o l y b d i c ac id w i t h p o t a s s i u m 
c a r b o n a t e , e x t r a c t i n g t h e m e l t wi th w a t e r , a n d pas s ing h y d r o g e n su lph ide i n t o t h e 
soln. w h e n h e a t e d t o t h e b . p . A b l ack p o w d e r t o g e t h e r 'with a c rys t a l l ine s u b s t a n c e 
s e p a r a t e s o u t . Th i s m i x e d m a t e r i a l is w a s h e d first w i t h cold w a t e r , t h e n w i t h h o t 
w a t e r t o dissolve o u t t h e m o l y b d e n u m di - a n d t r i - su lph ides , a n d t h e r e s u l t a n t 
choco la t e -b rown p o w d e r is h e a t e d in a c u r r e n t of h y d r o g e n su lph ide u n t i l i t s w e i g h t 
is c o n s t a n t . J . J . Berze l ius sa id t h a t t h e t e t r a s u l p h i d e , w h e n freshly p r e p a r e d , 
is d a r k red , a n d t r a n s l u c e n t ; i t sh r inks cons ide rab ly w h e n dr ied , fo rming a g rey , 
g r a n u l a r m a s s w h i c h is c i n n a m o n - b r o w n w h e n g r o u n d u p t o p o w d e r w i t h w a t e r . 
G. Kr i i s s sa id t h a t t h e p o w d e r is v e r y hygroscop ic ; J . J . Berze l ius a d d e d t h a t 
i t is n o t d e c o m p o s e d b y w a t e r or b y ac ids . Acco rd ing t o G. Kr t i s s , w h e n t h e 
t e t r a s u l p h i d e is oxid ized b y chlor ine or b r o m i n e in a lka l ine soln. , a lka l i s u l p h a t e 
a n d m o l y b d a t e a r e fo rmed . Boi l ing s u l p h u r i c ac id fo rms a redd ish-ye l low l iqu id 
which depos i t s s u l p h u r a n d e m i t s s u l p h u r d iox ide . F o r t h e o b s e r v a t i o n of F . Fe ig l , 
a n d of O. Ruff a n d B . H i r s ch , vide supra. Soln . of a lka l i su lph ides dissolve t h e 
t e t r a s u l p h i d e , forming s u l p h o m o l y b d a t e s , R 2 ' M o S 5 . 
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§ 24. Sulphomolybdates and Oxysulphomolybdates 
As ind ica ted in connec t ion w i t h m o l y b d e n u m t r i su lph ide , J . J . Berze l ius x 

p r e p a r e d a series of s u l p h o m o l y b d a t e s , R 2 ' M o S 4 , b y t h e u n i o n of a mo l of a bas i c 
m e t a l su lph ide w i t h a mol of m o l y b d e n u m t r i su lph ide . A m o l of t h e bas ic s u l p h i d e 
m a y also u n i t e w i th t w o or t h r e e m o l s of m o l y b d e n u m su lph ide fo rming r e spec ­
t ive ly R 2

7 Mo 2 S 7 , a n d R 2 ' M o 3 S 1 0 . T h e soluble s u l p h o m o l y b d a t e s a r e p r e p a r e d 
b y t h e ac t ion of h y d r o g e n su lph ide on soln. of t h e m o l y b d a t e s ; or b y t h e a c t i o n 
of t h e soluble su lphides on m o l y b d e n u m t r i su lph ide . T h e insoluble s u l p h o ­
m o l y b d a t e s a re formed b y a d d i n g a soln. of t h e a lka l i or a lka l ine e a r t h s u l p h o -
m o l y b d a t e t o a soln. of t h e m e t a l sa l t . A. W e r n e r r e p r e s e n t e d t h e f o r m a t i o n of 
t h e s u l p h o m o l y b d a t e , K 2 [MoS 4 ] , b y t h e e q u a t i o n : 

S - M o + S K 2 ) i.e.X SMoS IK2 

J . J . Berzel ius p r e p a r e d a m m o n i u m su lphomolybdate , (NH 4 J 2 MoS 4 , b y e v a p o r a t i n g 
a soln. of a m m o n i u m m o l y b d a t e sa t . w i t h h y d r o g e n su lph ide ; b y e v a p o r a t i n g a 
soln. of rnolybdic ac id in a m m o n i u m su lph ide ; b y d issolv ing freshly p r e c i p i t a t e d 
m o l y b d e n u m t r i su lph ide in a m m o n i u m su lph ide , a n d a d d i n g a lcohol , or e v a p o r a t i n g 
t h e l iqu id . G. Kr i i s s dissolved 5 g r m s . of a m m o n i u m p a r a m o l y b d a t e in 15 c.c . 
of w a t e r , a d d e d 50 c.c. of aq . a m m o n i a of s p . gr . 0-94, p a s s e d h y d r o g e n s u l p h i d e 
i n t o t h e l iqu id which b e c a m e * yel low, a n d t h e n d e e p red , a n d , i n a b o u t 
half a n hour , t h e l iqu id depos i t ed b lood- red , t a b u l a r c ry s t a l s w i t h a g reen 
s h i m m e r . Accord ing t o C. v o n Haushofe r , t h e r h o m b i c b i p y r a m i d s h a v e t h e a x i a l 
r a t i o a ib'. c=-0-7846 : 1 : 0 5 6 9 2 . F r o m J . W . R e t g e r s ' , a n d H . V a t e r ' s obse rva ­
t ions , t h e s u l p h o m o l y b d a t e s a n d s u l p h o t u n g s t a t e s a r e i s o m o r p h o u s . G. Kr i i s s 
sa id t h a t t h e c rys t a l s become m a t t a n d d a r k v io le t in a i r ; a n d J . J . Berze l ius 
sa id d a r k b r o w n . T h e y decompose a t 100° losing some a m m o n i u m su lph ide . 
T h e c r y s t a l s a r e freely soluble in wa te r , a n d spa r ing ly soluble i n a lcohol . There 
is a loss of a m m o n i u m su lph ide w h e n t h e a q . soln. is e v a p o r a t e d . Acco rd ing t o 
R . F e r n a n d e s , a m m o n i u m s u l p h o m o l y b d a t e is s t ab l e in a n a t m . of a m m o n i a ; b u t 
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w h e n i t is exposed t o a i r , i t g ives off a m m o n i a a n d b e c o m e s d a r k g reen , d a r k violet , 
a n d finally b l a c k ; a n d i t a b s o r b s w a t e r . If w a s b e d a t t h i s s t age , i t fo rms a d a r k red , 
microcrystalline ammonium parasulphomolybdate, (NH4J5H6[H2(MoS4)O]-IOH2O, 
w h i c h is s t ab l e in a i r , a n d i n a soln. of a m m o n i u m s u l p h o m o l y b d a t e , b u t is decom­
posed b y boi l ing w a t e r i n t o a m m o n i a , h y d r o g e n su lph ide , a n d m o l y b d e n u m t r i -
su lph ide . T h e f o r m a t i o n of t h e p a r a s u l p h o m o l y b d a t e is r e p r e s e n t e d b y t h e 
e q u a t i o n : 6 ( N H 4 ) 2 M o S 4 = 7 N H 3 + ( N H 4 ) 6 H 5 [ H 2 ( M o S 4 ) 6 ] . I t is also fo rmed b y 
s a t u r a t i n g w i t h h y d r o g e n su lph ide a n ice-cold, cone . soln. of a m m o n i u m s u l p h o ­
m o l y b d a t e , or b y k e e p i n g a w a r m a q . soln. of a m m o n i u m s u l p h o m o l y b d a t e for 
severa l d a y s . W h e n a cone . soln. of a m m o n i u m s u l p h o m o l y b d a t e is h e a t e d for 
4 t o 5 h r s . o n a w a t e r - b a t h , a ma roon -co lou red , microcrys ta l l ine p r e c i p i t a t e of 
ammonium trisulphomolybdate, (NH4)^H6[H2(MoS4)C]. 16H2O, separates. The 
guanidine sulphomolybdate, G u 2 M o S 4 , w a s o b t a i n e d in d a r k r e d c ry s t a l s ; a n d also 
guanidine parasulphomolybdate, G u 5 H 5 [ H 2 ( M o S 4 ) 6 ] . 8 H 2 0 , in d a r k red c rys t a l s . 
These s u l p h o m o l y b d a t e s a r e r e l a t i ve ly s t ab l e ; a re n o t v e r y soluble in w a t e r ; 
a n d a re d e c o m p o s e d w h e n boi led w i t h w a t e r . H y d r o g e n su lph ide is evo lved w h e n 
t h e sa l t s a r e t r e a t e d w i t h ac ids . I t is s u p p o s e d t h a t t he se sa l t s a re de r iva t i ve s 
of a h y p o t h e t i c a l ac id , 6 H 2 S = H 1 0 [ H 2 S 6 ] . 

J . J . Berze l ius p r e p a r e d l i t h i u m su lphomolybdate , L i 2 M o S 4 . w H 2 0 , as a n 
a m o r p h o u s d a r k r e d m a s s b y e v a p o r a t i n g a n a q . soln . of t h e c o m p o n e n t s . I t also 
fo rms a c o m p l e x w i t h m o r e t h a n one mol . of m o l y b d e n u m t r i su lph ide . D a r k r ed 
c rys t a l s of s o d i u m s u l p h o m o l y b d a t e , N a 2 M o S 4 , were s imi la r ly p r e p a r e d , as well 
a s of s o d i u m su lphodimolybdate , Na 2 Mo 2 S 7 -WH 2 O. R . F e r n a n d e s could n o t p re ­
p a r e sodium trisulphomolybdate, N a 4 H 6 [ H 2 ( M o S 4 J 6 ] , ana logous t o t h e a m m o n i u m 
sa l t . J . J . Berze l ius p r e p a r e d p o t a s s i u m su lphomolybdate , K 2 M o S 4 , b y h e a t i n g 
t o b r i g h t r edness a m i x t u r e of m o l y b d e n u m d i su lph ide , p o t a s s i u m c a r b o n a t e , 
s u l p h u r , a n d a l i t t l e p o w d e r e d cha rcoa l ; e x t r a c t i n g t h e cold m a s s w i t h w a t e r ; 
e v a p o r a t i n g t h e a q . soln. ; a n d pur i fy ing t h e p r o d u c t b y a d d i n g a lcohol t o t h e 
a q . soln. T h e sa l t is also fo rmed b y d iges t ing m o l y b d e n i t e w i th a soln. of p o t a s s i u m 
p e n t a s u l p h i d e ; a n d b y e v a p o r a t i n g a soln. of p o t a s s i u m m o l y b d a t e , s a t u r a t e d 
w i t h h y d r o g e n su lph ide . G. Kr i i s s o b t a i n e d i t b y s a t u r a t i n g w i t h h y d r o g e n su lph ide 
a soln. of 5 g r m s . of p o t a s s i u m m o l y b d a t e in 10 c.c. of w a t e r a n d 50 c.c. of p o t a s h -
lye of s p . gr . 1-44 t o 1-48, a n d a l lowing t h e soln. t o s t a n d s o m e t i m e for c rys ta l l iza­
t i o n . C. F . R a m m e l s b e r g sa id t h a t t h e r h o m b i c b i p y r a m i d s h a v e t h e ax ia l r a t io s 
a : b : c = 0 - 7 6 5 1 : 1 : 0-5721. C V o n H a u s h o f e r sa id t h a t t h e d a r k r e d c rys ta l s 
a r e i s o m o r p h o u s w i t h t h o s e of t h e a m m o n i u m sa l t . Accord ing t o J . J . !Berzelius, 
w h e n h e a t e d o u t of c o n t a c t w i t h a i r t h e sa l t b e c o m e s g r e y ; a b o u t o n e - t h i r d r e m a i n s 
u n d e c o m p o s e d a t a w h i t e - h e a t , a n d t h e r e m a i n d e r fo rms a m i x t u r e of p o t a s s i u m 
su lph ide a n d m o l y b d e n u m d i su lph ide . Gr. Kr i i s s a n d H . Solereder found t h a t 
h y d r o g e n r educes t h e s a l t t o a m i x t u r e of p o t a s s i u m su lph ide a n d m o l y b d e n u m . 
J . J . Berze l ius f o u n d t h a t t h e sa l t i s so lub le in w a t e r fo rming a ye l lowish-red soln. 
f rom -which a lcohol p r e c i p i t a t e s t h e sa l t a s a c i n n a b a r r ed p o w d e r which t h e n forms 
sca ly c rys t a l s . If t h e a q . soln . of t h e s u l p h o m o l y b d a t e s a r e boi led in closed vessels, 
t h e y depos i t m o l y b d e n u m d i su lph ide a n d a c o m p l e x w i th t h e t e t r a s u l p h i d e (q.v.) 
g iv ing off a t t h e s a m e t i m e h y d r o g e n su lph ide . T h e cone. a q . soln. a r e fairly s t ab l e 
in air , p r o v i d e d a n excess of m o l y b d e n u m t r i su lph ide is p r e s e n t ; b u t if t h e a lkal i 
su lph ide p r e d o m i n a t e s , or if free a lka l i b e p re sen t , or if t h e soln. is di l . , t h e soln. 
g r a d u a l l y d a r k e n s fo rming a c o m p o u n d w i t h a n excess of m o l y b d e n u m t r i su lph ide . 
T h i s c o m p o u n d s lowly d e c o m p o s e s w i t h t h e s e p a r a t i o n of m o l y b d e n u m t r i su lph ide , 
a n d t h e s u p e r n a t a n t l i q u o r c o n t a i n s c o m p o u n d s of t h e a lka l i w i t h s u l p h u r acids , 
w i t h m o l y b d i c ac id , a n d w i t h t h e b lue ox ide of m o l y b d e n u m . Acids a d d e d to t h e aq . 
soln . p r e c i p i t a t e m o l y b d e n u m t r i su lph ide w i t h t h e l i be ra t i on of h y d r o g e n su lphide . 
M e t a l ox ides wh ich r e a d i l y p a r t w i t h t he i r o x y g e n fo rm i n t h e aq . soln. a n a lkal i 
m o l y b d a t e a n d a m e t a l su lph ide which e n t e r s i n t o c o m b i n a t i o n wi th t h e undecom­
posed m o l y b d e n u m t r i s u l p h i d e . J . J . Berze l ius p r e p a r e d po tass ium su lpho-
dimolybdate* K 2 M o 2 S 7 , a s a d a r k g rey s u b s t a n c e , on a d d i n g a minera l acid, o r 
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preferably acetic acid, to an aq. soln. of the normal sulphomolybdate, and 
evaporating the brown liquid. The brown powder dissolves slowly in cold water, 
and rapidly in boiling water. The aq. soln. with an aluminium salt liberates 
hydrogen sulphide and precipitates molybdenum trisulphide and aluminium 
hydroxide ; and similarly also with titanium salts. R. Fernandes prepared 
potassium parasulphomolybdate, K5H5[H2(MoS4)6;].16H20 ; but he could not 
obtain potassium tristilpkomolybdate, K4H6[H2(MOS4)OJ, analogous to the correspond­
ing ammonium salt. GL Kriiss obtained crystals of potassium orthosulphodi-
molybdate, 3K2S.2MoS3, 

from a soln. of 5 grms. of potassium molybdate in 10 c.c. of water and 60 c.c. of 
potash-lye, of sp. gr. 1-53-1-56, sat. with hydrogen sulphide, by allowing it to 
stand for crystallization. The orange-red plates were thought by C. von Haushofer 
to be rhombic. They decompose after some time to form the normal sulphomolyb­
date. The salt is freely soluble in water, but insoluble in alcohol and ether. The 
aq. soln. decomposes slowly in air, and it gives a pale lemon-yellow precipitate 
with a barium salt ; brownish-yellow with a manganous salt ; olive-green with a 
cadmium salt ; and dark brown with a uranyl salt. G. Kriiss prepared caesium 
sulphomolybdate, Cs2MoS4, in red needles. 

J. J. Berzelius obtained cupric sulphomolybdate, CuMoS4, as a dark brown 
precipitate ; silver sulphomolybdate, Ag2MoS4, as a black precipitate; and gold 
sulphomolybdate, Au2(MoS4)3, as a black powder. By boiling barium disulphide 
with water and an excess of molybdenum trisulphide, and cooling the filtered 
soln., J. J. Berzelius obtained barium sulphotrimolybdate, BaS.3MoS3, in brownish-
red crystals. The salt is easily attacked by dil. hydrochloric acid, but not by the 
cone, acid, precipitating molybdenum trisulphide. The evaporation of the mother-
liquor gives barium sulphomolybdate, BaMoS4. G. Kriiss obtained barium ortho-
sulphodimolybdate, 3BaS.2MoS3, from the potassium salt as indicated above. 
J. J. Berzelius obtained, as in the case of the corresponding barium salts, strontium 
sulphotrimolybdate, SrS.3MoS3 ; strontium sulphomolybdate, SrMoS4 ; calcium 
sulphotrimolybdate, CaS.3MoS3 ; calcium sulphomolybdate, CaMoS4; beryllium 
sulphomolybdate, BeS.3MoS3 ; and magnesium sulphotrimolybdate, MgS.3MoS3. 
F. Rodolico obtained a complex with hexamethylene tetramine, X, 
MgMoS4(X).10H2O. J. J. Berzelius prepared zinc sulphomolybdate, ZnMoS4; 
and cadmium sulphomolybdate, CdMoS4. G. Kriiss also obtained cadmium ortho-
disulphomolybdate, 3CdS.2MoS3, from the potassium salt as indicated above. 
J. J. Berzelius prepared mercurous sulphomolybdate, Hg2MoS4, as a brownish-
black precipitate ; and mercuric sulphomolybdate, HgMoS4, as a pale brown pre­
cipitate. J. J. Berzelius did not obtain aluminium sulphomolybdate, because 
the precipitate was hydrolyzed to aluminium hydroxide ; but he obtained a soln. 
of yttrium sulphomolybdate, which precipitated yttrium hydroxide in a few hours. 
A black precipitate of stannous sulphomolybdate, and a brown precipitate of 
stannic sulphomolybdate were obtained; likewise also with lead sulpho­
molybdate. 

For the arsenic sulphomolybdates, vide the sulpharsenates. J. J. Berzelius , 
obtained bismuth sulphomolybdate, Bi2(MoS4)3, as a dark brown precipitate. 

L. Fernandes prepared some complex sulphomolybdatovanadates or sulpho-
vanadatomolybdates with guanidine, Gu, thallium, and ammonium. Thus 
ammonium sulphovanadatomolybdate, (NH4J3H5[H2(MOS4U(VSO)OIIOH9O • 
(NH4)5H2[H2(MoS4)3(VS3)33.12H20 ; ( N H 4 ) 5 H [ H 2 $ ^ 
sulphovanadatomolybdate, Tl5H[H2(MoS4)2(VS3)4].60H2O; and also guanidine 

??J^^£tom°^^ Tl5H2[H2(MoS4)S-
(VSg)3]^H2O; andjTl5H[H2(MoS4)2(VS3)2].15H20. J. J. Berzelius prepared 
chromic sulphomolybdate, as a dark brown precipitate ; uranyl sulphomolybdate, 
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a s a d a r k b r o w n p r e c i p i t a t e ; a n d G. Kr i i ss o b t a i n e d a d a r k b r o w n u r a n y l sa l t 
co r r e spond ing w i t h 3 K 2 S . 2 M o S 3 . J . J . Berzel ius o b t a i n e d m a n g a n o u s su lpho­
molybdate a s a b rownish-ye l low p rec ip i t a t e , a n d a p o l y s u l p h o m o l y b d a t e a s a d a r k 
r e d p o w d e r ; a n d G. Kr i i s s o b t a i n e d a brownish-ye l low m a g n a n e s e s a l t cor re ­
s p o n d i n g wi th 3 K 2 S . 2 M o S 3 . J . J . Berzel ius p r e p a r e d ferrous su lphomolybdate 
a s a rus t -ye l low p o w d e r ; ferric su lphomolybdate , a s a d a r k b r o w n p o w d e r ; cobalt 
su lphomolybdate , a s a b rown i sh -b l ack p rec ip i t a t e ; n icke l su lphomolybdate , a s 
a d a r k b r o w n p r e c i p i t a t e ; a n d p l a t i n u m sulphomolybdate , as a b rownish -b lack 
p r ec ip i t a t e . 

I n t h e course of t h e p r e p a r a t i o n of m o l y b d e n u m t e t r a su lph ide , G. Kr i i ss o b t a i n e d 
a b lood- red l iqu id wh ich fu rn i shed c rys t a l s of t h e compos i t ion K H M o S 6 . W h e n a 
soln. of t h i s s a l t is t r e a t e d w i t h di l . hyd roch lo r i c o r , b e t t e r , ace t ic acid, p e r m o n o -
SUlpnomolybdic acid, H 2 M o S 5 , is p r e c i p i t a t e d . Th i s is w a s h e d successively w i t h 
cold air-free w a t e r , a lcohol , e the r , c a r b o n d i su lph ide , a n d water-f ree e the r , a n d 
dr ied in v a c u o over su lphur i c ac id . T h e p r o d u c t loses h y d r o g e n su lph ide w h e n 
w a r m e d in a closed vessel , a n d a t 140°, i t passes i n t o m o l y b d e n u m t e t r a s u l p h i d e . 
Tt is insoluble in wa te r , a lcohol , e the r , a n d ace t i c ac id ; w i t h boil ing cone, h y d r o ­
chlor ic ac id , h y d r o g e n su lph ide is evo lved ; ho t , cone , su lphur i c ac id forms a redd i sh -
yel low l iqu id which depos i t s s u l p h u r a n d gives oif s u l p h u r d iox ide ; i t forms a 
yel low l iquid w i t h w a r m alkal i - lye ; p o t a s s i u m h y d r o s u l p h i d e forms K H M o S 5 ; 
a n d j jo tass ium su lph ide , K 2 M o S 5 . M a n y of t h e permonosu lphomolybdates , 
R 2 ^ o S 5 , r e p o r t e d b y J . J . Berze l ius m a y b e o x y s u l p h o m o l y b d a t e s . 

J . J . Berzelius prepared ammonium permonosulphomolybdate, (NH4)2MoS5, 
b y d iges t ing m o i s t m o l y b d e n u m t e t r a s u l p h i d e in a soln. of a m m o n i u m su lph ide 
c o n t a i n i n g a n excess of a m m o n i a w h i c h lowers t h e so lubi l i ty of t h e sa l t . The yellow-
p o w d e r becomes d a r k r e d w h e n d r i ed in a i r p r e s u m a b l y owing t o t h e loss of 
a m m o n i u m su lph ide . T h e sa l t is s p a r i n g l y soluble in cold w a t e r ; freely soluble 
in h o t w a t e r ; a n d insoluble in a q . a m m o n i a . J . J . Berzel ius o b t a i n e d l i th ium 
permonosu lphomolybdate , L i 2 M o S 5 , as a pa le yel low crys ta l l ine p o w d e r ; sod ium 
permonosu lphomolybdate , N a 2 M o S 5 , a s a reddish-ye l low p o w d e r ; a n d po tass ium 
permonosu lphomolybdate , K 2 M o S 5 , b y t h e m e t h o d i n d i c a t e d in connec t ion w i t h 
m o l y b d e n u m t e t r a s u l p h i d e , a n d also b y t h e ac t i on of a soln. of p o t a s s i u m su lph ide 
on m o i s t m o l y b d e n u m t e t r a s u l p h i d e . T h e r u b y - r e d p l a t e s or p o w d e r dec r ep i t a t e 
w h e n h e a t e d ; a n d t h e y a r e d e c o m p o s e d i n t o p o t a s s i u m t r i su lph ide a n d m o l y b ­
d e n u m d i su lph ide . T h e sa l t is spa r ing ly soluble in cold w a t e r , b u t m o r e soluble in 
boi l ing w a t e r . T h e h o t soln. is r e d a n d does n o t give a p r e c i p i t a t e on cooling ; 
"with h y d r o c h l o r i c ac id , t h e a q . soln. g ives a p r e c i p i t a t e of m o l y b d e n u m t e t r a ­
su lph ide . T h e sa l t is inso luble in cold p o t a s h - l y e . Accord ing t o G. Kr i i ss , t h e sa l t 
o b t a i n e d in t h e p r e p a r a t i o n of m o l y b d e n u m t e t r a s u l p h i d e (q.v.), a n d cons idered by 
J . J . Berze l ius t o b e K 2 M o S 6 , is rea l ly p o t a s s i u m hydropermonosulphomolybdate , 
K H M o S 5 . I t is also fo rmed b y t h e ac t ion of a soln. of p o t a s s i u m h y d r o s u l p h i d e on 
m o l y b d e n u m t e t r a s u l p h i d e . T h e b lood-red , r h o m b i c p r i sms a re qu ick ly decom­
posed b y moi s t a i r . Mos t m e t a l sa l t soln. give r e d p r e c i p i t a t e s w i t h t h e soln. of t h e 
p o t a s s i u m sa l t . K . A . H o f m a n n ' s ana lys i s of a sa l t m a d e b y mix ing N H 4 M o S 3 
w i t h a soln. of p o t a s s i u m h y d r o s u l p h i d e agreed w i t h t h e fo rmula K M o S 5 . 

J . J . Berze l ius p r e p a r e d copper permonosu lphomolybdate , CuMoS 5 , as &, d a r k 
r ed p r ec ip i t a t e ; d a r k b r o w n s i lver permonosu lphomolybdate , A g 2 M o S 5 ; d a r k 
brown gold permonosulphomolybdate, Au2(MoS5J3 ; yellowish-red barium per­
monosulphomolybdate, BaMoS5 ; scarlet-red calcium permonosulphomolybdate, 
CaMoS5 ; red magnesium permonosulphomolybdate, MgMoS5 ; red zinc permono­
sulphomolybdate, ZnMoS5 ; red cadmium permonosulphomolybdate, CdMoS5 ; 
reddish-brown mercurous permonosulphomolybdate, Hg 2 MoS 5 ; red mercuric 
permonosulphomolybdate, HgMoS 5 ; dark brown stannous permonosulpho­
molybdate ; red stannic permonosulphomolybdate ; dark red lead permono­
sulphomolybdate ; reddish-brown bismuth permonosulphomolybdate ; dark red 
chromic permonosulphomolybdate ; dark red uranyl permonosulphomolybdate ; 
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red manganese permonosulphomolybdate ; red ferrous permonosulphomolybdate ; 
red ferric permonosulphomolybdate ; reddish-brown cobalt permonosulpho­
molybdate ; dark brown nickel permonosulphomolybdate ; and dark red 
platinum permonosulphomolybdate. 

Accord ing t o K . A . H o f m a n n , w h e n a soln. of a m m o n i u m s u l p h o m o l y b d a t e is 
m i x e d w i t h a m m o n i u m p o l y s u l p h i d e , a n d a l lowed t o r e m a i n 24 h r s . , b l a c k need les 
of a m m o n i u m perdisu lphomolybdate , N H 4 M o S 6 - H 2 O , a r e fo rmed , a n d m o r e of t h e 
sa l t is p r e c i p i t a t e d b y a d d i n g a lcohol t o t h e m o t h e r - l i q u o r . T h e s a l t is pur i f ied 
b y wash ing i t success ive ly w i t h w a t e r , a lcohol , e the r , a n d c a r b o n d i su lph ide , a n d 
d r y i n g i t ove r p o t a s s i u m h y d r o x i d e . I t is s p a r i n g l y so lub le in w a t e r , a n d in 
a lcohol . W h e n t r e a t e d w i t h cold, 10 p e r cen t , h y d r o c h l o r i c ac id , perd i su lpho-
molybd ic ac id , H M o S 6 , is depos i t ed . I t is w a s h e d w i t h c a r b o n d i su lph ide . If 
t h e a m m o n i u m sa l t is t r e a t e d w i t h a 10 p e r c e n t . soln . of p o t a s s i u m h y d r o x i d e for 
24 h r s . a t o r d i n a r y t e m p . , d a r k b r o w n leaflets of p o t a s s i u m perdisu lphomolybdate , 
K M o S 6 , a r e fo rmed . T h e p o t a s s i u m sa l t is m o r e so lub le t h a n t h e a m m o n i u m sa l t . 
B l a c k insoluble p r i sms of caes ium perdisu lphomolybdate , CsMoS 6 , a r e s imi la r ly 
o b t a i n e d ; a n d l ikewise b lack , insoluble p r i s m s of tha l l ium perdisu lphomolybdate , 
TlMoS 6 . 

F . Kodol ico 2 p r e p a r e d m a g n e s i u m oxyitxisulphomolybdate in a s soc ia t ion wi th 
h e x a r n e t h y l e n e t e t r a m i n e , M g M o S 3 0 . 2 X V 1 O H 2 O. Acco rd ing t o H . t e r Meulen , if 
s o d i u m su lph ide a c t s on m o l y b d e n u m oxych lo r ide in a b s o l u t e a lcohol m o l y b d e n u m 
dioxysulphide , M o O 2 S , is fo rmed . H* T>ebray p r e p a r e d golden-ye l low need les of 
a m m o n i u m d ioxydisu lphomolybdate , ( N H 4 ) 2 M o 0 2 S 2 , b y t r e a t i n g a cone . soln. of 
a m m o n i u m m o l y b d a t e w i t h a m m o n i u m su lph ide a t a low t e m p . L . B o d e n s t a b 
o b t a i n e d i t b y s a t u r a t i n g w i t h h y d r o g e n su lph ide a s t r o n g a m m o n i a c a l soln. of 
a m m o n i u m m o l y b d a t e c o n t a i n i n g m u c h a m m o n i u m chlor ide . T h e r e d p r i s m s 
were w a s h e d w i t h a q . a m m o n i a a n d d r i ed over s u l p h u r i c ac id . G. Kr i i s s o b t a i n e d 
golden-yel low, monocl in ic need le s of t h e sa l t b y pas s ing h y d r o g e n su lph ide i n t o a 
soln . of 5 g r m s . of a m m o n i u m p a r a m o l y b d a t e in 15 c.c. of w a t e r a n d 25 c.c. of 
a m m o n i a of sp . gr . O96, , a t 6° . T h e c rys t a l s w h i c h s e p a r a t e i n a b o u t a q u a r t e r of 
a n h o u r a r e w a s h e d w i t h cold w a t e r , t h e n w i t h a lcohol , a n d d r i e d i n v a c u o . T h e 
ye l low c rys t a l s r e d d e n on e x p o s u r e t o a i r . G. Kr i i s s a n d H . Sole reder r e d u c e d t h e 
s a l t t o m o l y b d e n u m b y h e a t i n g i t in h y d r o g e n . G. Kr i i s s f o u n d t h a t t h e s a l t is 
so luble in w a t e r ^ spa r ing ly soluble in a lcohol ; a n d inso luble in e t h e r a n d c a r b o n 
d i su lph ide . J ^ / B o d e n s t a b a d d e d t h a t t h e c ry s t a l s a r e spa r ing ly soluble in cold 
w a t e r , a n d frafely soluble in boi l ing w a t e r ; inso lub le in a lcohol , a n d in a s a t . so ln . 
of a m m o n i y f n ch lor ide . T h e a q . soln. d e c o m p o s e s w h e n boi led . DiI . h y d r o 
chlor ic acud p r e c i p i t a t e s m o l y b d e n u m t r i s u l p h i d e f rom t h e a q . soln. w i t h o u t g iv ing 
off h y d r o g e n su lph ide : 3 ( N H 4 J 2 M o O 2 S 2 + 6 H C l = 2 M o S 3 + M o O 3 + 6 N H 4 C l + 3 H 2 O . 
A c c o r d i n g t o H . t e r Meulen , if ace t i c ac id is u s e d in p l ace of h y d r o c h l o r i c t o d e c o m ­
pose , t i ie d i t h i o m o l y b d a t e , s t ab l e col loidal soln. of t h e t r i s u l p h i d e a r e o b t a i n e d . 
T h e fusion of s o d i u m c a r b o n a t e a n d t h e t r i s u l p h i d e o r t e t r a t h i o m o l y b d a t e a lso 
y ie lds t h e d i t h i o c o m p o u n d s , M o S 3 + 2 N a 2 C 0 3 = N a 2 M o 0 2 S 2 + N a 2 S + 2 C 0 2 . Cold, 
cone, su lphu r i c ac id dissolves t h e sa l t , t h e soln . g r a d u a l l y d a r k e n s in co lour , a n d 
t h e b rownish-ye l low soln. b e c o m e s g reen . P r e c i p i t a t e s a r e p r o d u c e d b y sa l t s of 
t h e e l e m e n t s of t h e a m m o n i u m su lph ide o r h y d r o g e n su lph ide g r o u p s . L*. F e r n a n d e s 
a n d F . P a l a z z o p r e p a r e d po lypheno l i c , a n d p y r i d i n e complexes . G. Kr i i s s p r e ­
p a r e d p o t a s s i u m dioxydisu lphomolybdate , K 2 M o O 2 S 2 , in r edd i sh-ye l low need les . 
F . Rodo l i co p r e p a r e d m a g n e s i u m d i o x y d i s u l p h o m o l y b d a t e in a s soc ia t ion w i t h 
b e x a m e t h y l e n e t e t r a m i n e , M g M o S 2 O 2 . 2 X . 1OH 2 O. 

L . F e r n a n d e s a n d F . P a l a z z o r e g a r d e d t h e o x y s u l p h i d e s of m o l y b d e n u m a s 
i sopo lyac ids in wh ich o x y g e n is p a r t l y r e p l a c e d b y s u l p h u r . T h e y p r e p a r e d 
su lphotr imolybdates c o n t a i n i n g four s u b s t i t u t e d h y d r o g e n a t o m s b y s t r o n g acidifi­
ca t i on ; a n d oxysu lphoparamolybdates w i t h five s u b s t i t u t e d h y d r o g e n a t o m s b y 
w e a k acidif icat ion. A m m o n i u m sa l t s w i t h five s u b s t i t u t e d h y d r o g e n a t o m s , a n d 
c o n t a i n i n g t h e g r o u p M o S 2 O 2 cou ld n o t b e p r e p a r e d , because , w i t h t h e sma l l e s t 
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a d d i t i o n of ac id , t r i - s a l t s w i t h four a m m o n i u m radic les were fo rmed . Sa l t s were 
p r e p a r e d b y a d d i n g inc reas ing p r o p o r t i o n s of a m m o n i u m s u l p h o m o l y b d a t e , 
( N H 4 J 2 M o S 4 , t o a m m o n i u m d i o x y d i s u l p h o m o l y b d a t e , (NH^) 2 MoS 2 O 2 , so as 
t o o b t a i n soln. w i t h p rogress ive ly increas ing p r o p o r t i o n s of s u l p h u r . T h u s , 
( N H 4 ) 4 H 6 [ H 2 ( M o S 2 0 2 ) 6 ] . 5 H 2 0 w a s o b t a i n e d as a n orange-ye l low p o w d e r , s t ab l e 
in a i r , b y a d d i n g 1 t o 15 c.c. of iV-acetic ac id t o 10 g r m s . of a m m o n i u m d i o x y d i s u l p h o ­
m o l y b d a t e d isso lved in t h e sma l l e s t p r o p o r t i o n of wa te r , a n d w a s h i n g t h e p r e c i p i t a t e 
w i t h a lcohol a n d e t h e r . If 2V-acetic a c id b e a d d e d t o a soln. of e q u a l p a r t s of 
a m m o n i u m s u l p h o m o l y b d a t e a n d d i o x y d i s u l p h o r n o l y b d a t e , ( N H 4 ) S H 5 [ H 2 ( M o S 3 O ) 3 -
(MoS 2 O 2 J 3 ] . 1 6 H 2 O is f o r m e d as a m a r o o n - r e d powder . T h e a d d i t i o n of iV-acetic 
ac id t o soln. w i t h p r o p o r t i o n s of a m m o n i u m s u l p h o m o l y b d a t e , a n d d i o x y d i s u l p h o ­
m o l y b d a t e in p r o p o r t i o n s u p t o 9 : 1, fu rn ishes ( N H 4 ) 5 H 5 [ H 2 ( M o S 3 O ) 6 ] . 2 7 H 2 O . 

B y adding a so ln . of gvianidine ace ta te t o a hot , dil . soln. of a m m o n i u m dioxydisul­
p h o m o l y b d a t e , a n d cool ing, Gu 4 H 6 [H 2 (MoS 2 O 2 ) , , ] . 8H 2 O is formed as an orange-yel low 
powder ; if re lat ive ly dil . so ln . h e a l lowed t o s t a n d for s o m e days , fire-red crystals of 
Ou 6 H 5 [H 2 (MoS 2 O2)^] .9H 2 O appear ; if acet ic ac id be added t o soln. of guanidino acetate , 
and a m m o n i u m s u l p h o m o l y b d a t e a n d d io x y d i su lp h o mo ly b d a te , a maroon-red powder of 
GrU 4H 6[H 2(MoS 2O 2) 3(MoS aO) 3] . 1OH2O is formed ; if on ly a v e r y small proportion of 
acet ic acid is used, red crystals of GrU5O6[H2(MoS2O2)S(MoS8O)3] .9H2O are formed ; and 
if the proport ion of s u l p h o m o l y b d a t e t o d i o x y d i s u l p h o m o l y b d a t e is greater, dark red 
crysta ls of G u B H 6 [ H a ( M o S 2 0 2 ) 2 ( M o S 3 0 ) 4 ] . 7 H 2 0 are formed. 

G. Kr i i s s o b t a i n e d s o d i u m tr ioxysu lphomolybdate , N a 2 M o O 3 S , b y t r e a t i n g 
s o d i u m t r i m o l y b d a t e w i t h f reshly p r e p a r e d s o d i u m h y d r o s u l p h i d e a t 20°—30°, 
a d d i n g a lcohol , a n d a l lowing t h e r edd i sh -ye l low oily p r e c i p i t a t e t o c rys ta l l ize . 
T h e golden-ye l low c r y s t a l s a r e w a s h e d success ive ly w i t h a lcohol , e the r , c a r b o n 
d i su lph ide , e t he r , a n d a lcohol , a n d d r i ed in a n a i r - b a t h a t 100°. T h e hygroscop ic 
c ry s t a l s a r e freely soluble in w a t e r ; ace t i c ac id fo rms a g reen soln. ; cone , su lphu r i c 
ac id a d e e p b lue soln. w h i c h b e c o m e s g reen . A m m o n i u m su lph ide t r a n s f o r m s t h e 
s a l t i n t o s o d i u m s u l p h o m o l y b d a t e . T h e soln . g ives a ye l lowish-green p r e c i p i t a t e 
w i t h c o p p e r sa l t s ; a ye l lowish-whi te p r e c i p i t a t e w i t h z inc sa l t s ; a n d a yel low 
p r e c i p i t a t e w i t h b a r i u m sa l t s . F . R o d o l i c o p r e p a r e d m a g n e s i u m tr ioxybisu lpho-
m o l y b d a t e in assoc ia t ion w i t h h e x a m e t h y l e n e t e t r a m i n e , M g M o S O 3 . 2 X . I G H 2 O . 

G. Kriiss prepared ammonium hydrotetroxytrisulphodimolybdate, (NH4)-
H M o 2 O 4 S 3 , b y t r e a t i n g a soln. of a m m o n i u m p a r a m o l y b d a t e , a t a b o u t 90°, 
w i t h a m m o n i u m h y d r o s u l p h i d e ; a n d a d d i n g a m m o n i u m ch lor ide t o t h e cold soln. 
T h e redd i sh-ye l low p r e c i p i t a t e t h u s c o a g u l a t e s a n d i t c a n b e w a s h e d successively 
w i t h w a t e r , a lcohol , a n d c a r b o n d i su lph ide , a n d d r i e d a t 40° . I t is a lso fo rmed 
-when a soln . of a m m o n i u m m o l y b d a t e is s a t . w i t h h y d r o g e n su lph ide . T h e 
b rownish -ye l low p r o d u c t d e c o m p o s e s w h e n h e a t e d in a i r ; i t deve lops h y d r o g e n 
su lph ide w h e n boi led w i t h w a t e r ; i t is so luble in w a t e r , b u t inso luble in a lcohol , 
e the r , a n d c a r b o n d i su lph ide . H o t , di l . soda - lye fo rms a redd i sh-ye l low soln. 
wh ich on cool ing g ives a p r e c i p i t a t e of t h e s o d i u m sa l t ; p o t a s h - l y e g ives on ly a 
t r a c e of t h e p o t a s s i u m sa l t . H o t , cone , a lka l i - lye p r e c i p i t a t e s su lphur , 
a n d ol ive-green m o l y b d e n u m d iox ide ; w i t h a m m o n i a : ( N H 4 ) H M o O 4 S 3 - I - N J I 3 
^ = ( N H 4 J 2 M o O 2 S 2 + M o O 2 S ; a n d w i t h a n excess of a m m o n i u m su lph ide : 
( N H 4 ) H M o 2 0 4 S 3 - f 5 ( N H 4 ) 2 S = - 2 ( N H 4 ) 2 M o S 4 + 7 N H 3 + 4 H 2 0 . Cone, n i t r i c ac id oxi­
dizes t h e sa l t v igo rous ly ; a n d h o t , cone , s u l p h u r i c ac id fo rms a yel low l iquid 
w h i c h g ives off s u l p h u r d iox ide . Gr. Kr i i s s p r e p a r e d pa l e yel low, a m o r p h o u s 
sodium hydrotetroxytrisulpbodimolybdate, NaHMo2O4S3 , and lemon-yellow 
potassium hydrotetroxytrisulphodimolybdate, KHMo 2O 4S 3 , in a similar manner. 
These sa l t s c a n be r e g a r d e d a s d e r i v a t i v e s of 2 H 2 M o 2 O 2 S 2 less a m o l . of H 2 S . Soln. 
of t h e a lka l i sa l t s g ive b r o w n or r e d d i s h - b r o w n p r e c i p i t a t e s w i t h soln. of sa l t s of 
a l u m i n i u m , c h r o m i u m , m a n g a n e s e , copper , l ead , s i lver , a n d u r a n i u m ; a n d yel low 
p r e c i p i t a t e s w i t h m e r c u r y , p l a t i n u m , l a n t h a n u m , a n d csesiurn sa l t s . 

G. Kr i i s s f o u n d t h a t if p o t a s s i u m t r i m o l y b d a t e b e d issolved in a soln. of 
p o t a s s i u m h y d r o s u l p h i d e , a n d a lcohol b e a d d e d , a r e d oil is p r e c i p i t a t e d from which 
golden-yellow, monoclinic prisms of potassium heptoxyenneasulphotetramolybdate, 
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K 8 M o 4 O 7 S 9 , c an be s e p a r a t e d . T h e y a re w a s h e d successively w i t h a lcohol , e the r , 
a n d c a r b o n d i su lph ide , a n d d r i ed a t 100°. T h e golden-yel low, a q . soln . r e d d e n s 
w h e n t r e a t e d wi th ace t ic ac id ; a n d w h e n t h e a q . soln. is h e a t e d t o boi l ing 
m o l y b d e n u m t r i suJphide is p r e c i p i t a t e d . W h e n t r e a t e d w i t h a b a r i u m sa l t a 
ye l low p rec ip i t a t e is fo rmed a t once , whi le w i t h t h e n o r m a l s u l p h o m o l y b d a t e t h e 
p r ec ip i t a t e forms in 12 h r s . , a n d w i t h t h e s u l p h o d i a m o l y b d a t e , i n a few m i n u t e s . 
Copper a n d lead sa l t s give r e d d i s h - b r o w n p rec ip i t a t e s . 

For molybdenum enneachloroctosulphide, Mo5S8Cl9, vide supra, action of 
s u l p h u r monoch lo r ide on m o l y b d e n u m ; a n d for MoCl 6 -N 4 S 4 , vide supra, m o l y b d e n u m 
pen tach lo r ide . 
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§ 25. Molybdenum Sulphates 

Accord ing t o J . J . Berze l ius , 1 w h e n d r y h y d r a t e d m o l y b d i c oxide , Mo(OH) 3 , 
is r u b b e d in a m o r t a r w i t h a n eq. a m o u n t of su lphur i c acid, a b lack m a s s of n o r m a l 
molybdic su lphate is fo rmed . I t is decomposed b y w a t e r i n t o a soluble ac idic 
a n d a n insoluble basic sa l t . A bas ic sa l t is also fo rmed b y r u b b i n g a n excess of 
m o l y b d i c ox ide w i t h su lphur ic ac id ; a n d if t h e ac id is in excess, a n ac id ic sa l t is 
fo rmed . These p r o d u c t s r ep re sen t m o r e or less h y d r o l y z e d a n d oxid ized d e r i v a t i v e s 
of t h e c o m p o u n d sough t . W . W a r d l a w a n d co-workers p r e p a r e d m o l y b d i c o x y d i ­
s u l p h a t e , M o 2 O ( S O J 2 . 5 ( o r G)H 2O, f rom a soln. of 40 g r m s . of m o l y b d e n u m t r i o x i d e 
in 81 c.c. of boi l ing su lphur ic ac id of sp . gr . 1-84, m i x e d w i t h a l i t t l e n i t r i c ac id m a d e 
u p t o a l i t re w i t h wa te r , a n d e lec t ro lyzed in a d i a p h r a g m cell w i t h s m o o t h p l a t i n u m 
e lec t rodes . T h e electrolysis is c o n d u c t e d w i t h t h e soln. i n a n a t m . of c a r b o n 
d iox ide . T h e green soln. is c o n c e n t r a t e d b e t w e e n 55° a n d 70°. If t h e t e m p , is 
t o o h igh, t h e soln. b e c o m e s b r o w n , a n d if t h e soln. b e t o o m u c h c o n c e n t r a t e d , r ed . 
T h e green , cone . soln. is p o u r e d i n t o a c e t o n e . T h e freshly p r e c i p i t a t e d sa l t is 
i n t ense ly green , b u t w h e n d r i ed over p h o s p h o r i c ox ide , i t b ecomes grey , w i t h t h e 
loss of s u l p h a t e . W h e n h e a t e d , i t decomposes : M o 2 O ( S O 4 ) ^ I I 2 O = M o 2 O 5 
- f - 2 S 0 2 + r & H 2 0 . T h e s u b s t a n c e is v e r y hygroscopic a n d r ead i ly h y d r o l y z a b l c 
I t is inso lub le i n a lcohol , e the r , or a c e t o n e , b u t dissolves r ead i ly in w a t e r ; t h e soln. 
loses i t s g reen colour i m m e d i a t e l y on e x p o s u r e t o air , a n d a r u s t y - b r o w n p r e c i p i t a t e , 
r e a d i l y so luble i n ac ids , g r a d u a l l y forms. T h e o x y d i s u l p h a t e i m m e d i a t e l y p r e ­
c i p i t a t e s t h e m e t a l s f rom soln. of copper s u l p h a t e a n d s i lver n i t r a t e a t t h e o r d i n a r y 
t e m p . , a n d r educes mercu r i c a n d ferric sa l t s t o t h e " ous " s t a t e . O n w a r m i n g 
w i t h s u l p h u r o r s o d i u m su lph i t e , a soln. of t h e o x y d i s u l p h a t e , acidified w i t h di l . 
s u l p h u r i c ac id , evolves h y d r o g e n su lph ide . B a r i u m chlor ide p r o d u c e s n o p r e ­
c i p i t a t e i n a f reshly p r e p a r e d soln. of t h e o x y d i s u l p h a t e , b u t b a r i u m s u l p h a t e is 
t h r o w n d o w n o n w a r m i n g . L e a d a c e t a t e w i t h ace t ic ac id gives s imi la r r e su l t s . 
S o d i u m a n d p o t a s s i u m h y d r o x i d e s g ive g reen depos i t s . A m m o n i a i s w i t h o u t 
a c t i o n in t h e cold, b u t p r o d u c e s a b l ack p r e c i p i t a t e o n w a r m i n g . P o t a s s i u m ferri-
c y a n i d e g ives a d e e p r e d co lo ra t ion ; a s imi lar co lora t ion is s lowly p r o d u c e d b y 
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p o t a s s i u m fe r rocyan ide . F . F o r s t e r a n d E . F r i cke , a n d A. Chi lesot t i d id n o t 
succeed in p r e p a r i n g a l u m s of t e r v a l e n t m o l y b d e n u m . 

Accord ing t o J . J . Berze l ius , if m o l y b d e n u m is dissolved i n ho t , cone, su lphur i c 
ac id ; or in di l . s u l p h u r i c ac id m i x e d w i t h a l i t t le n i t r i c ac id ; or if h y d r a t e d 
m o l y b d e n u m d iox ide is d i s so lved i n di l . su lphur ic ac id , b l ack m o l y b d e n u m disul -
p h a t e is fo rmed . I t fo rms a r e d soln. w i t h wa te r . J . Meyer a n d V. S t a t e c z n y 
p r e p a r e d su lphatomolybdic ac id , H 2[MoO(SO 4)S(MoO 4)] , b y cool ing a soln. of 
m o l y b d e n u m t r i o x i d e i n h o t , cone , su lphu r i c ac id . I t is n o t cons idered t o b e a 
p y r o s u l p h a t o m o l y b d i c ac id , H 2 M o S O 7 . I J . F o r s e n also p r e p a r e d p o t a s s i u m 
s u l p h a t o m o l y b d a t e , K 2 H 2 [ S O 2 ( M o 3 O 1 2 ) I - S H 2 O . 

G. B a i l h a c h e 2 f ound t h a t w h e n a r a p i d c u r r e n t of h y d r o g e n su lph ide is passed 
i n t o a bo i l ing soln. of m o l y b d e n u m t r i o x i d e in s ix t i m e s i t s we igh t of su lphur ic ac id , 
molybdenum trioxydisulphate, Mo2O3(SO4)2, o r Mx)2Os.2SO3, is o b t a i n e d as a m a s s 
of b lack , ol ive p r i sms , s lowly b u t c o m p l e t e l y soluble in wa te r , a n d y ie ld ing a deep 
b r o w n soln. if k e p t o u t of c o n t a c t w i t h a i r . W h e n exposed t o air , t h e c o m p o u n d 
de l iquesces a n d i t s a q . soln. b e c o m e s g reen a n d t h e n b lue . T h e b r o w n soln. is 
r e a d i l y ox id ized t o m o l y b d i c a c id ; w h e n m i x e d w i t h a n a lka l i m o l y b d a t e , i t y ie lds 
t h e b lue m o l y b d e n u m oxide , a n d w h e n m i x e d w i t h a n a lka l i i t y ie lds a soluble 
m o l y b d a t e a n d a p r e c i p i t a t e of h y d r a t e d m o l y b d e n u m d iox ide . W h e n h e a t e d 
a lone , t h e c o m p o u n d y ie lds m o l y b d i c , su lphur i c , a n d s u l p h u r o u s oxides ; h o t 
su lphu r i c ac id c o n v e r t s i t i n t o t h e c o m p o u n d M o O 3 . S O 3 ; h y d r o g e n a t a r e d - h e a t 
c o n v e r t s i t i n t o m o l y b d e n u m d iox ide a n d s u l p h u r i c ac id , a n d d r y a m m o n i a also 
r educes i t a t a du l l r e d - h e a t . W h e n h e a t e d wi th a n i n t i m a t e m i x t u r e of s o d i u m 
chlor ide or b r o m i d e , i t y ie lds m o l y b d e n u m oxych lo r ide , MoO 2 Cl 2 , or t h e o x y b r o m i d e , 
t o g e t h e r w i t h m o l y b d e n u m d iox ide , s o d i u m s u l p h a t e , a n d s o d i u m m o l y b d a t e , t h e 
p r o p o r t i o n s of t h e t w o l a t t e r d e p e n d i n g o n t h e d u r a t i o n of t h e ope ra t i on . 
A. K u r t e n a c k e r a n d F . W e r n e r s t u d i e d t h e c a t a l y t i c decompos i t i on of h y d r o x y l -
a m i n e b y q u i n q u e v a l e n t m o l y b d e n u m s u l p h a t e . 

Accord ing t o E . P e c h a r d , 3 w h e n a lcohol is g r a d u a l l y a d d e d t o a soln. of m o l y b d i c 
ac id i n su lphu r i c ac id a n d t h e l iqu id w a r m e d on t h e w a t e r - b a t h for a s h o r t t i m e , 
d i l u t e d , a n d n e u t r a l i z e d w i t h a m m o n i a , a c rys ta l l ine p r e c i p i t a t e is p r o d u c e d which 
cons is t s of a m i x t u r e of t w o a m m o n i u m molybdos i c su lphates , one of t h e com­
pos i t ion 5 N H 3 . M o O 2 S O 3 . 7 M o O 3 . 8 H 2 O , c rys ta l l i z ing in b lue , h e x a g o n a l p l a t e s , a n d 
t h e o the r , 3 N H 3 - M O O 2 S O 3 - T M O O 3 - I O H 2 O , in d a r k b lue p r i s m s ; t h e l a t t e r is con­
v e r t e d i n t o t h e fo rmer b y t h e f u r t h e r a c t i o n of a m m o n i a . B o t h t h e s e c o m p o u n d s 
a r e v e r y soluble in w a t e r , b u t inso luble in soln. of a m m o n i u m sa l t s ; t h e y a r e on ly 
v e r y s lowly d e c o m p o s e d b y a lka les or n i t r i c ac id a t t h e o r d i n a r y t e m p . , a n d a re 
the re fo re m o r e s t a b l e t h a n t h e o t h e r b lue c o m p o u n d s of m o l y b d e n u m which h a v e 
b e e n desc r ibed . A n a l o g o u s c o m p o u n d s c o n t a i n i n g p o t a s s i u m , a n d b o t h p o t a s s i u m 
a n d a m m o n i u m , h a v e a lso b e e n o b t a i n e d , b u t t h e co r re spond ing sod ium 
sa l t is t o o so luble t o a d m i t of i so la t ion . T h e p ro longed r e d u c t i o n of m o l y b d i c 
ac id b y a lcohol in t h e p re sence of s u l p h u r i c acid a t t h e o r d i n a r y t e m p , resu l t s in 
t h e f o r m a t i o n of m o l y b d o s i c su lphate , 7MoO3 .2MoO2 .7SO3 .TiH2O9 c rys ta l l iz ing hi 
s lender , b l a c k needles ; whi le if t h e ope ra t i on is c o n d u c t e d a t 100°, soln. a r e 
f o r m e d wh ich a r e i m m e d i a t e l y d e c o m p o s e d b y a m m o n i a . M. K . H o f f m a n n re ­
p e a t e d K. P e c h a r d ' s o b s e r v a t i o n s . H e also r e p o r t e d p r o d u c t s w i t h (NH 4 )* O : 
M o O 2 : M o O 3 : S O 3 : H 2 O in t h e p r o p o r t i o n s J : 1 : 7 : 1 : n; 1 : 5 : 1 : 7 : 1 :"l5 : 
a n d 2 : 1 : 7 : 1 : 14. H e also o b t a i n e d in a s imi la r w a y p o t a s s i u m molybdos ic 
sulphate, K 2 O.Mo0 2 . 7Mo0 3 .S0 3 . 8H 2 0 . 

A c c o r d i n g t o J . J. Be rae l ius , 4 if a n excess of m o l y b d e n u m t r iox ide be boiled 
w i t h s u l p h u r i c ac id , a t u r b i d l iqu id is o b t a i n e d which gela t in izes on cooling a n d 
d e p o s i t s flakes of a bas i c s u l p h a t e which a r e s p a r i n g l y soluble in wa te r , b u t insoluble 
i n a lcohol . A soln . of m o l y b d e n u m t r i o x i d e in a n excess of di l . su lphur ic ac id is 
pa l e ye l low, a n d dr ies t o a lemon-yel low, c rys t a l l ine m a s s , which del iquesces in air , 
a n d is on ly p a r t i a l l y so lub le i n w a t e r . M. R u e g e r b e r g a n d B . F . S m i t h said t h a t 
p r e c i p i t a t e d m o l y b d e n u m t r i ox ide is easi ly soluble in su lphur i c acid of sp . gr . 

VOL. XI. 2 U 
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! •378 . Accord ing t o T. Ande r son , if b a r i u m m o l y b d a t e b e d e c o m p o s e d b y a n 
excess of di l . su lphur i c acid , a n d t h e soln. e v a p o r a t e d , c r y s t a l s of m o l y b d e n u m 
tr isulphate , M o ( S O 4 J 3 ^ H 2 O 5 a r e fo rmed . A. C. Schul tz -Se l lak , h o w e v e r , cou ld n o t 
o b t a i n t h i s p r o d u c t . T h e r e is n o s a t i s f ac to ry ev idence t h a t t h e n o r m a l s a l t h a s 
b e e n o b t a i n e d . M. K . Hof fmann , M. R u e g e r b e r g a n d E . F . S m i t h , a n d A . M a z z u c -
chelli a n d G. Zangr i l l i s t u d i e d t h e p r o p e r t i e s of soln. of m o l y b d e n u m t r i o x i d e in 
su lphu r i c ac id . If h y d r o g e n d iox ide b e a d d e d t o t h e soln. , t h e r e su l t s a r e compl i ­
c a t e d b y t h e d e c o m p o s i t i o n of t h e c o m p l e x m o l y b d e n u m persulpl iates , a n d d o n o t 
a d m i t of a n y s imple i n t e r p r e t a t i o n . A. Mazzucchel l i a n d C. B a r b e r o m e a s u r e d t h e 
X)otentials of t h e soln .—vide supra, p e r m o l y b d a t e s . 

A. O. Schul tz -Se l lak e v a p o r a t e d a soln. of m o l y b d e n u m t r i ox ide in cone , s u l p h u r i c 
ac id a n d o b t a i n e d c rys t a l s of w h a t h e r e g a r d e d a s m o l y b d e n u m dioxysulpriate , or 
m o l y b d e n y l su lphate , MoO 2 (SO 4 ) , b u t T. Anderson cou ld n o t o b t a i n c ry s t a l s . 
W . M u t h m a n n cooled a sa t . soln. of m o l y b d e n u m . t r i o x i d e in boi l ing , cone , s u l p h u r i c 
ac id , a n d w a s h e d w i t h a lcohol a n d e t h e r t h e c rys t a l s of t h e sa l t w h i c h s e p a r a t e d 
in s ix-s ided p r i s m s . W h e n t h e sa l t is h e a t e d i t decomposes w i t h t h e expu l s ion of 
s u l p h u r t r i ox ide . T h e sa l t de l iquesces in air , a n d b e c o m e s b lue owing t o t h e 
r e d u c i n g ac t ion of d u s t . T h e a q . soln. becomes b lue w h e n w a r m e d w i t h m o l y b ­
d e n u m . R . R e i c h w a l d found t h a t fumar ine is co loured v io le t a n d t h e n d a r k g reen 
b y t h i s sa l t . W . T. Schal ler found t h a t t h e m i n e r a l i l s emanni t e , p r ev ious ly a s s u m e d 
t o b e MoO 2 . 4MoO 3 , or Mo 3 O 1 4 , found a t O u r a y , U t a h , is r a t h e r a s u l p h a t e of t h e 
compos i t i on M o O 2 ( S O 4 ) . 5 H 2 O . 

R . F . W e i n l a n d a n d H . K i ih l a d d e d 5 t o 8 mols of s u l p h u r i c ac id t o a m o l of 
a m m o n i u m m o l y b d a t e , a n d e v a p o r a t e d t h e m i x t u r e ove r s u l p h u r i c ac id . H e t h u s 
obtained ammonium molybdatotrisulpnate, (NH4J20.2MoO3 .3SO3 .10H2O. By 
dissolv ing m o l y b d e n y l s u l p h a t e in cone . soln. of a m m o n i u m s u l p h a t e , t h e a m m o n i u m 
molybdatOSUlphate, ( N H 4 ) 2 0 . 2 M o O 3 . S O 3 ^ H 2 O , is t e t r a h y d r a t e d or e n n e a h y d r a t e d . 
If p o t a s s i u m s u l p h a t e be e m p l o y e d , t h e p o t a s s i u m molybdatOSUlphate, K 2 0 . 2 M o O 3 . 
S 0 3 . n H 2 0 , is d i h y d r a t e d or h e x a h y d r a t e d . A soln. of a mo l of p o t a s s i u m m o l y b d a t e 
in 5 to 8 mols of sulphuric acid furnishes potassium molybdatotrisulphate, 
K 2 0 . 2 M o O 3 . 3 S O 3 . 6 H 2 O . T h e sa l t s all fo rm s lender needles , wh ich a r e d e c o m ­
posed b y w a t e r w i t h t h e p r e c i p i t a t i o n of m o l y b d i c ac id . 

C W . B l o m s t r a n d , 5 a n d A. A t t e r b e r g p r e p a r e d m o l y b d o u s te trabromosulphate , 
[ M o 3 B r 4 ] S O 4 . 3 H 2 O , b y t h e a c t i o n of s u l p h u r i c ac id on a n a lka l ine soln. of m o l y b d o u s 
d i h y d r o x y te t r a b r o m i d e . 
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§ 26. Molybdenum Carbonates and Nitrates 
No molybdenum carbonate has been reported. J . J . Berzel iusx dissolved 

h y d r a t e d m o i y b d i c ox ide in di l . n i t r i c ac id a n d o b t a i n e d a soln. of m o l y b d e n u m 
ni trate wh ich soon b e c a m e p u r p l e - r e d . T h e soln. w h e n c o n c e n t r a t e d becomes 
b lue , t h e n colourless , g ives off n i t r i c ox ide , a n d depos i t s m o l y b d e n u m t r i o x i d e . 
If m o l y b d e n u m or t h e h y d r a t e d d iox ide be d iges ted in n i t r i c acid, a r e d d i s h - b r o w n 
soln . is o b t a i n e d w h i c h gives off n i t r o u s fumes w h e n e v a p o r a t e d . C. F . B u c h o l z 
o b t a i n e d a ye l low r e s i d u e — p r e s u m a b l y m o l y b d e n u m t r iox ide c o n t a m i n a t e d w i t h 
i r o n — o n e v a p o r a t i n g t h e soln . K . L i n d n e r a n d co-workers t r e a t e d a n alcoholic 
soln. of m o l y b d o u s ch lo r ide w i t h a n a lcohol ic soln. of si lver n i t r a t e , a n d o b t a i n e d 
on evaporation molybdenum alcoholotetracUorodinitrate, Mo3Cl4(NOg)2.G2H5OH ; 
a n d b y a d d i n g e t h e r t o t h e a lcohol ic soln. , m o l y b d e n u m tetrachlorodinitrate, 
Mo 3Ol 4(NO 3J 2 , w a s o b t a i n e d as a n a m o r p h o u s , ye l low p o w d e r . S. M. T a n a t a r 
and E . K. Kurowsky prepared beryllium oxynitratomolybdate, Be(N03)2 . 
m B e 3 ( M o 0 4 ) 2 . n B e O . 
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§ 27. Molybdenum Phosphates, and Phosphato- or Phospho-Molybdic Acids 
As p rev ious ly i n d i c a t e d , W . W a r d l a w a n d H . Lt. W o r m e l l * found t h a t w h e n 

m o l y b d e n y l m o n o c h l o r i d e is t r e a t e d w i t h a n a lka l i p h o s p h a t e , mo lybdeny l p h o s ­
phate , ( M o O ) 3 P O 4 . 1 2 H 2 O , is f o r m e d . A. Colani o b s e r v e d t h a t w h e n m o l y b d e n u m 
t r i o x i d e is h e a t e d w i t h m e t a p h o s p h o r i c ac id t o a dul l r e d - h e a t , i t u n d e r g o e s a v e r y 
s l igh t r educ t i on , t h e loss in o x y g e n c o r r e s p o n d i n g w i t h t h e f o r m a t i o n of t h e h y p o ­
t h e t i c a l ox ide M o 6 O 1 7 . W h e n m o l y b d e n u m d iox ide is s imi la r ly h e a t e d , i t y ie lds 
t h e lower ox ide Mo 2 O 3 , wh ich gives m o i y b d i c m e t a p h o s p h a t e , M o 2 0 3 . 3 P 2 0 5 , a n d a 
h ighe r ox ide , wh ich u n d e r t h e e x p e r i m e n t a l c o n d i t i o n s r e m a i n s d issolved in t h e 
m e t a p h o s p h o r i c ac id . Gr. S a r i n g p r e p a r e d a c o m p l e x p o t a s s i u m ca lc ium p h o s p h a t o -
m o l y b d a t e , C a 3 ( P O 4 J 2 . 2 C a O . 2 K 2 C M o O 3 , b y fusing t o g e t h e r t h e c o m p o n e n t res idues . 
G. Den iges r e p o r t e d phosphatbmolybdos ic acid, [ ( M O O S ) 4 M O O 2 I 2 H 3 P O 4 ^ H 2 O , t o 
b e o b t a i n e d b y t r e a t i n g s o d i u m m o l y b d a t e w i t h c rys ta l l ine s o d i u m h y d r o p h o s p h a t e 
in a q . soln. c o n t a i n i n g s u l p h u r i c ac id a n d finely d iv ided a l u m i n i u m . T h e soln. w a s 
e x t r a c t e d w i t h e t h e r ; t h e e t h e r soln . e x t r a c t e d w i t h w a t e r ; a n d t h e a q . soln. 
e v a p o r a t e d u n d e r r e d u c e d p res s . T h e p r o d u c t fo rms sapph i r e -b lue , r h o m b o h e d r a l 
c r y s t a l s . T h e c o m p o u n d w a s e x a m i n e d b y A. V e r d a . F . de Carli found t h a t on ly 
a n ins ignif icant r e d u c t i o n of m o l y b d e n u m t r iox ide occurs w h e n i t is fused w i t h 
s o d i u m m e t a p h o s p h a t e , a n d e v e n t h i s is p r e v e n t e d w i t h fusing t h e m i x t u r e in 
o x y g e n . Sma l l p r o p o r t i o n s lower t h e m . p . of m o l y b d e n u m t r i ox ide (790°) d o w n 
t o t h e eu t ec t i c a t 540° w i t h 25 p e r cen t , of t h e m e t a p h o s p h a t e ; t h e m . p . t h e n rises 
t o a m a x i m u m a t 600° co r r e spond ing w i t h s o d i u m molybdatometaphosphate , 
N a P O 3 . M o O 3 , i t t h e n dec reases t o a second m i n i m u m a t 320°, a n d t h e n rises t o 
600° , t h e m . p . of t h e m e t a p h o s p h a t e . T h e c o m p o u n d dissolves easily a n d com­
p le t e ly in h o t w a t e r ; a n d i t s c o n s t i t u t i o n is t h o u g h t t o be N a . O . M o O 2 . 0 . P O 2 -
A. S. SchachofT d i scussed t h e p r e p a r a t i o n of s o d i u m p h o s p h o m o l y b d a t e . 

T h e c o m p l e x phosphatomolybd ic ac ids were d i scovered b y J . J . Berze l ius . 1 

H e f o u n d t h a t w h e n freshly p r e c i p i t a t e d a n d m o i s t h y d r a t e d m o l y b d e n u m t r iox ide 
is d iges ted w i t h a smal l p r o p o r t i o n of p h o s p h o r i c ac id , a lemon-yel low, insoluble , 
c o m p l e x ac id is fo rmed . T h i s p r o d u c t dissolves in a n excess of h o t phosphor i c 
ac id fo rming a colour less l iqu id wh ich on e v a p o r a t i o n yie lds a t enac ious , a m o r p h o u s , 
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transparent mass which is soluble in water and alcohol. The alcoholic soln. is 
yel low, but i t turns blue on evaporat ion and leaves a brown residue which 
forms a blue soln. wi th water. The product was also examined b y Xi. F . Svanberg 
and H . Struve, and E . Drechsel . F . El ias found t h a t a soln. containing 
P 2 O 5 : M o O 3 = I : 21*74 g ives wi th a 10 per cent . soln. of a m m o n i u m nitrate a 
precipitate wi th the mol . proportions 1 : 22-28 ; using a cold, sat . soln. of potass ium 
chloride as precipitate, the product has 1 : 22-71. The mother-l iquors w h e n 
evaporated g ive products wi th the respective ratios 1 : 18-44, and 1 : 20-3. I t is 
therefore inferred t h a t the soln. of m o l y b d e n u m trioxide in phosphoric acid contains 
t w o or more phosphomolybdic acids. A. Miolati and R. Pizzigheli measured the 
sp. electrical conduct iv i ty of m i x e d soln. of phosphoric and molybdic acids w h e n 
1 c.c. of phosphoric acid soln. has 0-01^61 grm. H 3 P O 4 , and 1 c.c. of molybdic acid 
soln. has 0-0288 grm. MoO 3 ; and when 1 c.c. of the molybdic acid soln. has 0-666 mol 
MoO3 per mol of H 3 PO 4 . The curve shown in Fig . 31 has one break corresponding 
with P 2 O 5 : M o O 3 = I : 20. A. Miolati and R. Pizzigheli also measured the sp. 
electrical conductivit ies of mixed soln. of molybdic acid and sodium hydrophosphate 
when 1 c.c. of the phosphate soln. has 0-02082 grm. JSTa2HPO4, and 1 c.c. of the 
molybdic acid has 0-01805 grm. MoO3 , or 0-5 c.c. has a mol of MoO 3 per mol of 
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F i a . 32 .—Elec tr ica l Conduct iv i t i e s of 
M i x e d So lut ions of Molybdic Ac id 
a n d S o d i u m H y d r o p h o s p a t e . 

N a 2 H P O 4 . The curve shown in F ig . 32 has a break corresponding with 
P 2 O 5 - M o O a = I : 5 and 1 ; 16 respectively. According to L. Malaprade, when 
phosphomolybdic acid, P 2 O 5 . 24MoO 3 . 3H 2 O, is neutralized wi th alkali, the electro-
metric curve shows no point of inflexion corresponding wi th t h e formation of the 
normal salt, but there is a point of inflexion corresponding wi th the formation of a 
salt of P 2 O 6 . 22MoO 8 . 7H 2 O ; and a second one corresponding wi th the decomposit ion 
of the phosphomolybdic acid into phosphate and molybdate . 

According t o A. Verda, when the ordinary phosphatomolybdic reagent (5 parts 
of phosphatomolybdic acid, 7 parts of nitric acid, 100 parts of water) is shaken wi th 
excess of ether, i t is decolorized, the colour becoming cone, in a small quant i ty of 
dense liquid which separates a t the b o t t o m of the vessel. This proved to be a soln. 
of phosphatomolybdic acid in ether, for on evaporat ion of the ether there remained 
pure phosphatomolybdic acid as an amorphous ye l low powder, more readily 
reducible than the ordinary phosphatomolybdic acid. Pure water dissolves out 
the phosphatomolybdic acid from the ye l low liquid, but water sat . w i t h ether is 
wi thout action on it . Ether forms wi th solid phosphatomolybdic acid this yel low 
liquid, which, however, does not m i x wi th the excess of ether. Soln. of phosphato-
molybdates , acidified and treated wi th ether, can in this w a y be made t o y ie ld pure 
phosphatomolybdic acid. E . Pechard prepared the phosphatomolybdic acids as 
compounds of phosphoric acid wi th metamolybdic acid. A large number of salts 
has b§en reported, but, as in the case of t h e molybdate , there are doubts about the 
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P a 0 6 . 2 4 M o 0 3 . n H a O . 

P a 0 5 . 2 2 M o 0 3 . r t H : 2 0 . 

P 2 O 6 . 2 0 M o O 3 . n H 2 O . 

P 2 0 6 . 1 8 M o 0 3 . ^ H 2 0 . 

2 P 2 0 4 . 3 4 M o O s . n H 2 0 

P 8 0 B . 5 M o 0 8 . n H a O . 

P 2 0 6 . 4 M o O a . n J I 2 0 . 

P 2 0 6 . 2 M o 0 3 . ? i H 2 0 . 

c h e m i c a l i n d i v i d u a l i t y of m a n y of t h e m . T h e p h o s p h a t o m o l y b d i c ac ids w i t h a 
h i g h p r o p o r t i o n of m o l y b d a t e — s a y P : M o = I : 9 t o 1 : 1 2 — a r e yel low, whe reas 
t h o s e w i t h a lower p r o p o r t i o n a r e w h i t e or colourless . Accord ing t o A. !Rosenheim, 
t h e yel low c o m p o u n d s can be r e g a r d e d as de r iva t ives of t h e s e p t i v a l e n t P O 0 - a n i o n — 
or t h e H 7 P O 6 a c i d — w i t h t h e b i v a l e n t M o 2 0 7 - r a d i c l e in p lace of o x y g e n ; whi le t h e 
colourless series a r e d e r i v a t i v e s of t h e t e r v a l e n t P 0 4 - a n i o n — o r t h e H 3 P O 4 a c i d — 
w i t h t h e b i v a l e n t M o 0 4 - r a d i c l e . 

P h o s p h a t o d o d e c a m o l y b d i c acid. 
H 7 [ P ( M o 2 0 ? ) 6 ] 

P h o s p h a t o h e n a m o l y b d i c a c i d 
H 1 1 [ P 1 ( M o 1 O 7 J 1 1 ] 

P h o s p h a t o d o c a m o l y b d i c ac id , 
H e [ P ( O H ) ( M o a 0 7 ) 6 ] 

P h o s p h a t o e n n e a m o l y b d i c a c i d 
H 1 2 I P 3 O 2 ( M o 2 O 7 ) , , ] 

P h o s p h a t o h e r n i h e p t a d e c a i n o l y b d i c ac id 
H a 2 [ P 4 0 4 ( M o 2 0 7 ) 1 7 ] 

P h o s j > h a t o h e m i p e n t a n i o l y b d i c ac id . 
H 8 [ P , O 4 ( M o O 4 )B] 

P h o s p h a t o d i m o l y b d i c ac id . . . . 
H 3[ P O 2 ( M o O J 2 ] 

P h o s p h a t o m o l y b d i c ac id . . . . 
H 3 [ P O 3 ( M o O 4 ) ] 

R . F i n k e n e r , a n d F . K e h r m a n n a n d E . B o h m o b t a i n e d phosphatododecamolybdic 
acid, P 2 O 5 . 2 4 M o O 3 . r * H 2 0 . b y a d d i n g yel low m o l y b d e n u m t r i o x i d e t o a boi l ing aq . 
soln. of p h o s p h o r i c ac id ; e v a p o r a t i n g , a n d cool ing t h e soln . A. Miolat i , a n d 
H . D e b r a y , a n d M. G. L e v i a n d E . S p e l t a o b t a i n e d i t b y t r e a t i n g t h e a m m o n i u m 
sa l t w i t h a q u a regia , a n d r e p e a t e d l y c rys ta l l i z ing t h e p r o d u c t f rom w a t e r a c i d u l a t e d 
w i t h n i t r i c ac id . E . H u n d e r s h a g e n s t u d i e d t h e c o n d i t i o n s for i t s f o r m a t i o n a n d 
s e p a r a t i o n a s t h e a m m o n i u m sa l t in a n a l y t i c a l w o r k . Accord ing t o E . Drechse l , 
a n d A. R o s e n h e i m a n d J . P i n s k e r , p h o s p h a t o d o d e c a m o l y b d i c ac id is a lso o b t a i n e d 
b y e x t r a c t i n g w i t h e t h e r a soln. of m o l y b d e n u m t r i o x i d e in p h o s p h o r i c acid , or a 
soln. of a sa l t of t h e ac id m i x e d w i t h h y d r o c h l o r i c or n i t r i c ac id ; a n d e v a p o r a t i n g 
t h e e t h e r e a l l ayer . E . K e h r m a n n a n d E . B o h m used t h e fol lowing process : 

Disso lve 50 g r m s . of s o d i u m p h o s p h a t e i n w a t e r , a n d p o u r i n t o t h e cold l iqu id , a cold, 
s a t . , a q . so ln . of 20O g r m s . of a m m o n i u m p a r a m o l y b d a t e i n a t h i n s t r e a m w i t h c o n s t a n t 
s t i r r i n g . "Wash t h e p r e c i p i t a t e b y r e p e a t e d d e c a n t a t i o n w i t h h o t w a t e r a c i d u l a t e d w i th 
n i t r i c a c i d . D i s so lve i t i n h o t a q u a r eg i a , a n d r e m o v e t h e vo l a t i l e ac id s b y r e p e a t e d 
e v a p o r a t i o n w i t h w a t e r o n a w a t e r - b a t h . D i s so lve t h e d r y r e s i d u e i n a l i t t l e w a t e r , 
e v a p o r a t e t h e f i l tered so ln . o n a w a t e r - b a t h . P i l t e r b y s u c t i o n , w a s h t h e p r o d u c t w i t h 
ice-cold w a t e r , a n d r ec rys t a l l i z e t w i c e f rom w a t e r a c i d u l a t e d w i t h n i t r i c ac id . 

* R . F i n k e n e r , a n d F . E l i a s sa id t h a t t h e soln. of p h o s p h a t o d o d e c a m o l y b d i c 
ac id in a l a rge p r o p o r t i o n of n i t r i c ac id furn ishes d o u b l y re f rac t ing c rys t a l s of 
P 2 0 5 . 2 4 M o 0 3 . 3 2 H 2 0 , o r t h e dodecahydrate, H 7 [ P ( M o 2 0 7 ) 6 ] . 1 2 H 2 0 . O. W. Gibbs , 
a n d G. P o h l sa id t h a t if t h e cone . a q . soln. is a l lowed t o s t a n d i t furnishes yel low 
o c t a h e d r a of P 2 O 5 . 2 4 M o O 3 . 6 2 H 2 O — R . F i n k e n e r , a n d F . E l i a s g a v e P 2 O 5 . 2 4 M o O 3 . 
6 3 H 2 O — o r t h e octocosthydrate, H 7 [ P ( M o 2 O 7 J 6 ] . 2 8 H 2 O . A. R o s e n h e i m a n d 
J". P i n s k e r also r e p r e s e n t e d w h a t t h e y r e g a r d e d a s P 2 O 6 . 2 4 M o O 3 . 6 3 H 2 O ; a n d 
G. P o h l , P 2 0 5 . 2 4 M o 0 3 . 6 4 H 2 0 . R . F i n k e n e r , a n d F . Efias r e p r e s e n t e d t h e acid 
b y t h e fo rmu la H 3 P O 4 . 1 2 M o O 3 . 2 9 H 2 O ; a n d F . K e h r m a n n , b y P O ( O . M o O 2 . 0 . 
M o O 2 . 0 . M o O 2 - O H ) 3 ; A . R o s e n h e i m g a v e H 7 [P(Mo 2 O 7 )Q) . A. Miolat i a n d 
R . Pizzighel l i a s s u m e t h a t t h e ba s i c i t y of t h e ac id is t h e difference be tween t h e 
n e g a t i v e v a l e n c y of t h e ac id g r o u p s a n d t h e pos i t i ve v a l e n c y of t h e cen t r a l a t o m . 
T h i s m a k e s p h o s p h a t o d o d e c a m o l y b d i c ac id sej>tivalent. T h e sep t iva l ency of th i s 
ac id is s u p p o r t e d b y t h e si lver sal t , 7 A g 2 O . P 2 O 5 . 2 4 M o O 3 . Accord ing t o t h e 
e lec t r ica l c o n d u c t i v i t y r u l e — 1 , 15, 1 3 — t h e g u a n i d i u m sa l t b e h a v e s l ike a h e p t a b a s i c 
ac id . A . Miola t i , a n d A. R o s e n h e i m a n d J . J a e n i c k e found t h a t t h e neu t ra l i za t ion 
curve for the aq. soln. of the a c id a n d a soln. of s o d i u m h y d r o x i d e ind ica t ed t h a t 
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t h e ac id is a t l eas t s ex iva l en t a n d o c t o c o s i h y d r a t e d . P h o s p h a t o d o d e c a m o l y b d i c 
ac id fo rms d a r k yel low, cub ic o c t a h e d r a . R , F i n k e n e r found t h a t t h e sa l t loses 
al l b u t 3 mols . of w a t e r a t 140°, a n d A . Mio la t i a d d e d t h a t n o o t h e r chemica l c h a n g e 
occurs . T h e c rys t a l s beg in t o m e l t a t 78° , a n d a t 98° f o rm a c lear l i qu id f rom 
which , a t 90°, c rys t a l s of t h e dodecahydrate, H 7 P ( M o 2 0 7 ) 6 . 1 2 H 2 0 , a r e fo rmed . 
T h e o c t o c o s i h y d r a t e is r e a d i l y so luble i n w a t e r a n d t h e s a m e h y d r a t e is d e p o s i t e d 
w h e n t h e aq . soln. is c rys ta l l i zed . T h e soln . in cone, n i t r i c ac id depos i t s r h o m b i c 
p l a t e s of t h e docosihydrate, H 7 p ( M o 2 0 7 ) 6 . 2 2 H 2 0 . A. R o s e n h e i m a n d J . J a e n i c k e 

, gave for t h e e q . c o n d u c t i v i t y , A m h o s , of one - seven th a m o l of t h e ac id in v l i t res 
of w a t e r a t 25° , 

v . . 32 64 128 256 512 1024 
A . . 190-6 211-3 229-1 248-5 249-5 2 5 8 1 

A. R o s e n h e i m a n d A . B e r t h e i m f o u n d t h a t t h e dodeca -ac id is g r a d u a l l y hydrolyzecl 
in aq . soln. t o form t h e ennea-ac id—v ide infra—and t h i s exp la ins t h e b r e a k in t h e 
c o n d u c t i v i t y c u r v e , obse rved b y A. !Miolati a n d R . Pizz ighel l i—r ide supra, w h e n 
m o l y b d i c ac id is successively a d d e d t o p h o s p h o r i c ac id . T . G. y A r n a l s t u d i e d 
t h e r eac t ions of n i t r o p h o s p h o m o l y b d i c ac id wi th v a r i o u s sa l t s . A. R o s e n h e i m 
a n d E . Bra.uer found t h e i T - i o n cone , of t h e ac id t o b e 5-8 X I G - 3 for a 0-0052V-soln. 
a t 25°. T h e ac id does n o t dissolve in water. T h e fol lowing r eac t i ons of a soln. 
of t h e ac id w i t h me ta l l i c sa l t s , e t c . we re r e c o r d e d b y F . K e h r m a i m a n d E . R o h m : 
W i t h sodium chloride n o p r e c i p i t a t i o n occurs since t h e s o d i u m sa l t is v e r y soluble ; 
potassium and ammonium chlorides g ive a ye l low, v e r y spa r ing ly soluble , p u l v e r u l e n t 
p r e c i p i t a t e ; harium chloride g ives n o p r e c i p i t a t i o n s ince t h e b a r i u m sa l t is v e r y 
soluble ; b u t i t c a n b e sa l t ed o u t b y b a r i u m ch lo r ide ; silver nitrate g ives a ye l low, 
p u l v e r u l e n t , s p a r i n g l y soluble p r e c i p i t a t e ; lead nitrate, mercuric chloride, a n d t h e 
sulphates of copper, zinc, cadmium, cobalt, a n d nickel g ive n o p r e c i p i t a t e b e c a u s e 
t h e r e su l t i ng sa l t s a r e v e r y so luble ; methylamine, dimethylamine, pyridine, a n d 
quinoline g ive ye l low, p u l v e r u l e n t or f locculent p r e c i p i t a t e s a l m o s t inso lub le ; 
aniline a n d p-toluidine g ive n o p r e c i p i t a t e in di l . soln. , b u t w i t h cone . soln. a ye l low 
oil s e p a r a t e s which soon crys ta l l izes a n d b e c o m e s b lue b y r e d u c t i o n ; a n d ^8-napthyl-
a m i n e g ives a n oi ly p r e c i p i t a t e w h i c h r a p i d l y fo rms ye l low, s p a r i n g l y soluble 
c rys t a l s . F . P a r m e n t i e r f o u n d t h a t t h e s a t . e t h e r e a l soln. h a s a sp . gr . of 1-3, 
a n d he m e a s u r e d t h e so lub i l i ty in ether of w h a t h e r e g a r d e d as p h o s p h a t o d e c a -
m o l y b d i c ac id , b u t wh ich w a s p r o b a b l y p h o s p h a t o d o d e c a m o l y b d i c ac id ; a n d 
found t h a t 1OO g r m s . of e t h e r d i sso lved £> g r m s . of t h e ac id : 

0° 81° 19*3° 27-4° 32-9° 
*S . . . 80-6 84-7 96-7 103*9 107-9 

According to R. Finkener, ammonium phosphatododecamolybdate, 
W ( N H 4 J 2 O . P 2 O 6 . 2 4 M o O 3 . ^ H 2 O , is o b t a i n e d f r om ac id soln. w h e n a m m o n i a is 
a d d e d t o a soln. of p h o s p h a t o d o d e c a m o l y b d i c ac id . T h e compos i t i on of t h e 
p r e c i p i t a t e w a s d i scussed b y A. K o n i g , F . F l i a s , T. Salzer , H . D e b r a y , C. F r i e d h e i m , 
H . v o n J i i p t n e r , F . Fe ig l , A . v o n L i p o w i t z , V. E g g e r t z , E . Spiess , F . H u n d e s h a g e n , 
a n d C. F . R a m m e l s b e r g ; A . Vill iers a n d F . R o r g g a v e 3 ( N H 4 ) 2 O . P 2 0 5 . 2 4 M o 0 3 . 3 H 2 0 ; 
H . C. B a b b i t t g a v e 3 ( N H 4 ) 2 O . P 2 0 5 . 2 4 M o 0 3 . n H 2 0 ; a n d O. W . Gibbs , 2 £ ( N H 4 ) 2 0 . 
P 2 O 6 . 2 4 M o O 3 . 8 J H 2 O . Acco rd ing t o S. P o s t e r n a k , a m m o n i u m p h o s p h a t o m o l y b d a t e 
p r e c i p i t a t e d f rom p h o s p h a t e soln . in t h e a b s e n c e of a m m o n i u m sa l t s a l w a y s c o n t a i n s 
p h o s p h o r u s a n d m o l y b d i c ox ide in a c o n s t a n t r a t i o . I t cons is t s of a v a r i a b l e m i x t u r e 
of d i - a n d t r i - a m m o n i u m p h o s p h a t o m o l y b d a t e s , v a r y i n g acco rd ing t o t h e compos i ­
t i on of t h e a m m o n i u m m o l y b d a t e so ln . u sed . I n t h e p resence of 5 p e r cen t , or m o r e 
of a m m o n i u m n i t r a t e or s u l p h a t e t h e p h o s p h a t o m o l y b d a t e p r e c i p i t a t e o b t a i n e d 
is a c o m p l e x m i x t u r e of t h e t y p e s 1 6 ( N H 4 ) 3 ( M o 0 3 ) 1 2 P 0 4 . N H 4 ( M o 0 3 ) 4 N O s a n d 
8 ( N B [ 4 ) 3 ( M o 0 4 ) 1 2 P 0 4 . ( N H 4 ) 2 ( M o 0 3 ) 8 S 0 4 , r e spec t ive ly . I n all cases t h e m o l y b d i c 
ac id b e h a v e s a s t h o u g h , i n ac id m e d i u m , i t ex i s t ed i n t h e t e t r a m o l y b d i c s t a t e , 
a n d i n t h i s fo rm c o m b i n e d w i t h t h e h y d r o x y l g r o u p s of al l t h e m i n e r a l ac ids p r e s e n t . 
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A. v o n E n d r e d y r e p r e s e n t e d t h e fo rmula ( N H 4 ^ H 4 [ P ( M o 2 O 7 ) G ] . 4 H 2 O , a n d found 
t h a t t h e p r e c i p i t a t e is v e r y p r o n e t o a d s o r b m o l y b d e n u m t r i ox ide . C. F r i e d h e i m , 
A. S. Schachoff, a n d G. W i r t z p r e p a r e d r h o m b o h e d r a l c rys t a l s of s o d i u m p h o s ­
phatododecamolybdate , 5Na 2 O(P 2 O 5 . 24MoOg) 2 . 100 or 1 0 1 H 2 O , b y e v a p o r a t i n g 
ove r s u l p h u r i c ac id a soln. of a mo l of sod ium h y d r o p h o s p h a t e a n d 10 mols of 
m o l y b d i c ac id . M. Sel igsohn o b t a i n e d a n ammonium, sodium phospfiatomolybdate 
a p p r o x i m a t i n g 6 ( N H 4 J 2 0 . 1 5 N a 2 O . P 2 O 5 . 6 0 M o O 3 . 1 8 H 2 O . A. Miolat i , a n d 
A. R o s e n h e i m a n d J . P i n s k e r r ep re sen t ed t h e sod ium sa l t b y t h e fo rmula 
Na 3 H 4 J P ( M o 2 0 7 ) 6 ] . 1 9 H 2 O , a n d t h e e lect r ical conduc t iv i t i e s of t h e soln. for one-
t h i r d a m o l of t h e sa l t in v l i t res of w a t e r a t 25° "were : 

v . . . 32 64 128 256 512 1024 
. / A . M . . . 244-2 270-4 298 321-8 344-2 370-8 
A \ A . R . a n d J . P . 25O 2 7 5 2 301-4 325-2 350-6 380-0 

O. W. Gibbs obtained yellow potassium phosphatododecamolybdate, 2K2O.P2O5. 
2 4 M o O 3 . 4 H 2 O , b y boi l ing for a long t i m e a m i x t u r e of p o t a s s i u m m o l y b d a t e a n d 
h y d r o s p h o s p h a t e w i t h a n excess of n i t r i c ac id . F . K e h r m a n n a n d E . B o h m 
observed t h a t -what is p r e s u m a b l y copper phosphatododecamolybdate is precipi­
t a t e d b y copper s u l p h a t e from a soln. of t h e ac id . T h e p r e c i p i t a t e is soluble in 
w a t e r . A. Miolat i a n d K. Pizzighell i ob t a ined s i lver phosphatododecamolybdate , 
7Ag 2 O-I 3 2^5.24MoO 3 , f rom a soln. of s i lver n i t r a t e a n d p h o s p h a t o d o d e c a m o l y b d i c 
acid , or t h e a m m o n i u m sa l t . F . K e h r m a n n a n d K. B o h m r e p o r t e d bar ium 
p h o s p h a t o d o d e c a m o l y b d a t e , 3 B a O . P 2 O 5 . 2 4 M o O 3 . n H 2 0 , t o be fo rmed b y t r e a t i n g t h e 
p h o s p h a t o d o d e c a m o l y b d i c ac id w i t h a n excess of b a r i u m chlor ide . T h e pa le yel low 
o c t a h e d r a lose w a t e r of c rys t a l l i za t ion w h e n exposed t o a i r ; a n d t h e y lose all t he i r 
w a t e r a t du l l r edness , w i t h o u t m e l t i n g . T h e sa l t is soluble in w a t e r . M. Seligsohn 
obtained ammonium barium phosphatomolybdate, 3(NH4)20.3OBaO.P2O5 .30MoO3 . 
w H 2 0 , f rom a soln. of a m m o n i u m p h o s p h a t o d o d e c a m o l y b d a t e a n d b a r i u m chlor ide . 
F . P a r m e n t i e r , a n d A. Miola t i a n d B,. Pizzighel l i o b t a i n e d w h a t w a s p r o b a b l y 
m e r c u r o u s phosphatododecamolybdate b y a d d i n g p h o s p h a t o d o d e c a m o l y b d i c 
ac id t o a soln. of a m e r c u r o u s sa l t ; a n d C. K e h r m a n n a n d E . B o h m , 
b y us ing a mercu r i c sa l t soln. o b t a i n e d mercur ic phosphatododecamolybdate , 
3 H g O . P 2 O 5 . 2 4 M o O 3 , a s a p r e c i p i t a t e soluble in w a t e r . H . Beuf found t h a t a boil ing, 
n e u t r a l soln of a l ead sa l t furnishes a p r e c i p i t a t e of w h a t is nea r ly l ead phosphato ­
dodecamolybdate , n a m e l y , 2 5 P b O . P 2 0 5 . 2 4 M o 0 3 . 7 H 2 0 , w h e n t r e a t e d wi th an 
a q . soln. of p h o s p h a t o m o l y b d i c ac id . T h e "washed p r e c i p i t a t e d r ied a t 90° to 
100° forms a dense w h i t e p o w d e r wh ich is insoluble in w a t e r (1 in 500,000) a n d aq . 
a m m o n i a , b u t d issolves in n i t r i c a n d in ace t i c ac ids ; a n d a t a h igh t e m p . , i t loses 
7 mol s of H 2 O . T h e v a n a d i u m p h o s p h a t o m o l y b d a t e s a r e d iscussed in connec t ion 
w i t h v a n a d i u m . 

A. Arnfeld reported manganese phosphatododecamolybdate, 3MnO-P2O5. 
24MoO 3 .58 or 6 0 H 2 O , t o b e fo rmed b y boil ing a soln. of 4O gr ins , of m a n g a n e s e 
h y d r o p h o s p h a t e -with m o l y b d e n u m t r i ox ide , a n d al lowing t h e filtered soln. t o 
e v a p o r a t e ove r su lphu r i c ac id . T h e yel low o c t a h e d r a effloresce in air . T h e y 
dissolve in w a t e r ; a n d a t 90° lose 16*8 pe r cen t , of w a t e r , a n d a t 140°, all t h e 
w a t e r is expel led . B y boi l ing, f resh ly -prec ip i t a ted ferric p h o s p h a t e , m o l y b d e n u m 
t r i o x i d e , a n d w a t e r , a n d . e v a p o r a t i n g t h e filtered soln. , a yel low p o w d e r was 
d e p o s i t e d ; t h e filtered l iqu id , w h e n c o n c e n t r a t e d , depos i t s o c t a h e d r a l c rys ta l s of 
ferric phosphatododecamolybdate, Fe2O3 .P205 .24Mo03 .58H2O. Water decomposes 
t h e sa l t . I n s t e a d of e v a p o r a t i n g t h e soln. , e t he r can be a d d e d , a n d t h e p r ec ip i t a t ed 
oil a l lowed t o c rys ta l l ize . A . Arnfe ld p r e p a r e d cobal t phosphatododecamolybdate , 
3 C o O . P 2 0 5 . 2 4 M o 0 3 . 5 8 t o 6OH 2 O, b y t h e s a t u r a t i n g w i th m o l y b d e n u m t r iox ide 
40 g r m s . of c o b a l t p h o s p h a t e in boil ing w a t e r ; a n d c o n c e n t r a t i n g t h e b r o w n soln. 
ove r s u l p h u r i c ac id . T h e ye l lowish-brown, p y r a m i d a l c rys ta l s effloresce in a i r . 
T h e ye l low a q . soln. becomes r e d w h e n t r e a t e d w i t h acids . A. Arnfeld p r e p a r e d 
green crystals of nickel phosphatododecamolybdate, 3NiO.P205 .24Mo03 .58 to 
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6 0 H 2 O , in a n ana logous w a y . T h e sa l t effloresces in a i r ; loses all i t s w a t e r a t 
150° ; a n d is soluble in w a t e r . 

G-. Pol i l r e p o r t e d t h a t if c o m m e r c i a l p h o s p h a t o m o l y b d i c a c i d b e r ee rys t a l l i z ed , t h e 
c o m p o u n d P 8 0 6 . 2 3 M o 0 3 . w H 2 O c a n b e o b t a i n e d f rom t h e m o t h e r - l i q u o r s ; a n d s imi l a r l y a l so 
phosphatohenamolybdic acid, P 2 O 6 . 2 2 M o O 8 . 5 8 H 2 O . C. F . R a m m e l s b e r g o b t a i n e d ammonium 
phosphatohenamolybdate, 3 ( N H 4 ) a O . P 2 O 5 . 2 2 M o O 8 . 1 2 H a O , b y p r e c i p i t a t i o n f rom a n i t r i c 
a c i d so ln . of a m m o n i u m m o l y b d a t e o n t h e a d d i t i o n of p h o s p h o r i c a c id . A c c o r d i n g t o 
A . E . Nordensk j t i ld , t h e a x i a l r a t i o s of t h e m o n o c l i n i c p r i s m s a r e a : b : c = 0 5 0 9 2 : 1 : 0-8466, 
a n d £ — 90° 5 9 ' . T h e ye l low, a i r -d r i ed s a l t loses al l i t s w a t e r o v e r s u l p h u r i c ac id , a n d i t i s 
t h e n s t a b l e a t 100°, b u t g ives oft a m m o n i a a t 120°. O. W . G i b b s r e p o r t e d ye l low c r y s t a l s 
of .potassium phosphatohenamolybdate, 5 I C 2 O ( P 2 O 6 . 2 2 M o O s ) 2 . 2 2 H 2 O , t o b e f o r m e d b y 
boi l ing for a s h o r t t i m e a m i x t u r e of p o t a s s i u m m o l y b d a t e a n d h y d r o p h o s p h a t e w i t h a n 
excess of n i t r i c ac id ; a n d C F . R a m m e l s b e r g , 3 K 2 O . P 2 O 6 . 2 2 M o O 8 . 1 2 H 2 O , b y a d d i n g 
p h o s p h o r i c ac id t o a n i t r i c ac id so ln . of p o t a s s i u m m o l y b d a t e . T h e c r y s t a l s r e s e m b l e 
t h o s e of t h e a m m o n i u m sa l t . T h e y lose t h e i r w a t e r c o m p l e t e l y a t 120°—140°, a n d suffer 
n o f u r t h e r loss i n w e i g h t a t a r e d - h e a t . F . F p h r a i m a n d H . Herschf inke l o b t a i n e d rubidium 
phosphatohenamolybdate, 7 R b 2 0 . 2 2 M o O 3 . P 2 O 6 . 1 2 H 2 O , b y g r a d u a l l y a d d i n g 2-5 g r m s . of 
m o l y b d i c ac id t o a so ln . of 30 c.c. of r u b i d i u m c a r b o n a t e ( c o n t a i n i n g 5*5 g r m s . R b 2 O 
p e r l i t re) a n d 12 c.c. of 3-3 p e r c en t , p h o s p h o r i c ac id . O. W . G i b b s o b t a i n e d s m a l l t a b u l a r 
c r y s t a l s of silver phosphatohenamolybdate, 7 A g 2 O . P 2 0 6 . 2 2 M o 0 3 . 1 4 H 2 0 , f rom a so ln . of 
s i lver n i t r a t e a n d t h e c o r r e s p o n d i n g p h o s p h a t o m o l y b d i c ac id . T h e s a l t is so lub le i n h o t 
w a t e r . 

H . D e b r a y o b t a i n e d doubleiiient obliques (triclinic) r ) r * s m s OT> w h a t waR re ­
g a r d e d as phosphatodecamolybdic acid, P 2 O 5 . 20MoO 3 . 24 , 4 1 , 5 1 , or 5 2 H 2 O , or 
H 6 [P(OH)(Mo 2 O 7 )B]-WH 2 O, b y t h e ac t ion of a q u a regia on a m m o n i u m p h o s p h a t e . 
Gr. P o h l , a n d F . P a r m e n t i e r also p r e p a r e d th i s p r o d u c t . These p h o s p h a t o m o l y b d i c 
ac ids , a s well as t h e sa l t s which h a v e been r epor t ed , a r e p r o b a b l y i m p u r e p h o s p h a t o -
d o d e c a m o l y b d i c ac id or p h o s p h a t o d o d e c a m o l y b d a t e s , or else t h e formulae a r e 
b a s e d o n u n s a t i s f a c t o r y ana lyses . A. R o s e n h e i m a n d A. B e r t h e i m , a n d A. Miola t i 
cons idered p h o s p h a t o d e c a m o l y b d i c acid t o b e a m i x t u r e of p h o s p h a t o d o d e c a -
m o l y b d i c a n d p h o s p h a t o e n n e a m o l y b d i c ac ids . O. W . Gibbs descr ibed a m m o n i u m 
phosphatodecamolybdate, 8(NH4)2O.(P205 .20MoO3)3 .12H2O, as a yellow sa l t ; 
a n d t h e sa l t (NH 4 J 3 H 3 [P(OH)(Mo 2 O 7 )S] w a s descr ibed b y L . F . S v a n b e r g a n d 
H . S t r u v e , F . L . Sonnensche in , M. Sel igsohn, M. N u t z i n g e r , a n d A. v o n L ipowi t z . 
H . Hose p r e p a r e d i t f rom a soln. of m o l y b d i c ac id , a m m o n i a , o r t h o p h o s p h o r i c ac id 
n o t in excess in a n acid so ln .—prefe rab ly n i t r i c acid . P y r o p h o s p h a t e s a n d 
m e t a p h o s p h a t e s do n o t give t h e yel low, p u l v e r u l e n t p r e c i p i t a t e , un less , a d d e d 
H . S t r u v e , t h e y a re first t r a n s f o r m e d i n t o o r t h o p h o s p h a t e s . Accord ing t o 
H . D e b r a y , if t h e t r a n s f o r m a t i o n is slow, t h e p r e c i p i t a t e m a y b e c rys ta l l ine . 
A . v o n L ipowi t z f o u n d t h a t t h e p r e c i p i t a t e c a n b e o b t a i n e d free f rom a n excess 
of m o l y b d i c acid b y dissolving 2 p a r t s of m o l y b d i c ac id , a n d one p a r t of t a r t a r i c 
ac id in 15 p a r t s of w a r m w a t e r , a d d i n g 10 p a r t s of a q . a m m o n i a of sp . gr . 0 9 7 , 
a n d t h e n 15 p a r t s of n i t r ic acid ; h e a t i n g t h e soln. t o i t s b . p . w h e n some m o l y b d i c 
ac id is p r e c i p i t a t e d ; aga in h e a t i n g t h e fi l tered soln . t o i t s b . p . ; a n d a d d i n g one 
p a r t of phosphor i c acid t o 1OO p a r t s of t h e f i l t ra te . T h e p r e c i p i t a t e is w a s h e d w i t h 
2 p e r cent , n i t r i c acid, a n d d r i ed over su lphu r i c ac id . H . !Debray o b t a i n e d t h e 
sa l t b y a d d i n g p h o s p h a t o d e c a m o l y b d i c ac id t o a s t rong ly ac id soln. of a n a m m o n i u m 
sa l t . T h e canary -ye l low p r e c i p i t a t e , sa id L*. F . S v a n b e r g a n d H . S t r u v e , is a n 
a m o r p h o u s powder . W h e n h e a t e d t o r edness , a m m o n i a a n d w a t e r a r e g iven off, 
a n d t h e b r o w n or green res idue fo rms w i t h n i t r i c ac id a soln. w h i c h is ye l low w h e n 
h o t , a n d colourless w h e n cold ; a n d "which, on e v a p o r a t i o n , furnishes yel low r h o m -
b o h e d r a of p h o s p h a t o d e c a m o l y b d i c ac id . A m m o n i u m p h o s p h a t o d e c a m o l y b d a t e 
is spa r ing ly soluble in w a t e r or ac ids ; a n d i t is easily soluble in a q . a m m o n i a , 
a n d a lka l i - lye . If a n excess of a m m o n i u m m o l y b d a t e b e p r e s e n t , E . R i c h t e r sa id 
t h a t t h e p r e c i p i t a t e is n e a r l y insoluble in a q . a m m o n i a , a n d i t is a lso insoluble 
in a feebly ac id soln. of a m m o n i u m n i t r a t e . H . S t r u v e sa id t h a t ace t ic ac id f avours 
t h e p r e c i p i t a t i o n ; whi le C R . F r e s e n i u s f o u n d t h a t in t h e p resence of a m m o n i u m 
m o l y b d a t e a n d free n i t r i c ac id , t h e p r e c i p i t a t i o n is r e t a r d e d b y hyd roch lo r i c ac id , 
a m m o n i u m a n d m e t a l chlor ides , t a r t a r i c ac id , a m m o n i u m t a r t r a t e or c i t r a t e , a n d 
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a n excess of p h o s p h o r i c ac id . Accord ing t o F . L . Sonnensche in , t h e following 
f a v o u r t h e d i sso lu t ion of t h e p r e c i p i t a t e : a la rge excess of w a t e r , or alcohol ; 
a lka l i h y d r o x i d e s , c a r b o n a t e s , or o r tho - , me ta - , or p y r o p h o s p h a t e s ; b a r i u m b o r a t e ; 
s o d i u m d i t h i o n a t e , t h i o s u l p h a t e , a c e t a t e , a r sen i te , or a r s e n a t e ; p o t a s s i u m s o d i u m 
t a r t r a t e ; a m m o n i u m o x a l a t e ; phospho r i c acid, or cone, su lphur i c ac id ; whi le 
a m m o n i u m m o l y b d a t e or s u l p h a t e ; p o t a s s i u m s u l p h a t e ; t a r t r a t e , o x a l a t e , 
n i t r a t e , ch lo ra t e , ch lor ide , b r o m i d e , or iodide ; sod ium b romide , or n i t r a t e ; or 
n i t r i c , hyd roch lo r i c , bo r i c , t a r t a r i c , oxal ic , or dil . su lphur ic acid, do n o t h a v e a 
so lven t ac t ion . F . L . S o n n e n s c h e i n also descr ibed a s o d i u m phosphatodeca-
molybdate . A . S. SchachofT r e c o m m e n d e d t h e following m o d e of p r e p a r a t i o n : 

Amir ionrurn m o l y b d a t e w a s p r e p a r e d d i r e c t f rom 600 g r m s . of c o m m e r c i a l m o l y b d i c 
ac id , a n d a n a q . so ln . -was t r e a t e d w i t h 1OO g r m s . of s o d i u m p h o s p h a t e , a n d s u b s e q u e n t l y 
w i t h 4OO c .c . of h y d r o c h l o r i c a c i d . T h e p r e c i p i t a t e d a m m o n i u m x ^ ^ ' s p h ^ ^ r a ^ l y h d t i t e , 
w a s h e d free f r o m ch lo r ide , w a s d i s so lved i n a so ln . of 200 g r m s . of s o d i u m h y d r o x i d e i n a 
s m a l l q u a n t i t y of w a t e r , t h e l i q u i d e v a p o r a t e d t o d r y n e s s , a n d t h e re s idue h e a t e d t o expe l 
t h e r e s i d u a l a m m o n i a . T h e s a l t w a s t h e n c rys t a l l i z ed f rom w a t e r , t h e final y ie ld be ing 
115—12O p e r c e n t , of t h e m o l y h d i c a c i d t a k e n . T h e p r o p o r t i o n s of -water of c rys t a l l i za t ion 
a n d of s o d i u m p r e s e n t v a r y i n di f ferent p r e p a r a t i o n s . 

I J . F . S v a n b e r g a n d H . S t r n v e r e p o r t e d p o t a s s i u m phosphatodecamolybdate , 
3 K 2 O . P 2 O f ) . 2 0 M o 0 3 . 3 H 2 O , t o be formed b y boi l ing t h e a m m o n i u m sa l t w i t h 
p o t a s s i u m h y d r o x i d e so long as a m m o n i a is g iven off, m i x i n g t h e colourless soln. 
w i t h n i t r i c ac id , a n d w a s h i n g t h e p r e c i p i t a t e w i t h w a t e r a c i d u l a t e d w i t h n i t r i c a c i d . 
H . D e b r a y o b t a i n e d i t b y a d d i n g p h o s p h a t o d e c a r n o l y b d i c ac id t o a soln. of a 
p o t a s s i u m s a l t — a p r e c i p i t a t e is fo rmed if on ly 0-002 p a r t of p o t a s s i u m b e p r e s e n t . 
T h e yel low, four-s ided p r i s m s lose w a t e r w h e n h e a t e d , a n d m e l t a t dul l r edness . 
Li. F . S v a n b e r g a n d H . S t r u v e sa id t h a t t h e sa l t is inso luble in w a t e r , a n d H . D e b r a y 
a d d e d t h a t i t is eas i ly so luble in a lka l i - lye . F . E p h r a i m a n d H . Herschf inkel 
prepared rubidium phosphatodecamolybdate, 3Kb2O.P2O5 .20MoO3 .12H20, as a 
yel low c rys ta l l ine p o w d e r , f rom a soln. of 20O c.c. of r u b i d i u m c a r b o n a t e (wi th 
10-94 g r m s . R b 2 O ) a n d 8-46 g r m s . of m o l y b d e n u m t r i o x i d e , a n d 0845 gr in , of P 2 O 5 
in 25 c.c. of w a t e r , a n d d r o p p i n g in 5O c.c. of n i t r i c ac id of sp . gr . 1-20. H . D e b r a y 
sa id t h a t microscopic c rys t a l s of s i lver phosphatodecamolybdate , 7 A g 2 O . P 2 O 5 . 
2 0 M o O 3 . 2 4 H 2 O , a r e p r e c i p i t a t e d b y t h e p h o s p h a t o d e c a r n o l y b d i c ac id f rom a soln. 
of s i lver n i t r a t e ; a n d if a n i t r i c ac id soln . of t h i s s a l t b e e v a p o r a t e d , yel low c rys ta l s 
of 2 A g 2 O . P 2 O 6 . 2 0 M o O 3 . 7 H 2 O a r e fo rmed . S imi la r ly , h e o b t a i n e d thaUous 
phosphatodecamolybdate , b y a d d i n g a n ac id soln. of a t h a l l o u s sa l t t o t h e p h o s p h a t o ­
deca rno lybd ic ac id . 

F . K e h r m a n n p r e p a r e d p h o s p h a t o e n n e a m o l y b d i c acid, P2O5 .18MoO3 .?? H 2 O , 
or H 1 2 [ P 2 O 2 ( M o 2 O 7 ) 9 ] . w H 2 0 , b y t r e a t i n g a w a r m soln. of t h e p o t a s s i u m sal t , in 
a sma l l p r o p o r t i o n of w a t e r a n d s u l p h u r i c ac id , w i t h five t i m e s i t s vol . of a lcohol . 
A n e q u a l vo l . of e t h e r w a s t h e n a d d e d t o t h e soln. , a n d af ter a l lowing t h e l iqu id 
t o s t a n d in a freezing m i x t u r e for s o m e t i m e , e v a p o r a t i n g i t ove r su lphur i c ac id . 
I t w a s also o b t a i n e d b y t r e a t i n g ye l low h y d r a t e d m o l y b d e n u m t r iox ide wi th 
boi l ing p h o s p h o r i c ac id , w h e n t h e dodeca -ac id first p r ec ip i t a t e s ; af ter t h e p r o d u c t 
h a s s t o o d s o m e weeks i t b e c o m e s l iquid , a n d w h e n t h i s is a l lowed t o crysta l l ize , 
t h e ennea -ac id s e p a r a t e s o u t . T h e ac id was also p r e p a r e d b y G. P o h l , a n d F . E l ias . 
T h e e n n e a - a c i d a p p e a r s t o b e a hydro lys i s p r o d u c t of t h e dodeca-ac id , for A. Rosen­
he im, a n d A . Miola t i f o u n d t h a t if a n aq . soln. of t h e dodeca -ac id is a l lowed t o 
s t a n d for s o m e weeks , i t g r a d u a l l y loses i t s p o w e r t o g ive a p rec ip i t a t e 
w i t h a m m o n i u m ch lor ide a n d i t h a s t h e n pas sed i n t o t h e ennea-ac id . The change 
is acce l e r a t ed b y a d d i n g a smal l p r o p o r t i o n of p h o s p h o r i c ac id t o t h e soln. 
E . Drechse l o b t a i n e d i t b y e x t r a c t i n g t h e soln. in di l . hydroch lo r i c ac id b y m e a n s 
of e the r , a n d t h e a q . e the rea l soln. e v a p o r a t e d . P h o s p h a t o e n n e a m o l y b d i c acid 
fu rn i shes o range- red , hygroscop ic p r i sms , a n d , i n a l lusion t o t h e colour-—luleus, 
y e l l o w — i t is a lso cal led luteophosphomolybdic acid. T h e ac id is freely soluble in 
w a t e r in a n y p r o p o r t i o n s . I t effloresces over su lphur i c acid , a n d i t t h e n r a p i d l y 
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dissolves in w a t e r w i t h o u t u n d e r g o i n g a n y chemica l c h a n g e . T h e ac id is q u a n t i ­
t a t i v e l y p r e c i p i t a t e d a s t h e p o t a s s i u m s a l t b y t h e a d d i t i o n of p o t a s s i u m ch lor ide . 
T h e orange-ye l low c rys t a l s a r e p r o b a b l y t h o s e of t h e tetracosi-hydrate, a l t h o u g h 
t h e ana lyse s s h o w b e t w e e n 24 a n d 3 0 H 2 O . If t h e o range-ye l low p r i s m s b e k e p t 
u n d e r t h e m o t h e r - l i q u i d a t 0° for s o m e t i m e , yel low c rys t a l s of t h e tetratriconti-
hydrate a r e fo rmed . A c c o r d i n g t o A . R o s e n h e i m a n d A. T r a u b e , t h e p rogress ive 
neu t r a l i z a t i on of t h e ennea -ac id b y a lka l i shows t h a t i t s b a s i c i t y i s m o r e t h a n s ix . 
T h e electr ical c o n d u c t i v i t y of t h e s o d i u m sal t , a n d t h e compos i t i on of t h e p h o s p h a t o -
e n n e a m o l y b d a t e s ag ree wi th t h e a s s u m p t i o n t h a t t h e a n i o n is e i t he r decabas i c , 
[ P ( O H ) ( M o 2 0 7 ) 4 - M o 2 0 7 - P ( O H ) ( M o 2 0 7 ) 4 ] , or else dodecabas i c : [PO(Mo 2 O 7 J 4 -
M o 2 O 7 - P O ( M o 2 O y ) 4 ] or [ P ( O H ) 2 ( M o 2 0 7 ) 4 ~ M o 2 0 7 - P ( O H ) 2 ( M o 2 0 7 ) 4 ] . A. R o s e n h e i m 
a n d A. T r a u b e f o u n d t h e eq . c o n d u c t i v i t y , A m h o s , of a soln. of one- twel f th of a 
mol of t h e ac id in v l i t res a t 25°, t o be : 

v . . 32 04 128 256 512 1024 
A . . 197-9 21OO 2 1 8 0 22(5-6 236-9 248-8 

T h e following a r e some r eac t ions of soln. of t h e ennea -ac id w i t h soln . of me ta l l i c 
sa l t s , e t c . r ecorded b y F . K e h r m a n n a n d E . B o h m : T h e r e is n o p r e c i p i t a t i o n w i t h 
sodium chloride owing t o t h e so lubi l i ty of t h e s o d i u m s a l t ; s imi la r ly a lso wi th 
ammonium chloride, b u t t h e a m m o n i u m sa l t c a n be sa l t ed o u t f rom t h e soln . b y 
a m m o n i u m chlor ide ; potassium, chloride g ives n o p r e c i p i t a t e , b u t t h e soluble 
p o t a s s i u m sa l t c a n b e sa l t ed o u t b y p o t a s s i u m chlor ide ; barium chloride g ives 
n o p r e c i p i t a t e s ince t h e b a r i u m sa l t is so soluble ; s imi la r r e m a r k s a p p l y t o mercuric 
chloride, t h e sulphates of copper, zinc, and cadmium, a n d t o lead nitrate—the soln . 
w i t h t h e l a t t e r sa l t soon decomposes w i t h t h e sej>aration of a w h i t e p o w d e r ; 
silver nitrate g ives a yel low, f locculent p r e c i p i t a t e soluble in w a t e r , b u t inso lub le 
in a di l . soln. of s i lver n i t r a t e ; m e r c u r o u s n i t r a t e g ives a yel low, p u l v e r u l e n t 
p r e c i p i t a t e v e r y spa r ing ly so luble in cold w a t e r b u t r a t h e r m o r e so luble in h o t 
w a t e r ; thallous sulphate g ives a d a r k yel low, c rys ta l l ine p r e c i p i t a t e , a p p r e c i a b l y 
soluble in h o t w a t e r ; stannous chloride g ives n o p r e c i p i t a t e b u t a b l u e r e d u c t i o n 
p r o d u c t is fo rmed in soln. ; s imi la r ly w i t h antimonous chloride ; stannic chloride 
gives n o pe rcep t ib l e c h a n g e ; methylamine, a n d dim&thylamine g ive n o p r e c i p i t a t e s ; 
pyridine, a n d quinoline g ive yel low flocculent p r e c i p i t a t e s a l m o s t inso luble i n cold 
or boi l ing w a t e r ; aniline, a n d p-toluidine g ive ye l low oily d r o p s w i t h fa i r ly cone , 
soln. , a n d t h e s e soon fo rm sca ly c rys ta l s , a n d a b lue r e d u c t i o n p r o d u c t ; a n d 
fi-naphthylamine g ives a yel low, oily p r e c i p i t a t e wh ich , w h e n w a r m , soon fo rms a 
c rys ta l l ine p o w d e r . 

F . K e h r m a n n a n d E . B o h m t r e a t e d b a r i u m p h o s p h a t o d o d e c a m o l y b d a t e w i t h 
di l . su lphur i c acid , a n d s a t u r a t e d t h e f i l tered soln . w i t h solid a m m o n i u m 
chlor ide ; o range , p r i s m a t i c c rys ta l s of a m m o n i u m p h o s p h a t o e n n e a m o l y b d a t e , 
( N H 4 J 6 H 6 [ P 2 O 2 ( M o 2 O v ) Q ] - I l H 2 O , were fo rmed . T h e a q . soln. c a n b e k e p t d a y s 
in t h e cold, b u t w h e n h e a t e d , a m m o n i u m p h o s p h a t o d e c a m o l y b d a t e is p r e c i p i t a t e d . 
E . E p h r a i m a n d M. B r a n d o b t a i n e d o r a n g e p y r a m i d a l c rys t a l s of l i t h i u m p h o s p h a t o ­
e n n e a m o l y b d a t e , L i 6 H 6 [ P 2 O 2 ( M o 2 O 7 ) 9 ] . 2 4 H 2 O , w h i c h lose 18 mol s . of w a t e r a t 
100°, a n d t h e r e m a i n d e r a t a r e d - h e a t ; t h e s a l t is soluble in cold w a t e r . F . E l i a s 
a lso o b t a i n e d a s imilar sa l t f rom a soln . of l i t h i u m c a r b o n a t e a n d m o l y b d i c ac id 
m i x e d w i t h phosphor i c ac id . C. F r i e d h e i m r e p o r t e d p r i s m a t i c c ry s t a l s of s o d i u m 
phosphatoenneamolybdate, 3Na 2O.P 205.I8Mo0 3 .25 or 26H2O, from a soln. of 
s o d i u m p h o s p h a t e a n d m o l y b d i c ac id . F . K e h r m a n n a n d E . B o h m p r e p a r e d 
p o t a s s i u m phosphatoenneamolybdate , 3 K 2 O . P 2 0 5 . 1 8 M o 0 3 . 1 4 H 2 0 , b y a d d i n g 
p o t a s s i u m chlor ide t o t h e co r r e spond ing a m m o n i u m sa l t . T h e o range- red , 
p r i s m a t i c c r y s t a l s a r e m o r e s t ab l e t h a n t h e a m m o n i u m sal t . ,The s a l t is s p a r i n g l y 
so lub le in cold w a t e r , b u t m o r e soluble i n h o t w a t e r . L . D u p a r c a n d F . P e a r c e 
g a v e for t h e ax ia l r a t i o s of t h e t r ic l in ic c r y s t a l s a : b : c = 0 - 5 9 3 8 : 1 : 0-6479, a n d 
a = 6 0 ° 5 0 ' , £ = 1 1 4 ° 22% a n d y = - 1 1 5 ° 2 6 ' . F . E l i a s r e p r e s e n t e d t h e s a l t a s con­
t a i n i n g H H 2 O a n d also 1 5 H 2 O . F . E p h r a i m a n d H , Herschf inke l bo i led a so ln . 
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of r u b i d i u m p h o s p h a t o d e c a m o l y b d a t e wi th r u b i d i u m ca rbona t e , e v a p o r a t e d t h e 
filtered soln., and obtained rubidium phosphatoenneamolybdate, 6RboO.P.>05. 
18MoO 3 . 10H 2 O. F . K e h r m a n n a n d E . B o h m observed t h a t p r e s u m a b l y copper 
phosphatoenneamolybdate is j>recipitated b y copper su lpha te f rom a soln. of t h e 
ac id . The p rec ip i t a t e is soluble in w a t e r : b y using mercu rous n i t r a t e , t h e y o b t a i n e d 
mercurous phosphatoenneamolybdate ; and with mercuric chloride, mercuric 
phosphatoenneamolybdate, 3HgO.P2O5.18IMoO3. 

A. Arnfe ld t r e a t e d t h e m o t h e r - l i q u o r o b t a i n e d in t h e p r e p a r a t i o n of m a n g a n o u s 
p h o s p h a t o d o d e c a m o l y b d a t e w i t h p o t a s s i u m chloride, a n d allowed t h e filtered 
l iqu id t o crys ta l l ize . P r i s m a t i c c rys t a l s of m a n g a n e s e phosphatoenneamolybdate , 
3 M n O . P 2 O 6 . 1 8 M o O 3 . 3 8 H 2 O , were o b t a i n e d . T h e crys ta l s lose 19 mols . of w a t e r a t 
9G° ; 33 mols . a t 100° ; 35 mols . a t 120° ; a n d all t h e w a t e r is expel led a t 150°. T h e 
sa l t fo rms a yel low soln. w i t h w a t e r . A t t e m p t s t o p r e p a r e ferric phosphatoennea­
molybdate were n o t successful. A. Arnfe ld o b t a i n e d cobalt phosphatoennea­
molybdate , 3 C o O . P 2 0 6 . 1 8 M o 0 3 . 3 8 H 2 0 , b y a l lowing t h e mother - l iqu or from the 
p r e p a r a t i o n of t h e p h o s p h a t o d o d e c a m o l y b d a t e t o s t a n d over su lphur ic acid. H e 
also obtained nickel phosphatoenneamolybdate, 3NiO.P2O5.18MoO3.34H2O, in 
green, t r ic l in ic c rys ta l s in a n ana logous m a n n e r . T h e sa l t doses 3() mols . o f - wate r 
a t 90° ; a n d 34 mols . a t 140°. The c rys t a l s effloresce in air , a n d form a green soln. 
w i th w a t e r . 

F . K e h r m a n n a n d K. B o h m found t h a t t h e hydro lys i s of a soln. of a p h o s p h a t o ­
e n n e a m o l y b d a t e furnishes u n s t a b l e sa l t s of phosphatohemiheptadecamolybdic 
acid, 2 P 2 0 B . 3 4 M o 0 3 . n H 2 0 , or H22L !^404(IVIo2O 7)37j-wHgO. If a cold, sa t . soln. 
of p o t a s s i u m h e x a h y d r o p h o s p h a t o e n n e a m o l y b d a t e is m i x e d wi th a soln. of 
p o t a s s i u m h y d r o c a r b o n a t e , lemon-yel low scales of po tas s ium phosphatohemi-
heptadecamolybdate, 5K 2 O.P 2 0 5 .17Mo0 3 .26H 2 0, or K20H2[P4O4(Mo2O7)17J.51H2O, 
a r e formed. T h e sa l t s lowly decomposes a t o r d i n a r y t e m p . , a n d immed ia t e ly 
on boi l ing. F . E l i a s also p r e p a r e d 3 K 2 O - P 2 O 5 . 1 7 M o O 3 . 1 2 H 2 O . F . K e h r m a n n 
and E. Bohm also prepared ammonium phosphatohemiheptadecamolybdate, 
5 ( N H 4 J 2 O . P 2 O 5 . 1 7 M o O 3 ^ H 2 O , i n b r i g h t yel low nodu les b y t h e ac t ion of a m m o n i u m 
h y d r o c a r b o n a t e on t h e a m m o n i u m p h o s p h a t o e n n e a m o l y b d a t e ; a n d similarly wi th 
sodium phosphatohemiheptadecamolybdate, 5Na 2 0.P 2 0 5 .17Mo0 3 .nH 2 O. By 
t r e a t i n g s o d i u m p h o s p h a t o e n n e a m o l y b d a t e w i t h a m m o n i u m chloride a n d 
ammonium hydrocarbonate, ammonium sodium phosphatohemiheptadecamolyb-
date , ( N H 4 ) 1 6 N a 6 [ P 4 O 4 ( M o 2 O y ) 1 7 ] . 3 3 H 2 O , is f o r m e d ; a n d s imilar ly with potass ium 
sodium phosphatohemiheptamolybdate, K3 6Na6[ P4O4(Mo2 O 7) x 7). 36H2 O. By 
double decomposition with silver nitrate, silver phosphatohemiheptadecamolybdate, 
Ag 2 2 [P 4 O 4 (Mo 2 O 7 O 1 7 ] .40H 2 O, is formed, a n d s imi lar ly with t h e quanidinium salt, 
(CN3Pt6)22[P4O4(Mo207)17j.40H2O. 

O. W . Oibbs reported ammonium phosphatoctomolybdute* 3(N-II4)J6O-PaO6-IoMoO*, 
14H a O, as a whi te precipitate , b y a process like t h a t used for the phosphatohemiponta-
m o l y b d a t e ; a n d J . Meschoirer, 5 ( N H 4 ) 2 O . P 2 0 6 . l G M o 0 3 , b y the act ion of 25 grms. of 
a m m o n i u m dihydrophosphate on a cold, cone. soln. of lOo grms. of a m m o n i u m molybdate . 

J . Meschoirer reported whi te crystal** of arthmonium phosphatolieptaniolybdaf*, 
9 ( N H 4 ) a O . 2 P 2 O 6 . 2 8 M o O 3 . 8 H a O , b y the act ion of 25 grms. of a m m o n i u m dihydrophosphate 
on a hot , cone soln. of 105 grms . of a m m o n i u m molybdate . P . "Ephraim and I i . H'erschfinkel 
reported caesium phosphatoheptadecamolubdate, 2 C s / ) . P 2 0 6 . 1 7 M o 0 3 . 3 H 2 0 , as a yel low, 
microcrystal l ine powder t o be formed b y the m e t h o d employed for rubidium 
phosphatodecamolybdate . 

F . E p h r a i m a n d M. Brand reported lithium plioaphatohvxamolybdate, 3Li 2O-P 2O 5 . 
12MoO3 .18H86O, t o be formed as a lemon-yel low microcrystal l ine powder by treating a 
cone . soln. of t h e phosphatohemipentamolybdate w i th dil. nitric acid. O. W. Oibbs found 
t h a t so ln . of w h a t he regarded as ammonium phosphatoJnacamolybdate, 2 (NTT 4 ) 2 0.2P a 0 5 . 
12MoO a . 3H a O, is dissolved b y a soln. of copper sulphate . 

O. W . Oibbs found t h a t w h a t he regarded as ammonium, phosphatotetramolybdate, 
2 ( N H 4 ) j j O . P a 0 5 . 8 M o 0 3 . 5 H 8 0 , gave no precipitate wi th a soln. of copper sulphate, nor is 
i t reduced b y boil ing w i t h or wi thout hydrochloric aeid. Ammonia gives a green, 
flocculent precipitate . 

J?V E p h r a i m and H . Herschfinkel obtained caesium phosphatotrimolybdctte, 3 C S 2 O - P 2 O B -
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6 M o O 3 - S H 2 O , a s a, w h i t e m i c r o - c r y s t a l l i n e p o w d e r , b y t h e m e t h o d u s e d for r u b i d i u m 
p l i o s p h a t o t e t r i t a o r m e a r n o l y b d a t e e x c e p t i n g t h a t csesium h y d r o x i d e is m i x e d first w i t h t h e 
p h o s p h o r i c ac id , a n d t h e so ln . t h e n s a t . w i t h m o l y b d e n u m t r i o x i d e . H . P e r l b e r g o r o b t a i n e d 
anvmoniunh cadt/iittm, phosphatotrirnolybdate, 2 ( N H 4 ) a O. C d O . P 2 O 6 . 6 M o O 3 . 8 H 2 O , b y t h e 
a c t i o n of a m m o n i u m p h o s p h a t o h e m i p e n t a m o l y b d a t e o n c a d m i u m ch lo r ide . 

3NJ. Sel igson p r e p a r e d a c o m p l e x of m o l y b d i c a c i d w i t h i nos i to l p h o s p h a t e , 
C e H 6 ( 3 S T H 4 H P 0 4 ) a . 6 M o 0 3 . 1 5 H a O . 

H . D e b r a y p r e p a r e d sa l t s of phosphatoherrripentamolybdic ac id , P 2 O 6 -SMoOs . 
TiH2O, b u t a d d e d t h a t t h e free ac id c a n n o t b e o b t a i n e d f rom t h e sa l t s because i t 
is d e c o m p o s e d i n t o p h o s p h o r i c ac id a n d p r e s u m a b l y p h o s p h a t o d o d e c a m o l y b d i c 
ac id . If a ye l low soln . of a p h o s p h a t o m o l y b d a t e b e t r e a t e d w i t h cone . a q . a m m o n i a , 
hydro lys i s occurs , t h e soln . b e c o m e s colourless, a n d a w h i t e p h o s p h a t o h e m i ­
p e n t a m o l y b d a t e is fo rmed . A . Miola t i a n d K . Pizzighel l i , a n d C. F r i e d h e i m 
showed t h a t t h e a n i o n is p r o b a b l y oc tobas ic , a n d , in t h e l a n g u a g e of t h e co-ord ina ­
t i on t h e o r y , c a n b e r e p r e s e n t e d [ P 0 2 ( M o 0 4 ) 2 - M o 0 4 - P 0 2 ( M o 0 4 ) 2 ] , or [ P 2 0 4 ( M o 0 4 ) r ) ] . 
Acco rd ing t o C. F r i e d h e i m , w h e n less t h a n t w o mols of m o l y b d e n u m t r i o x i d e 
r e a c t w i t h one of p o t a s s i u m h y d r o p h o s p h a t e t h e r e a r e fo rmed p o t a s s i u m d ihydro-
phosphatohemipentamolybdate, K6H2[P2O4(MoO4)Q]^H2O, and potassium tri-
hydrophosphatohemipentamolybdate, KgH3[P2O4(MoO4)S].4H2O. C. F . Rammels-
be rg o b t a i n e d white p r i s m s of t h e t r i h y d r o p h o s p h a t o h e m i p e n t a m o l y b d a t e b y 
a d d i n g p h o s p h o r i c ac id t o a soln. of p o t a s s i u m t r i m o l y b d a t e in as smal l a q u a n t i t y 
as p r a c t i c a b l e of p o t a s s i u m h y d r o x i d e soln. T h e r h o m b i c b i p y r a m i d s h a d t h e ax ia l 
r a t i o s a : b : c = 0 - 9 8 3 3 : 1 : 0-8209. T h e s a l t loses w a t e r a t 120°. F . A. Z e n k e r 
o b t a i n e d t h e d i h y d r o p h o s p h o h e m i p e n t a m o l y b d a t e b y e v a p o r a t i n g a soln. of p h o s ­
pho r i c ac id a n d m o l y b d e n u m t r iox ide in hydroch lo r i c acid, a n d s a t u r a t i n g t h e s y r u p y 
l iqu id w i t h p o t a s s i u m h y d r o x i d e ; H . D e b r a y , b y m e l t i n g t h e a m m o n i u m sa l t 
w i t h p o t a s s i u m n i t r a t e , a n d c rys ta l l i z ing f rom a q . so ln . ; a n d C F . H a m m e l s b e r g , 
b y m e l t i n g a m o l of p o t a s s i u m c a r b o n a t e , 2 mols of m o l y b d e n u m t r i o x i d e , a n d 
m i x i n g a soln. of t h e p r o d u c t w i t h p h o s p h o r i c ac id . T h e colourless , r h o m b i c 
b i p y r a m i d s h a v e t h e ax ia l r a t i o s a : b : c—0-7199 : 1 : 0 -7151. T h e a q . soln . 
h a s a n ac id r eac t ion , a n d gives a p r e c i p i t a t e w i t h n i t r i c or h y d r o c h l o r i c ac id . 
C. F r i e d h e i m obse rved t h a t if t w o mo l s of m o l y b d e n u m t r i ox ide a re m i x e d w i t h a 
m o l of p o t a s s i u m h y d r o p h o s p h a t e , t h e h e m i h e p t a d e c a m o l y b d a t e is fo rmed , a s well 
as potassium tetrahydrophosphatohemipentamolybdate, K4H4[P2O4(MoO4J5].4H2O 
— s o m e p h o s p h a t o d i m o l y b d a t e i s f o r m e d . F . A . Z e n k e r r e p o r t e d a m m o n i u m 
dihydrophosphatohemipentamolybdate, (NH4)6H2[P204(Mo04)6] .6H20, to be 
f o r m e d b y t h e s p o n t a n e o u s e v a p o r a t i o n of a n a m m o n i a soln. of a m m o n i u m 
p h o s p h a t o d e c a m o l y b d a t e . T h e first c rop of c rys t a l s is a m m o n i u m p a r a m o l y b d a t e . 
T h e n e x t c rop of c rys t a l s c an be purif ied b y c rys ta l l i za t ion f rom h o t w a t e r a n d a 
l i t t l e a m m o n i a . O. W . Gibbs , H . D e b r a y , a n d A. W e r n c k e p r e p a r e d i t f rom a 
soln. of a m m o n i u m m o l y b d a t e a n d a m m o n i u m p h o s p h a t e . H . Pe r lbe rge r , a n d 
J . Meschoi rer a lso p r e p a r e d t h e h e x a h y d r a t e ; a n d H . P e r l b e r g e r r e p o r t e d a 
heptahydrate ; A . Mazzucchel l i a n d G. Zangr i l l i o b t a i n e d t h e heptadecahydrate 
b y c o n c e n t r a t i n g a soln. of a m m o n i u m h y d r o p h o s p h a t e i n a l i t t l e w a t e r , m i x e d 
w i t h a m m o n i u m m o l y b d a t e , a n d h y d r o g e n d iox ide . F . A . Zenke r , a n d O. W . G i b b s 
s a id t h a t t h e c ry s t a l s a r e t r ic l inic p r i s m s w h i c h a r e s t ab l e i n d r y air , b u t b e c o m e 
o p a q u e in m o i s t a i r . T h e sa l t is t h e n no longer soluble in w a t e r . T h e s a l t is 
freely soluble in h o t w a t e r , b u t less so luble in cold w a t e r . T h e a q . soln . h a s a n 
ac id r eac t i on , a n d w h e n t h e aq . soln. is boi led o r a l lowed t o s t a n d e x p o s e d t o a i r , 
a m m o n i a is g iven off, a n d a wh i t e p r e c i p i t a t e is fo rmed . O. W . G i b b s r e p o r t e d 
w h i t e or colourless c rys t a l s of a m m o n i u m tr ir iydrophosphatohemipentaxuolybdate , 
( N H 4 ) 6 H 3 [ P 2 0 4 ( M o 0 4 ) 5 ] . 2 H 2 0 , t o be f o r m e d b y cool ing a h o t soln. of m o l y b d e n u m 
t r i o x i d e in one of a m m o n i u m p h o s p h a t e ; a n d a lso t h e tetrahydrate b y n e u t r a l i z i n g 
p h o s p h o r i c ac id w i t h a m m o n i a , a d d i n g a m m o n i u m p a T a m o l y b d a t e ; on e v a p o r a t i o n , 
t h e r e is f o r m e d a gum- l ike m a s s wh ich y ie lds w h i t e o r colourless p l a t e s eas i ly soluble 
in w a t e r . H . P e r l b e r g e r also p r e p a r e d t h e hexahydrate. J . Meschoi re r a lso p r e p a r e d 
t h e d i h y d r a t e ; a n d H . Pe r lbe rge r , A . Arnfe ld , a n d J , Meschoi re r r e p o r t e d a 
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hemitridecahydrate, a n d H . P e r l b e r g e r , a he&ahydrate. F . E p h r a i m a n d M. B r a n d 
p r e p a r e d a c o m p l e x of a m o l of l i t h i u m dihydrophosphatohemipentamolybdate» 
L i 6 H 2 [ P 2 0 4 ( M o 0 4 ) 5 ] , a n d 6 mo l s of l i t h i u m p h o s p h a t e f rom a soln. of 3 rnols of 
l i t h i u m m o l y b d a t e , 2 m o l s of m o l y b d e n u m t r iox ide , a n d a rnol of p h o s p h o r u s 
p e n t o x i d e in w a t e r . T h e y a lso o b t a i n e d t h e sa l t 3 L I I 2 O - P 2 O 5 - S M O O 3 , w i t h 16 a n d 
1 7 H 2 O . H . D e b r a y p r e p a r e d s o d i u m dihydrophosphatoheinipentainolybdate , 
N a 6 H 2 [ P 2 O 4 ( M o O 4 J 5 ] . 1 3 H 2 O , a s i n t h e case of t h e p o t a s s i u m sa l t . H . D u f e t sa id 
t h a t t h e c r y s t a l s a r e r h o m b i c b i p y r a m i d s w i t h t h e ax ia l r a t i o s a : b : c 
= 0 - 7 9 6 6 : 1 : 1-0726 ; t h e (102)-c leavage is c o m p l e t e ; t h e opt ica l c h a r a c t e r is 
n e g a t i v e . F o r Li - , N a - , a n d Tl- l ight , a t 20°, t h e op t i c ax ia l angle , 2 V9 is r espec t ive ly 
51° 16 ' , 51° 18-5 ' , a n d 51° 16 ' ; a n d 2E9 r e spec t ive ly , 90° 2 \ 90° 35 ' , a n d 90° 58 ' , 
whi le t h e ind ices of re f rac t ion a r e , r e spec t ive ly , a, = l -5906, 1*5962, a n d 1-6017 ; 
£—1-6328 , 1-6411, a n d 1-6494 ; a n d r = l - 6 4 2 0 , 1-652O, a n d 1-6610. A rise of t e m p , 
of 1° m a k e s t h e ang le 2E a b o u t 10 ' sma l l e r . F . E p h r a i r n a n d H . Herschf inkel 
c o u l d n o t p r e p a r e rub id ium p h o s p h a t o h e m i p e n t a m o l y b d a t e . O. W . Gibbs found 
t h a t c o p p e r s u l p h a t e g a v e n o p r e c i p i t a t e w i t h a soln . of a m m o n i u m p h o s p h a t o -
h e m i p e n t a m o l y b d a t e ; H . P e r l b e r g e r o b t a i n e d copper phosphatohemipenta -
m o l y b d a t e , 3 C u O . P 2 O 6 . 5 M o O 3 , b y t h e m e t h o d u s e d b y A. Arnfe ld for t h e m a n g a n e s e 
a n d c o b a l t s a l t s . H e also o b t a i n e d a m m o n i u m copper p h o s p h a t o h e m i p e n t a m o l y b ­
date , 3 { ( N H 4 ) 2 . C u } 0 2 . p 2 0 6 . 5 M o O 3 . 3 H 2 O , b y m i x i n g a q . soln. of a m m o n i u m a n d 
c o p p e r p h o s p h a t o m o l y b d a t e s ; l ikewise a lso b y t h e a d d i t i o n of p o t a s s i u m chlor ide , 
p o t a s s i u m copper p h o s p h a t o h e m i p e n t a m o l y b d a t e , 3 K 2 O . C u O . 2P 2 O 5 . 10MoO 3 . 
1 8 H 2 O , w a s o b t a i n e d . H . D e b r a y r e p o r t e d s i lver phosphatohemipentamolybdate , 
3 A g 2 O . P 2 O 5 . 5 M o O 3 . 5 H 2 O , t o b e f o r m e d b y t h e a c t i o n of a lka l i h y d r o x i d e or 
c a r b o n a t e on s i lver p h o s p h a t o d e c a m o l y b d a t e . T h e colourless c rys ta l s a re soluble 
in w a t e r . C. F r i e d h e i m p r e p a r e d c r y s t a l s of p o t a s s i u m c a l c i u m p h o s p h a t o ­
h e m i p e n t a m o l y b d a t e , 3 K 2 0 . 2 C a O . 2 P 2 O 5 . 1 0 M o O 3 . 2 2 H 2 O , f rom soln. of ca lc ium 
ch lo r ide a n d p o t a s s i u m p h o s p h a t o h e m i d e c a m o l y b d a t e . H . Pe r lbe rge r p r e p a r e d 
cadmium phosphatohemipentamolybdate, 3CdO.P2O5 .5MoO3 .5H2O, as in the case 
of the copper salt. O. W. Gibbs obtained mercurous phosphatohemipentamolyb-
date b y t h e a c t i o n of m e r c u r o u s n i t r a t e o n t h e a m m o n i u m sa l t . 

A. Arnfeld prepared manganese phosphatohemipentamolybdate, 3MnO.P2O6 . 
5 M o O 3 . 2 0 H 2 O , or M n 3 H 2 [ P 2 O 4 ( M o O 4 ) 5 ] . 1 9 H 2 O , b y a l lowing 9 g r m s . of freshly 
p r e c i p i t a t e d m a n g a n e s e h y d r o p h o s p h a t e a n d 18 g r m s . of m o l y b d e n u m t r iox idc 
t o s t a n d in co ld w a t e r for 14 d a y s . T h e fi l tered l iqu id is e v a p o r a t e d t o a s y r u p y 
cons i s t ency , a n d t r e a t e d wi th a lcohol . T h e yel low, mic rocrys ta l l ine powder , 
loses 16 mo l s of w a t e r a t 90° , a n d a n o t h e r m o l a t 100° ; all t h e w a t e r is expel led 
a t 150°. T h e sa l t is eas i ly so luble in w a t e r , a n d s p a r i n g l y soluble in a lcohol . 
T h e a q . soln. g ives a p r e c i p i t a t e w i t h a m m o n i u m or p o t a s s i u m chlor ide . If a 
so ln . of a m o l of a m m o n i u m p h o s p h a t o h e m i p e n t a m o l y b d a t e is t r e a t e d w i t h 10 mols 
of m a n g a n o u s ch lor ide , a n d e v a p o r a t e d ove r su lphur i c acid, c rys ta l s of a m m o n i u m 
manganous phosphatohemipentamolybdate, (NH 4 ) 8MnH 2 [P 20 4 (Mo0 4 ) 5 ] 2 .12H 20, 
a r e fo rmed . A co ld so ln . of a m o l of a m m o n i u m p h o s p h a t o h e m i p e n t a m o l y b ­
d a t e a n d a m o l of m a n g a n o u s ch lor ide gives microscopic needles of a m m o n i u m 
manganous dihydropliosphatohemipentamolybdate,, (NH4)2Mn2H2[P204(Mo04)5]. 
1 9 H 2 O . A soln . of a m o l of p o t a s s i u m p h o s p h a t o h e m i p e n t a m o l y b d a t e a n d 10 mols of 
manganous chloride gives potassium manganous phosphatohemipentamolybdate, 
K 6 M n 2 H 2 [ P 2 0 4 ( M o 0 4 ) 5 ] 2 . 2 9 H 2 0 , as a yel low, mic roc rys t a l l i ne p o w d e r , A t t e m p t s 
to prepare ferric phosphatohemipentamolybdate, Fe2O3-P2O5 .5MoO3 .^H2O, gave 
a p r o d u c t of v a r i a b l e compos i t i on . T h e g r o u p [ P 2 O 4 ( M o O 4 J 5 ] h a s a bas ic i ty of 8, 
a n d [P 2 O 4 (MoO 4 )S ] 2 h a s a ba s i c i t y of 12. 

A. Arnfeld obtained cobaltous phosphatohemipentamolybdate, Co3H2[P2O4-
( M o 0 4 ) 6 ] . 1 5 £ or 1 6 J H 2 O , a s i n t h e case of t h e m a n g a n e s e sa l t ; or b y e v a p o r a t i n g 
a d i l . so ln . of a m o l of p h o s p h o r i c acid, 5 mol s of m o l y b d e n u m t r iox idc , a n d t h e 
t h e o r e t i c a l q u a n t i t y of c o b a l t c a r b o n a t e ; or b y t h e a c t i o n of a mol of coba l tous 
p h o s p h a t e o n 10 mol s of m o l y b d e n u m t r i ox ide s u s p e n d e d in w a t e r . The brownish-
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red c rys ta l l ine m a s s is e x t r e m e l y soluble in -water, a n d t h e soln. -with a lcohol 
p r ec ip i t a t e s a n oily l iqu id wh ich soon crys ta l l izes . If a m o l of a m m o n i u m 
p h o s p h a t o h e m i p e n t a m o l y b d a t e be t r e a t e d w i t h a soln. of 3 mole of c o b a l t o u s 
chloride in hot water, ammonium cobaltous dihydrophosphatohemipentamolybdate, 
(NH 4 J 2 Co 2 H 2 [P 2 O 4 (MoO 4 )S]-QH 2 O, s e p a r a t e s o u t o n cooling as a b r ick- red , m ic ro -
crys ta l l ine p r e c i p i t a t e wh ich is d e c o m p o s e d b y w a t e r . A soln. c o n t a i n i n g a mo l of 
a m m o n i u m p h o s p h a t o h e m i p e n t a m o l y b d a t e a n d 10 mols of c o b a l t o u s chlor ide 
furnishes rose-coloured crystals of ammonium cobaltous phosphatohemipenta­
molybdate, (NH 4 ) 8 CoH 2 [P 2 0 4 (Mo0 4 ) 5 ] 2 . l lH 2 0, when evaporated over sulphuric 
acid . T h e sa l t is spa r ing ly soluble in cold w a t e r . T h e co r respond ing p o t a s s i u m sa l t s 
-—potassium cobaltous dihydrophosphatohemipentamolybdate, K2Co2H2[P2O4-
(MoO4) 5 ] . 14H2O, and potassium cobaltous phosphatohemipentamolybdate, 
K 8 C o H 2 [ P 2 0 4 ( M o 0 4 ) 5 ] 2 . l l H 2 0 — w e r e o b t a i n e d b y ana logous processes . 

A. Arnfeld prepared nickel phosphatohemipentamolybdate, Ni3H2[P2O4(MoO4) 5 ] . 
1 9 H 2 O , b y boi l ing a mo l of f resh ly -prepared nickel p h o s p h a t e , a n d 5 mols of m o l y b ­
d e n u m t r iox ide w i t h w a t e r , e v a p o r a t i n g t h e g reen soln. t o a s y r u p y cons i s t ency , 
a n d a d d i n g alcohol . T h e oily l iqu id crys ta l l izes over p h o s p h o r u s p e n t o x i d e . 
T h e g reen needles a re decomposed b y cold w a t e r . Green c rys t a l s of a m m o n i u m 
nickel dihydrophosphatohemipentamolybdate, (NH 4 ) 6Ni 2H 2 [P 20 4 (Mo0 4 ) 5 ] .9H 20, 
and of ammonium nickel phosphatohemipentamolybdate, (NH4J8NiH2[P2O4-
(Mo0 4 ) 5 ] 2 . l lH 2 0 , as well as of potassium nickel dihydrophosphatohemipenta-
molybdate, K 2 Ni 2 H 2 [P 2 0 4 (Mo0 4 ) 5 ] .12H 2 0, and potassium nickel phosphatohemi­
pentamolybdate, K 8 NiH 2 [P 2 0 4 (Mo0 4 )5 ] 2 . l lH 2 0 , were obtained as in the case of 
t h e co r respond ing coba l t ous sa l t s . 

F . E p h r a i m a n d H . Herschf inke l r e p o r t e d rub-idium phoftphatotetritaenneamolybdcttc, 
5Hb 2 0 .2P 2 O 5 .V )MoO 3 . 13H 2 O, a s a -white, c rys t a l l i ne p o w d e r , f rom a soln . of a m o l of 
r u b i d i u m c a r b o n a t e a n d 0-5 m o l of phoRphorus p e n t o x i d o boi led w i t h a m o l of m o l y b d e n u m 
t r i ox ide . T h e fi l tered so ln . is c o n c e n t r a t e d b y e v a p o r a t i o n a n d a l lowed t o s t a n d for 
c rys t a l l i za t ion . -H. P e r l b e r g e r p r e p a r e d ammonium cadmium 'phosphatotelrUaenriea,-
molybdatc, 3 ( N H 4 ) a 0 . 2 C d 0 . 2 P a 0 6 . 9 M o 0 8 . 1 4 H a O , b y t h e a c t i o n of c a d m i u m ch lo r ide on a 
so ln . of t h e p o n t a m m o n i u m p h o s p h a t o h e m i p e n t a m o l y b d a t e . 

O . W . C i b b s r e p o r t e d ftariwm pho&phatofic,acitatetra<deca,m>olybd<Ue, 4 B a 0 . 3 P 2 0 5 . 1 4 M o O 3 . 
55M 2 O, from a. soln . of b a r i u m h e x a m e t a p h o s p h a t e i n a m m o n i u m h e p t a m o l y b d a t o . If 
t h e soln . b e t r e a t e d w i t h m o r c u r o u s n i t r a t e , a m e r c u r y sa l t is o b t a i n e d . 

O. W . G ibbs also r e p o r t e d ammonium stannic pho8pha£ohv,xitetradecamolybdctt>e9 3(2STH4)20. 
4 S n 0 2 . 3 T >

2 0 5 . l 4 M o O 3 . 2 8 H 2 O , t o b e o b t a i n e d a s a yel low, c ry s t a l l i ne p r e c i p i t a t e b y t h e 
ac t i on of a m m o n i u m c h l o r o s t a n n a t e o n a soln . of a n a lka l i p h o s p h a t o m o l y b d a t o . T h e 
p r o d u c t is a l m o s t inso lub le i n bo i l ing w a t e r . 

C. F r i e d h e i m p r e p a r e d t h e p o t a s s i u m sa l t of phosphatodimolyhdic ac id , 
H 3 [ P O 2 ( M o O 4 ^ ] WrI2O. B y t h e i n t e r a c t i o n of a m o l of p o t a s s i u m h y d r o p h o s p h a t e 
a n d 2 mols of m o l y b d e n u m t r iox ide , t h e r e a r e fo rmed h e m i p e n t a m o l y b d a t e s a n d 
potass ium hydrophosphatodimolybdate , K 2 H [ P 0 2 ( M o 0 4 ) 2 ] . 3 £ H 2 0 . C. F r i e d h e i m , 
a n d A. Mazzucchel l i a n d G. Zangri l l i also p r e p a r e d a m m o n i u m hydrophosphatod i -
molybdate , ( N H 4 ) 2 H [ P 0 2 ( M o 0 4 ) 2 ] . 2 H 2 0 , a n d t h e hemipentahydrate. F . E p h r a i m 
a n d M. B r a n d r e p o r t e d l i t h i u m p h o s p h a t o d i m o l y b d a t e , 5 L i 2 0 ( P 2 0 5 . 4 M o 0 3 ) 2 - 2 8 H 2 0 , 
t o b e fo rmed in wh i t e needles , f rom a boi l ing soln. of 25 g r m s . of l i t h i u m p h o s p h a t e 
a n d 77 g r m s . of m o l y b d i c ac id . T h e sa l t loses 16 mols . of w a t e r a t 100°, 18 mols . 
a t 120°, 23 mols . a t 145°, a n d t h e r e m a i n d e r a t a r e d - h e a t . H . Pe r lbe rge r o b t a i n e d 
copper phosphatodimolybdate , 2 C u O . P 2 0 5 . 4 M o 0 3 . 1 9 or 2 0 H 2 O , b y t h e ac t i on of 
a soln. of m o l y b d i c ac id and coppe r ox ide on p h o s p h o r i c ac id . A. Arnfe ld p r e p a r e d 
cobalt hydrophosphatodimolybdate, GoH[P02(Mo04)2] .wH20, as a brown 
a m o r p h o u s p r e c i p i t a t e , b y h e a t i n g in a sealed t u b e a m i x t u r e of a mo l of a m m o n i u m 
p h o s p h a t o h e m i p e n t a m o l y b d a t e , 3 mol s of coba l tous chlor ide a n d 25 c.c. of 
wa te r , a n d l ikewise also a green p r e c i p i t a t e of n i cke l hydrophosphatodimolybdate , 
N i H [ P 0 2 ( M o 0 4 ) 2 ] . n H 2 0 . 

C). F r i e d h e i m o b t a i n e d t h e p o t a s s i u m sa l t of phosphatomolybdic ac id , 
H 3 I P O 3 ( M o O 4 ) J ^ H 2 O , n a m e l y p o t a s s i u m p h o s p h a t o m o l y b d a t e , K H 2 [ P O 3 ( M o O 4 ) ] . 
H H 2 O , from a soln. of a mol of potassium dihydrophosphatomolybdate, and a mot 
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of m o l y b d e n u m t r i o x i d e . T h e sa l t m a y be c o n s t i t u t e d ( H O ) 2 - P O - K M o O 4 . 
J . Meschoirer a lso o b t a i n e d a m m o n i u m dihydrophosphatomolybdate , ( N H 4 ) H 2 -
[PO 3 (MoO 4 ) ] . 

F . E p h r a i m a n d H . Herschfinkel found t h a t the evaporat ion of the mother- l iquid 
obta ined i n t h e preparat ion of rubid ium phosphatote tr i taenneamolybdate furnishes 
rubidium, phosphatohexitadecamolybdate* 7 R b 2 0 . 3 P 2O 5 .10MoO 3 .15 ^H 2 O. 

M. Sel igsohn reported ammonium lead phosphatopentadecamolybdate, 3(NH4)J20.3OPbO. 
P 2 O 6 . 30MoO 3 , t o be formed b y boi l ing t h e lead phosphate w i t h an excess of a soln. of 
lead ace ta te . I t is a w h i t e powder . W . Bodenbinder reported a calcium, lead phosphato-
molybdate t o occur i n p la te s , resembl ing wulfenite , in the plumbocalci te of San Luis , 
Argent ine . I t s sp . gr. is over 7. 

O. W . Gribbs o b t a i n e d orange-yel low crystals of platinum phosphatomolybdate b y dis­
so lv ing plat inio hydrox ide i n a boi l ing so ln . of sod ium phosphatododecamolybdate and 
evaporat ing t h e filtered l iquid. 

Owing t o t h e r e a d y hydro lys i s of p y r o p h o s p h o r i c ac id in a q . soln. t o form 
o r t h o p h o s p h o r i c ac id , i t is n o t possible t o o b t a i n a m m o n i u m a n d po t a s s ium py ro ­
p h o s p h a t e s of a h i g h degree of p u r i t y in a q . soln. A. R o s e n h e i m a n d T. T r i a n t a p h y l -
l ides p r e p a r e d s o d i u m molybd ic pyrophosphate , N a ( M o P 2 O 7 ) . 1 2 H 2 O , in b r o w n 
p r i s m s , b y a d d i n g a soln. of t r i p o t a s s i u m m o l y b d i c hexach lo r ide t o a soln. of 
s o d i u m p y r o p h o s p h a t e a t 80° t o 90° . A. R o s e n h e i m a n d M. Schap i ro t r i ed t o 
p r e p a r e p o t a s s i u m a n d a m m o n i u m p y r o p h o s p h a t o m o l y b d a t e s b y t h e use of p y r o ­
p h o s p h a t e s i n s t e a d of t h e o r t h o p h o s p h a t e s , b u t t h e r e su l t s were unsa t i s fac to ry . 
T h e p r o d u c t s we re p r o b a b l y m i x t u r e s of o r d i n a r y p h o s p h a t o d o d e c a m o l y b d a t e s 
w i t h t h e p y r o p h o s p h a t o m o l y b d a t e s . B y h e a t i n g a soln . of 12 mols of l i t h i u m 
m o l y b d a t e , a n d a d d i n g a m o l of l i t h i u m p y r o p h o s p h a t e , a pa l e yel low, micro-
crystalline precipitate of lithium pyrophosphatododecamolybdate, 2Li2O-P2O5. 
1 2 M o O 3 . 1 7 H 2 O , is p r o d u c e d . T h e s a l t fo rms a ye l low soln. w i t h wa te r , a n d t h e 
soln . is decolor ized b y m i n e r a l ac ids owing t o t h e hydro lys i s of t h e p y r o p h o s p h a t e . 
A. R o s e n h e i m a n d M. S c h a p i r o a d d e d t h a t es ist nicht un-wahrschetnlick t h a t t h e 
c o m p o u n d is t h e s a m e a s F . E p h r a i m a n d M. B r a n d ' s 3 I n 2 O . P 2 O 5 . 1 2 M o O 3 . 1 8 H 2 O . 
A boi l ing soln. of 12 mols of n o r m a l s o d i u m m o l y b d a t e a n d a mol of sod ium pyro ­
p h o s p h a t e w i t h 24 mols of h y d r o c h l o r i c ac id , w h e n cooled depos i t s pa le yel low, 
microscopic plates of sodium pyrophosphatododecamolybdate, 2Na2O.P2O5 . 
12MoO 3 . 26H 2 O. T h e yel low, a q . soln. becomes colourless in t h e presence of 
h y d r o c h l o r i c ac id owing t o t h e hyd ro ly s i s of t h e p y r o p h o s p h a t e t o o r t h o p h o s p h a t e . 

According t o O. 1W. Gribbs, if t h e orange prec ipi tate w h i c h a m m o n i a produces in 
a so ln . of s o d i u m gold pyrophosphate be boi led w i t h a so ln . of a m m o n i u m molybdate , 
pale ye l low ammonium gold amminophosphatomolybdate, 24NH 3 . 12Au 2 O 3 . 7P 2 O 5 . 3MoO 3 . 
2 1 H 2 O , is formed. I t exp lodes w h e n hea ted . A dark orange-red, crystall ine precipitate 
is produced w h e n a soln. of s o d i u m gold chloride i s treated wi th sodium pyrophosphate -
m o l y b d a t e ; a n d if the precipi tate be boi led w i t h a soln. of a m m o n i u m molybdate , 
orange-red crystals of sodium gold amminophosphatomolybdate, Na 2 O-^Au 2 O 3 . 15NH 3 . 
2P 2 O 5 . 1 IMoO 3 .1OH 2O, are formed. T h e sal t exp lodes w h e n heated ; it forms a turbid liquid 
w i t h hot water ; a n d disso lves i n h o t hydrochloric acid. A soln. of sod ium gold pyro­
phosphate , A u N a F 2 O 7 , boi led w i t h a m m o n i u m molybdate g a v e a buff precipitate of 
ammonium sodium gold pyrophosphatohemihenamolybdate, 1 5 ( N H 4 ) 2 O . N a 2 0 . 6 A u 2 0 3 . 4 P a 0 5 . 
2 2 M o O s . 5 H a O . I t does n o t exp lode w h e n heated . 

O. W . Oibbs described ammonium manganous pyrophosphatomolybdate, 5 (NH 1 J 2 O. 
1 OMnO.2P 2O 5 .20MoO 8 .1OH 2O, as a reddish-yel low, sparingly soluble precipitate , formed 
b y digest ing m a n g a n o u s p y r o p h o s p h a t e for some t ime w i t h a cone. soln. of a m m o n i u m 
paramolybdate . L ikewise a lso sodium manganous pyrophosphatomolybdate, 9 N a 2 0 . 7 M n O . 
2 P a 0 6 . 2 2 M o 0 8 . 5 7 H 2 0 , b y the ac t ion of manganous chloride o n a boi l ing soln. of sodium 
pyrophosphate a n d m o l y b d e n u m trioxide. The pale red, amorphous precipitate becomes 
crystal l ine w h e n a l lowed t o s t a n d under its mother-l iquor. W h e n crystall ized from hot 
water , i t forms sulphur-yel low crystals . I t is sparingly soluble in cold water, and fairly 
soluble i n h o t water . 

G. Den iges 3 o b t a i n e d sapphi re -b lue , h e x a g o n a l p l a t e s of a molybdos ic p h o s ­
phate , [ 4 M o O 3 - M o O 2 J 2 H g P O 4 ^ H 2 O , from a soln. of s o d i u m m o l y b d a t e a n d sod ium 
h y d r o p h o s p h a t e . A. Verda sa id t h a t t h e p r o d u c t is o b t a i n e d on ly when t in or 
a l u m i n i u m is p r e sen t , a n d t h a t t h e b lue p r o d u c t is soluble in e the r . 
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CHAPTER LXII 
TUNGSTEN 

§ 1. The History of Tungsten 

T H E history of tungsten is closely associated with a mineral which was thought 
t o contain t in, presumably because of i ts density . Thus, J. G. Wallerius x called the 
mineral from Bohemia lapides stanniferi spathacei; C. von Linnaeus, stannum 
spathosum subdiaphanum album; and A. F . Cronstedt, ferrum calciforme, terra quada?n 
incognita intime mixtum. In Sweden, the mineral was called tungsten—from the 
Swedish tung, h e a v y or ponderous ; and sten, s tone—and A. G. Werner called i t 
Sc h werstein. 

G. Agricola also referred to another brownish-black mineral which he called 
lupi spuma, or lapis niger ex quo conflatur candidum plumbum (tin) ; J. G. Wallerius 
called i t volfram, and regarded it as ferrum arsenico mineralisatum; while 
A. F . Cronstedt called i t wolfram, and added t h a t i t contains magnesia {i.e. Mn) 
parva cum portione martis et jovis mixta. I t was also called lupis jo vis in allusion 
t o i t s weight . R. J . Hai iy called the mineral scheelin ferrugine* ; and A. Breithaupt, 
Wolframite, the name which i t n o w bears. This mineral was described b y L. Ercker, 
P . Albinus, A. v o n Schonberg, B . Rossler, J . A. Cramer, J. F . Henckel , S. Rinrnan, 
etc. G. Agricola suggested t h a t the term wolfram comes from the German word 
" wolf / ' and " ram >9 or rahm- froth ; hence his Lat in term lupi sputna for wolfram. 
Others deny this derivation and say tha t the term is of unknown origin. According 
to A. Gurlt, and W. Pryce, th e t in miners of Saxony and Bohemia called it wolf, 
wolfart, xvolfort, wolfrig, and wolffert (A. v o n Schonberg), i.e. the wolfish or devouring 
ore, in al lusion—as s tated b y A. Rossing, and others—to the low yield of t in obtained 
from t in ores associated wi th this mineral. The ore was also called woolfram 
(J. A . Cramer), and wolferam (L. Ercker). Lupus, or wolf, was one of the alchemist's 
t erms for a n t i m o n y (q.v.) ; and G. Agricola's term lupus spuma is now understood 
t o m e a n t h a t the mineral was mistaken for an ant imony ore. The spuma is pro­
bably an allusion t o the scum formed when, say, gold is purified b y melt ing it with 
ant imony . According t o T. Blair, the termination ram has a similar signification 
t o t h a t of spuma—a term applied b y the Germans to substances with a laminated 
structure. I . Koppe l discussed the history of tungsten. The t in miners of Corn-
Wall regarded i t as an obnoxious ore because " i t eats up t in as a wolf eats up sheep/* 
a n d t h e y n a m e d i t cal or call or mock-lead. W. Pryce said : 

I n Cornwall , after t h e t i n is separated f rom all o t h e r i m p u r i t i e s , t h e r e r e m a i n s a q u a n t i t y 
of t h i s mineral substance , cal, wh ich , b e i n g of e q u a l g r a v i t y , c a n n o t b e s e p a r a t e d from t h e 
t i n ore b y w a t e r ; therefore th i s reduces i t s va lue d o w n t o e ight or nine p a r t s of m e t a l for 
t w e n t y of mineral . 

J , F . Henckel said tha t wolfram is an arsenical and ferruginous ore of tin. 
J . G* Wallerius, and A. Cronstedt regarded i t as a kind of manganese ore containing 
t in and iron ; J . H . G. v o n Just i , an ore containing iron, arsenic, t in, and an earth 
which is not metal l ic—and, added J. W. Baumer, sulphur and calcareous earth ; 
GL A. Scopoli , an ore of t in yielding 28 lbs. per hundredweight; B . G. Sage, a 
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combination of iron and basalt ; and J. G. Lehmann, a vitrifiable or glassy 
earth containing iron and a small proportion of t in. J. G. KLaim supposed "wolfram 
t o contain a semi-meta l ; but the regulus he described is unlike that "which is now 
known to be derived from that ore. 

In 1781, C. W. Scheele, in his memoir : Tungstens bestdnds-delar, showed that 
tungsten ore (scheelite) is a compound of l ime with a peculiar acid. H e fused the 
ore with potassium carbonate, dissolved the mass in water, and added nitric acid. 
The white precipitate was washed and dried. H e then showed tha t the product 
is the acid of tungsten—a metallic acid in which the metal is reduced b y phlogiston 
to a metallic calx. H e demonstrated the other component of the ore t o be l ime. 
Hence, the mineral is a calcium tungstate . D . L. G. Karsten then called the 
mineral scheelerz ; R. J . Hai iy , scheelin calcaire ; A. Breithaupt, scheelsjpath ; and 
C. C. Leonhard, Scheelite, the name which the mineral now bears, 

T. Bergman said that the acid of tungsten in lapis ponderosus is the calx of a 
metal which has a high sp. gr. ; i t is precipitated b y potassium ferrocyanide, and 
colours glass. J. J. and IT. de Elhuyar, in their Andlisis quimico del volfram y ex-
dmen de un nuovo metal que entra en su composicion (Bascongada, 1783), showed that 
the mineral wolfram contains the same acid as tungsten ore, but in wolfram, the 
acid is associated with iron and manganese instead of l ime. These chemists obtained 
the metal b y reducing the oxide with carbon ; and they described alloys of tungsten 
with gold, silver, lead, and iron. The question has been raised : Were the Spanish 
chemists the first to isolate the metal ? Actual ly one at least of the brothers 
de Elhuyar worked under the direction of C. W. Scheele, and T. Bergman for some 
years, and, in their memoir, the two brothers—perhaps modest ly—made no claim 
to having been the discoverers of the metal—because, according to J. J . Runner 
and M. L. Hartmann, C. W. Scheele had probably already prepared the metal . 
S. R inman definitely ascribed the discovery of the metal to C. W. Scheele, and stated 
t h a t i ts alloy with iron was prepared b y J. J. and F. de Elhtxyar. In spite of these 
and similar statements , the fact remains that the first published account of the 
isolation of the element is that of the Spaniards, J. J. and F. de Elhuyar. I n 1785, 
R. E . Raspe referred to a Cornish mineral, which, when ^treated with a soln. of 
s tannous chloride gave a blue coloration ; and he added that he succeeded in obtain­
ing from it a regulus in the proportion of 36-5 to 37-3 per cent. This regulus was 
said " t o contain very little iron ; to be most refractory in the fire ; and to cut glass 
like the most highly tempered steel. I t will therefore perhaps be useful in harden­
ing iron and steel for some classes of work." The name J. J. and F . de Elhuyar, 
hy the way, appears in literature spelt in many ways . According to R. A. Hadfield, 
on the authority of the Royal Library, Madrid, the spelling is " de Elhuyar," not 
d'Elhujar, etc. J. J. and F. de Elhuyar called the elemental metal wolfram or 
tungsten. The metal came to be called scheelium, and J. J. Berzelius suggested 
woljramium because " C . W. Scheele had already immortalized his name b y other 
great discoveries to such an extent as to preclude the necessity of i ts being handed 
down to posterity b y the denomination of a substance." The term wolfram is 
used for the metal in Germany ; tungsten in England ; and tungstene in France. 
The symbol W is in fairly general use, although in France and I ta ly Tu is sometimes 
employed. E . Moles * argued in favour of the term wolfram. The metal was also 
prepared b y reducing the oxide b y carbon b y A. Ruprecht, L,. N . Vauquelin and 
Xu Hecht , W. Allen and A. Aiken, C. F . Buchoiz , and J. J . Berzelius. 

M. Oerber* stated that tungsten is not a simple substance but is accompanied by another 
Sffm?^Q ^? *}e ^f v e t h e na*ne neoturigsteri, and the latter is estimated to have the at. 
j * *? J x. e

A
S*t that soluble metatungstic acid furnishes ammonium isotunRstate, 

described by A. Laurent. In the isotungstic acid prepared from this salt, the metal had 
an at. wt. ranging from 1865 to 187—ordinary tungsten has the at. wt. 184. I t is assumed 
that the isotungstic acid contained neotungsten. These statements have not been con-
firmed—<v%de neomolybdenum—P. Barbe could find no evidence of the existence of 
isotungstates, and neyer obtained a specimen with a zuol. wt. higher than usual. BEe said 
that the ammonium isotungstate of M. Gerber was ammonium sodium tungstate. 
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There are a few books, monographs, and memoirs on the general properties, etc. , 
of tungsten—e.g. 

J . J". R u n n e r ar id M . L . H a r t m a n n , The Occurrence, Chemistry, Metallurgy, and Uses 
of Tungsten, R a p i d City, 1918 ; M. L . H a r t m a n n , A Bibliography of Tungsten, R a p i d Ci ty , 
1918 ; Pahasapa Quart., 5. 2 , 1916 ; A . JoIy, Tungstene, Paris , 1888 ; P . Truchot , Bes 
terres rares, Paris , 1904 ; J . C. iCscard, Les mHauae spSciaux, Paris , 1910 ; C. Baskerv i l l e , 
Eng. Min. Journ., 8 7 , 2 0 3 , 1909 ; Met. Chem. Brtgg., 1 1 . 319, 1913 ; J*. C a s t n e r , Slahl 
Eisen, 16. 517, 1896 ; J". OhIy, The Hare Metals, London , 1905 ; K . Dick inson , Min. Science, 
57. 123, 1908 ; H . F . Baumhauser , Bayer. Ind. Oewerbebl., 141, 1912 ; £ ' I n d u s t r i a , 26 . 
414 , 1912 ; Ind. Chim., 12 . 343, 1912 ; A. Haenig , Oesterr. ZeIt. Berg. Hiltt., 56. 177, 1908 ; 
E . C. Re ibe , M w . World, 26 . 565, 1907 ; A . B . Frenzel , Min. *Science, 65. 73, 1912 ; 
O . J . S t e i n h a r t , Min. Scient. Press., 109 . 64 , 1914 ; H . F l e c k , Addresses on the Bare Metals, 
N e w York, 1 9 1 5 ; A . C. Kubel , Bull. Arizona State Bur. Mines, 11, 1916; H . W . H u t c h i n s , 
Min. Mag., 17. 39, 85, 1917 ; C. J . Smithel l s , Tungsten, London, 1926 ; H . Leiser, Wolfram, 
Hal le a. S., 1910 ; Chem. Ztg., 35 . 665, 1911 ; H . Mennicke, Die Metallurgie des Wolframs, 
Berl in , 1911 ; N . Branoic , Giorn. Bibliogr. Tech. Internal., 1. 3, 1 9 2 5 ; J . L . F . Vogel , 
Chem. Age, 3 . 306, 1920 ; L. Moser, Oesterr. Chem. Ztg., 26. 67, 1923 ; C. Mat ignon, Chim. 
Ind., 3 . 277, 1 9 2 0 ; G. Aich ino , Il Tungsteno, Tunis , 1 9 1 6 ; P . !Nicolardot, Rev. MH., 5 . 
9, 1908 . 

REJB 1JSXtENCES. 
1 J. G. Wallerius, Mineralogia, Stockholm, 268, 303, 1747 : A. G. Werner, Berg. Journ., 386, 

1 7 8 9 ; A. F . Crons ted t , A had. Handl. Stockholm, 2 1 . 227, 1751 ; Forsok till Mincralogie eller 
Mineral Bikets Upstdllning, S tockholm, 107, 183, 1758 ; C. von Linnaeus, Syste?na natiirm, 
Lugduni Batavorum, 1768 ; I>. L. G. Ivarsten, Mineralogische Tabellen, Berlin, 5Q, 1800 ; 
R . J . Ha i iy , Traite* de mincralogie, Pa r i s , 4 . 311 , 1801 ; A . B r e i t h a u p t , Kurze Charakteristik des 
Mineralsystems, Fre iberg , 23, 1820 ; Vollstdndige Charakteristik des Mineralsysterns, Dresden , 227, 
1832 ; C. C. Leonhard, Handbuch der Oryktognosie, Heidelberg, 594, 1821 ; J . G. Lehmann, 
Probierkunst, Berl in, 1761 ; J . G. K a i m , Bissertatio inauguralis chemica de metallis dubiis, 
Viennse, 1770 ; J . J . a n d F . de E l h u y a r , Aridlisis quimico del volfram y exdmen de un nuovo metal 
que entra en su composicion, Bascongada , 1783 ; A Chemical Examination of Wolfram and 
Examination of a Ne1W Metal which enters into its Composition* London , 1785 ; Chemische Zerklie-
derung des Wolframs, Hal le , 1786 ; M&m. Acad. Toulouse, 2 . 141, 1784 ; C W . Scheele, Akad. 
Handl. Stockholm, 2 . 89, 1781 ; Journ. Phys., 22 . 724, 1783 ; J". J . Berzelius, Sch-weigqer^s Journ., 
16. 476, 1816 ; Pogg. Ann., 4 . 147, 1825 ; 8. 267, 1826 ; Ann. Chim. Phys., (2), 17. 13, 1821 ; 
T. Bergman, Sciagraphia regni mineralis, Leipzig, 1782 ; London, 47, 1783 ; G. Agricola, 
JDe natura fossilium, Basilia*, 2^i5, 1546 ; A. Gur l t , Trans. Amer. Inst. Min. Brig., 22 . 236, 1893 ; 
R. A . Hadfield, Jottrn. Iron. Steel Inst., 64. ii, 22, 1903 ; I . I^Loppel, Chem. Ztg., 50. 969, 1926 ; 
L . Ercker, Pleta minor, Prag, 1574 ; London, 1883 ; P . Albinus, Meissnisclve Land- tend Berg-
chronik, Wi t t enbe rg , 1580 ; Dresden , 1590 ; B . Rossler , Speculum metallurgies politissimum, 
Dresden, 148, 1700 ; J. A. Cramer, Blementa artis decimasticai, Leyden, 1739 ; London, 1741 ; 
•T. F . Henckel, Pyritologie, London, 1757 ; S. Rinman, Porsok till Jemcls Historia, Stockholm, 
1782 ; Berl in, 2. 216, 1815 ; W. Pryce, Mineralogia cornubiensis, London, 1778 ; A. von Schon, 
berg, Berginformation, Leipzig, 109, 1-693 ; J . JT. Runner and M. L. Hartmann, The Occurrence, 
Chemistry, Metallurgy and CJses of Tungsten, R a p i d Ci ty , Sou th D a k o t a , 1918 ; T . Blair , Chromium 
and Tungsten and their Alloys with Iron, Sheffield, 1894 ; A . Rossing, Gfeschicht der Metalle, Ber l in , 
248, 1901 ; J . H . G. von Justi , Grundriss der gesammten Mincralogie, Gottingen, 1757 ; 
J . W . Baumer , Historia naturalis reg?ii mineralogici, Francofur t i , 1780 ; G. A. Scopoli, Principia 
Mineralogia^ systematica^ et practicce, P r a g u e , 1772 ; B . G. Sage, iZl&mens de mincralogie docimas-
tique, Pa r i s , 1777 ; R . E . R a s p e , CrelVs Ann., i, 546, 1785 ; Reise durch England in Rucksicht 
auf Manufacturen, Berl in, 1785 ; in H . L . D u h a m e l d u Monceau, Encyclopedic methodique, 
Paris, 1 . 33O, 1786. 

a A . Ruprecht, Ann. Chim. Phys., (1), 8. 3 , 1 7 9 1 ; Journ. Phys., 37. 23O, 1790; 
L. N . Vauquelin and L. Hecht , Journ. Mines, 4 . 19, 1796 ; C. F . Bucholz, Schu>eigger7s Jourii., 
3 . 1, 1811 ; J . J . Berzelius, ib., 16. 476, 1816 ; Ann. Chim. Phys., (2), 17. 13, 1825 ; Pogg. Ann., 
4 . 147, 1825 ; 8. 267, 1826 ; W. Allen and A. Aiken, in A. and C. R. A iken , Dictionary of Chemistry, 
London, 2. 445, 1807 ; E . Moles, Anal. Espan. Pis. Quirn., 26. 234, 1928. 

8 M. Gerber, Monit. Scient., (5), 7. 73, 121. 169, 219, 1917; P . Barbe, ib., (5), 9. 73, 1919; 
A . Laurent, Ann. Chim. Phys., (3), 2 1 . 54, 1847. 

§ 2 . The Occurrence of Tungsten 
Tungsten does n o t occur in the elemental form in nature. I ts compounds are 

among the scarcer const i tuents of the earth's crust. According to F. W. Clarke 
and H. S. Washington, 1 the average proportion of tungsten in the igneous rocks 
of the earth's crust is 5 X 1 0 ~ 6 per cent. J . H . IJ. Vogt est imated n X 1 0 ~ 8 per cent. 
W . V e m a d s k y gave 0-000048 for the percentage amount , and 0-0005 for the atomic 
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proportion. W. and J. Noddack and O. Berg gave 5 X 1 0 7 for the absolute 
abundance of molybdenum in the earth. The general subject was discussed b y 
H . S. Washington, G. Tammann, V. M. Goldschmidt, E . Herlinger, A. v o n Antropoff, 
O. Halm, R. A. Sonder, and J. JoIy. H . A. Rowland , 2 and M. N . Saha classed 
tungsten with the e lements whose presence in the sun is doubtful. 

The more important tungs ten minerals are the wolfram group consist ing of 
iron and manganese tungstates , and the scheelite group consist ing of calcium 
tungstate . T h e y occur irregularly and the lodes are more or less sporadic. The 
genesis of the ores has been discussed b y R. H . Rasta lL 3 The ores can be 
divided into primary and secondary. The primary group includes occurrences 
in lodes, veins , dykes , and contact deposits ; while the secondary group 
includes alluvial and residual deposits . The primary ores are generally asso­
ciated wi th granites, and are often accompanied b y t in . The tungsten appears 
t o have been concentrated in the later stages of the solidification of the granite 
m a g m a to the margin of the intrusion. The wolfram is normally disseminated 
in the granite, or concentrated in pegmati tes , dykes , and quartz ve ins of direct 
igneous origin. I t also occurs in the country rock adjoining the ve ins ; and some 
lodes are zones of rock impregnated wi th ores derived from vapours or solutions 
passing through cracks due to contraction or faulting. The tungs ten in this respect 

FIG. 1.—The Geographical Distribution of Tungsten Ores. 

resembles t in, but the tungsten zone has been carried further than the t in . Vapours 
escaping from the hot interior coming in contact wi th calcareous rocks formed 
contact deposits of scheelite. The secondary deposits of tungs ten show t h a t in 
some cases the ore has decomposed, while in other cases the tungsten has resisted 
weathering influences and accumulated in detrital deposits like t instone, gold, 
and plat inum. 

The geographical distribution of tungs ten ores is i l lustrated b y Fig . 1. The 
main localities are as follow : 

Europe*—Nearly all the tungsten ores of the British Isles 4 are obtained from Corn-wall 
and the neighbouring parts of Devonshire. The districts are Land's End ; Camborne and 
Redruth ; St. Austell ; Bodmin Moor ; and Callington and Tavistock. The tungsten ore 
occurring at Carrock Fell, Cumberland, was described by A. M. !Finlayson. In France,6 

tungsten ores are found in Brittany—at Montbelleux, and Villeray ; at Puy-les-Vignes, 
Haute Vienne ; near Chanteloube, Mazataud, and Chabanne ; at Meymac ; Charente, 
Sa6ne et Loir, Nievre, and Allier ; Framont, Vosges ; and St, Lary, Hautes Pyrenees. In 
Spain,6 there are deposits near Lousame and Cabana, Corunna, Carbia, Pontevedra ; 
Silleda; Zamora; Barrvecotardo, Salamanca; Caceres; Badajos near Jerez de los 
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Caba l l e ros ; Val le d e la S e r r a n a ; C o r d o b a a n d J a e n C o n q u i s t a , M a l a g a , a n d P a t e r n a . 
M o s t of t h e S p a n i s h o u t p u t comos f rom B a d a j o s . I n Portugal,7 t h e n o r t h e r n half of t h e 
c o u n t r y is t h e l a rges t p r o d u c e r of w o l f r a m ores in E u r o p e . T h e r e a r e d e p o s i t s a t B o r r a l h a , 
S e r r a d a s A l t u r a s ; B r a g a n c a , I f fanee, P a r a , P a r a d i n h a , Val le d e Se ixo , Coe lhoso , Mi ran -
de l la , M i r a n d a d o D o u r o , S i e r r a d a E s t r e l l a , S e r r a do las Mesas ; P a n a s q u o i r a , S i Ivares ; 
F u n d a s , S a b u g a l , M a t t a d a H e i n h a , P i n h e l , Sac C o s m a d o , M o i r m e n t a , P a r e d e s , A r o u c a , 
C a p e l a d o Sonhor d o s A l n t o s ; V izeu , a n d S e r r a d a E s t r a l l a . I n Italy,8 schee l i to occur s i n 
Cagl ia r i , S a r d i n i a , a n d a t S u e r g i u , a n d G e n n a - G u r e u . I n Switzerland,9 i t o c c u r s a t E t z l i t h a l . 
I n Austria-Hungary, a n d Bohemia,1 0 d e p o s i t s occu r n e a r G r a i i p e n , B o h e m i a , a n d t h i s is a 
c o n t i n u a t i o n of t h e Z i n n w a l d - A l t e n b e r g field. D e p o s i t s a lso occur a t F e l s o b a n y a . I n 
Russia,1 1 a few d e p o s i t s of t u n g s t e n o re a r e k n o w n e.g. a t B a e v k a , P e r m ; N e r c h i n s k , 
S ibe r i a ; a n d a t P i t k a r a n t a , F i n l a n d . I n Germany,12 w o l f r a m occurs in t h e t i n d i s t r i c t 
of t h e E r z g e b i r g e , S a x o n y ; A l t e n b e r g , a n d Z i n n w a l d , S a x o n y ; A n n a b e r g , J o h a n n -
g e o r g e n s t a d t , E i b e n s t o c k , Neudor f , T i rpersdor f , a n d Schmiede l fe ld . I n Sweden,1 3 a few 
d e p o s i t s h a v e b e e n r e p o r t e d , a n d so a l so in Greenland.14 

Asia .—In India,1* w o l f r a m o c c u r s a t A r g a g o n , N a g p u r ; "FTazaribagh, B e n g a l ; a n d 
D e g a n a , M a r w a r . I n Burma, 1 6 a c o n s i d e r a b l e a m o u n t of o re is p r o d u c e d i n t h e T a v o y 
d i s t r i c t , T e n a s s e r i m ; a n d t h e r e a r e d e p o s i t s in t h e S o u t h e r n S h a n S t a t e s ; a n d in t h o 
T h a t o n d i s t r i c t , L o w e r B u r m a . I n t h e Malay States,17 a n d t h o S t r a i t s S e t t l e m e n t s 
e x t e n d i n g i n t o t h e D u t c h t e r r i t o r y B a n k a a n d BiUi ton , t h e chief p r o d u c i n g s t a t e s a r e 
P e r a k , Se langor , N e g r i S e m b i l a n , P a h a n g , K o d a h , a n d T r e n g g a n u . I n Siam,1 8 ore is m i n e d 
i n N a k a w n S r i t a m a r a t , T r a n g , a n d L a c o n ; a n d a l so a t T o n k i n . 

I n Japan, 1 9 t h e r e a r e m i n e s i n Y a m a g u c h i K e n , I b a r a k i K e n , Corea , a n d Chin C h o w , 
M a n c h u r i a . I n China,20 t u n g s t e n is o b t a i n e d f r o m t h e a l l uv i a l d e p o s i t s i n t h e d i s t r i c t s 
of K w a n t u n g , H u n a n , a n d P t o n g K o n g H a i f e n g , L u f e n g , P u n i n g , K i t y a n g , W u h u a , a n d 
W a i c h o w . 

Afr ica .—Tungs ten m i n e r a l s h a v e b e e n r e p o r t e d f rom t h e Union of South Africa 2 1 

e.g, a t K n i l s H i v e r , C a p e P r o v i n c e ; t h e t i n fields of W a t e r b e r g , a n d S t a v o r e n , a n d n e a r 
L e y d s d o r p . I n South-West Africa,2 2 t h e r e a r e d e p o s i t s n e a r L i t t l e K a r a s ; TJbib, a n d 
G o a g e s i n S w a k o p m u n d ; a n d i n t h e E r o n g o M o u n t a i n s . I n Rhodesia, t h e r e a r e d e p o s i t s 
i n n u m e r o u s loca l i t i es f r o m W a n k i e t o U m t a l i , a n d f rom L o m a g i m d i t o t h e Hiimpopo r ive r , 
L u s o a k a s , N o r t h e r n R h o d e s i a ; a n d a t E s s e x v a l e , U m z i n g w a n e . 

Northern America .— In Canada,23 t h e r e a r e t u n g s t e n o res in N o v a S c o t i a — S t i l l w a t e r 
B r o o k , H a l i f a x ; i n N e w B r u n s w i c k — B u r n t H i l l B r o o k ; i n M a n i t o b a — F a l c o n L a k e d i s t r i c t 
in B r i t i s h C o l u m b i a B l a c k P r i n c e G r o u p ; n e a r B a r k e r v i l l e a n d in t h o K o o t e n a y ; a n d 
n e a r M a y o , Y u k o n T e r r i t o r y . I n t h e United States, t h e t u n g s t e n ores a r e m a i n l y con­
f ined t o t h e Cord i l l e r an r eg ion i n t h e w e s t ; a n d i n al l t h e W e s t e r n S t a t e s w i t h t h e excej>tion 
of "Wyoming, b u t m o r e p a r t i c u l a r l y in t h e A t o l i a - R a n d s b u r g d i s t r i c t of Cal i fornia , a n d a b o u t 
B o u d e r i n C o l o r a d o . T h e r e a r e d e p o s i t s i n A l a s k a , 2 4 A r i z o n a , 2 5 California,2** Co lo rado , 2 7 

C o n n e c t i c u t , 2 8 I d a h o , 2 9 M i s s o u r i , 3 0 M o n t a n a , 3 1 N e v a d a , 3 2 N e w M e x i c o , 3 3 N o r t h C a r o l i n a , 3 4 

O r e g o n , 3 5 P e n n s y l v a n i a , 3 6 S o u t h !Dakota , 3 7 T e x a s , 3 * U t a h , 3 9 a n d W a s h i n g t o n . 4 0 T u n g s t e n 
h a s b e e n r e p o r t e d i n Mexico 4 1 n e a r S o n o r a a n d D u r a n g o , 

South America. I n Argentina,4 2 t u n g s t e n d e p o s i t s a r e m a i n l y conf ined t o t h e P a m p a 
r a n g e Ca jon , G u a l a p a j i , A m b o t i , I n c a s t i , Co lo rados , M a z a n , O u a s a p a m p a , Qu ines , S a n 
R a m o n , P a n t a n a , S a n I g n a c i o , E l M o r r o , L o s C o n d o r e s , P i s c o Y a c u , a n d C u m b r o . I n 
Peru, 4 3 t h e d e p o s i t s a r e m a i n l y s i t u a t e d in t h e d e p a r t m e n t of A n c a c h s a n d L i b e r t a d on 
t h e P e l a g a t o s a n d T a m b o r a s M o u n t a i n s . T h e r e a r e d e p o s i t s in t h e d e p a r t m e n t of T a y a -
b a m a ; a n d n e a r L i r c a y , H u a n c a v e l i c a . I n Chile,44 t h e r e a r e d e p o s i t s i n T a c n a . In 
Bolivia,4 6 t h e r e a r e d e p o s i t s o n t h e Cord i l l e ra H e a l , a n d E a s t e r n Cord i l le ra . I n Brazil 4 e 

d e p o s i t s o c c u r a t E n c r u z i l h a d a , B i o G r a n d e d o Sal ; a n d a lso in t h e S t a t e s of E s p i r i t o , 
S a n t o , a n d M i n a s Gleraes. 

Australasia. T h e r e a r e d e p o s i t s i n Queensland 4 7 a t M o u n t C a r b i n e , Wolf r a m a n d 
B a m f o r d . I n New South Wales t h e y o c c u r i n t h e n o r t h - e a s t e r n p o r t i o n a n d in t h e w e s t 
n e a r B r o k e n H i l l . T h e r e a r e a l so t h e H i l l G r o v e scheel i to d e p o s i t s . I n Victoria, t u n g s t e n 
i s f o u n d n e a r B e n a m b r a , a n d n e a r B a r a g w a n a t t i ; a t M a l d o n , a n d K o e t o n g ; in Tasmania, 
n e a r C o n s t a b l e ' s Creek , U p p e r S c a m a n d e r , G i p p ' s Creek , S t o r e y ' s Creek , a n d M o i n a . 
Schee l i to a l so o c c u r s o n K i n g I s l a n d . Tn South Australia, t u n g s t e n o c c u r s n e a r N o r m a n -
vi l le ; i n Northern Territory, i n t h e P i n e Creek d i s t r i c t , B r o c k ' s W o l f r a m Mine , a n d H a t c h e s 
C r e e k ; i n Western Australia, i n t h e Y a l g o o a n d M u r c h i s o n fields ; a n d i n New Zealand,44 

schee l i t e o c c u r s i n t h e O t a g o gold-fields, G l e n o r c h y , a n d M a c r a e ' s F l a t . W o l f r a m is re ­
p o r t e d f rom S t e w a r t ' s I s l a n d , a n d t h e w e s t e r n p a r t s of N e l s o n . 

The valuation of tungsten ores is based on the percentage amount of tungsten 
trioxide in the cone, ore—65 per cent, is adopted as a s tandard in Great Britain, 
while 60 per cent, is preferred in the United States. If the percentage is below 
the standard, the selling price is penalized. An excessive proportion of phosphorus 
or arsenic reduces the value of the ore. Before the war, the j>rice was 25s. to 35s. 
per unit. In 1915, it was 55*. per unit ; and in 1918, the price was raised to 60?. 
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'with specia l a l lowances for losses o n high f re ights a n d on e x c h a n g e . T h e p r ice 
of c h r o m i t e ore in 1924 r a n g e d f rom 86s. 3d. t o 90s. Od. pe r t o n . R . H . R a s ta l l a n d 
W . H Wilcockson 4 9 e s t i m a t e d for 1 9 1 0 - 1 9 1 7 t h e p r o p o r t i o n of m e t a l i n m e t r i c 
t o n s in t h e c o n c e n t r a t e s p r o d u c e d b y different coun t r i e s t o b e a p p r o x i m a t e l y a s 
follows : 

U n i t e d K i n g d o m 
B u r m a 
M a l a y S t a t e s 
N e w S o u t h W a l e s 
Q u e e n s l a n d 
T a s m a n i a 
N e w Z e a l a n d 
G e r m a n y , A u s t r i a 
F r a n c e 
S p a i n 
P o r t u g a l 
J a p a n 
C h i n a 
F r e n c h I n d o - C h i n a 
S i a m 
" U n i t e d S t a t e s 
A r g e n t i n a . 
B o l i v i a 
P e r u 
M e x i c o 

1910 
2 7 8 
4 0 2 

3 2 1 
9 0 8 

6 8 
1 4 5 

6 0 
3 0 

1 5 3 
9 4 8 
2 5 0 

• — -

1 6 5 2 
1 9 1 2 

2 0 7 
1 2 

— 

1918 
7 8 5 

1 7 1 5 
3 2 4 
1 7 3 
5 4 9 

6 9 
2 2 5 
1 5 0 
2 4 5 
1 5 0 
8 0 0 
2 9 7 

— 
2 8 1 

1 3 9 5 
5 3 9 
5 6 9 
3 0 0 
— 

1917 
2 4 5 

4 5 5 3 
1 2 0 0 

2 4 9 
5 0 2 
2 4 5 
1 6 4 
25O 
2 2 5 
8 0 0 

1 5 9 6 
1 5 0 0 
1 2 0 0 

6 3 4 
5 0 0 6 
IOOO 
165O 
10OO 

1924 
2 

8 1 3 
4 3 0 

3 
1 

6 0 
3 

8 3 

20O 
40O 

IO 
3 5 0 O 

4 9 4 
10 

5 1 2 
1 3 2 

1 8 

2 5 

1929 
1 3 5 

2 2 0 0 
1 7 5 

6 8 
4 5 

3 8 0 
2 5 

1 2 0 
1 4 

3 5 0 
7 0 0 
2 8 3 

650O 
2 3 8 

3 5 
2 3 0 O 

12O 
5 8 5 
1 0 0 

4 5 

T h e t u n g s t e n m i n e r a l s inc lude t h e wol f rami te series wh ich , a c c o r d i n g t o 
F . ."L. H e s s , 5 0 compr i ses ferberite c o n t a i n i n g 80 t o 100 p e r cen t . F e W O 4 , a n d 0 t o 
20 pe r cen t . M n W O 4 ; wo l framite w i t h 20 t o 80 pe r cen t . F e W O 4 a n d 20 t o 80 p e r 
cent , of M n W O 4 ; a n d h u b n e r i t e w i th 0 t o 20 p e r cen t . F e W O 4 a n d 80 t o 100 p e r 
cen t . M n W o 4 ; re ini te , F e W O 4 ; t h e r e a r e also SCheelite, C a W O 4 ; powel l i t e , 
Ca(Mo, W) O 4 ; s t o l z i t e — t e t r a g o n a l PbAVO4 , a n d rasp i te—monoc l in ic P b W O 4 ; 
chi l lag i te , a m i x t u r e of l ead t u n g s t a t e a n d m o l y b d a t e ; cuproschee l i te , or c u p r o -
tungstite, CuWO4 .2H2O ; tungstite, or tungsten ochre, WO3-H2O ; ierritungstite, 
Fe2O3-WO3 .6H2O ; and tungstenite, WS 2 , 

H . S t . C. Devi l le G1 f o u n d smal l q u a n t i t i e s a s soc i a t ed w i t h t a n t a l i c ac id . 
F . Z a m b o n i n i found i t in vesb ine in crevices in t h e V e s u v i a n l ava of 1631 . M. M a z a d e 
d e t e c t e d i t s p resence in t h e mine ra l w a t e r s of N e r a c . 
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§ 3 . The Extraction of Tungsten Trioxide 
The products usual ly obtained from tungs ten ores are (i) compounds , like 

tungs ten trioxide or tungstates , employed in the arts as p igments , mordants; etc . ; 
(ii) crude tungsten , usual ly pulverulent, employed for making ferrotungsten, and. 
other al loys ; and (iii) purified metal in the form of sheet , rod, or wire, for use in 
lamps , X - r a y tubes , thermionic valves , etc. The mining of tungs ten ores does n o t 
present any peculiarities different from those used in mining other ores of a similar 
nature. The ore as mined is commonly associated wi th t instone. The mill ing and 
concentrat ion * of wolfram ore m a y involve the use of a magnet ic separator since 
wolfram is fairly magnet ic in virtue of the contained iron, while t instone is v irtual ly 
non-magnet ic . A separation w i th less t h a n one per cent, of t in oxide w i th the 
wolframite is rarely possible. Scheelite is n o t usual ly magnet ic , b u t i t i s n o t 
commonly found associated wi th t instone. W h e n t instone is present, a chemical 
process is required for the separation. The average amount of tungs ten trioxide 
in the concentrate is about 65 per cent . 

Scheelite is easi ly decomposed b y heat ing i t w i th cone, hydrochloric or nitric 
acid whereby calcium chloride or nitrate is formed, and hydrated tungs ten tr ioxide . 
The latter can be purified b y dissolving the hydrate in a soln. of a m m o n i u m 
carbonate and ammonia , as indicated below. This process was used b y 
A. E . JSTordenskjold.2 According t o G. Gin, scheelite m a y be fused in a reverberatory 
furnace wi th potass ium fluoride so as t o form soluble potass ium tungs ta te and 
insoluble calcium fluoride. The soln. of the tungs ta te is then decomposed b y acid 
in the usual manner. P . Schwarzkopf hea ted the ore in air to form tungs ten tr ioxide, 
and w h e n oxidat ion -was complete, he subl imed the trioxide in a current of air. 

The extraction of tungsten trioxide by treating wolframite with acids.9—The finely-
powdered mineral is d igested wi th cone , hydrochloric acid, renewing the acid from 
t i m e t o t ime , and adding a l i tt le nitric acid towards the end of the operation; so 
as t o oxidize and dissolve the iron as a ferric salt . The operation is cont inued unti l 
the ferric a n d manganic oxides h a v e passed into soln., and t h e brown residue is 
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c h a n g e d t o a yellow colour . T h e und isso lved res idue consis ts of h y d r a t e d t u n g s t e n 
t r iox ide , und i s so lved wol f rami te , a n d silica ; i t is t h e n wel l -washed, a n d s h a k e n 
u p w i t h a q . a m m o n i a . T h e h y d r a t e d t u n g s t e n t r i ox ide passes i n t o soln. ; a n d on 
e v a p o r a t i n g t h e filtered soln. , c rys t a l s of a m m o n i u m t u n g s t a t e a r e fo rmed . T h e 
a m m o n i u m sa l t is t h e n i gn i t ed in a i r t o fo rm t u n g s t e n t r iox ide . Modif icat ions 
of t h e process were desc r ibed b y J . B . v o n Borck , J . B . A. D u m a s , B . F r a n z , W . !Lotz, 
J . C. G. de M a r i g n a c , J . Pe r soz , J . P h i l i pp , A . R iche , E . R . Schne ider , a n d 
E . Z e t t n o w . T h e p r o d u c t is of inferior p u r i t y . If desired, t h e smal l p r o p o r t i o n of 
c o l u m b i u m a n d t a n t a l u m c a n b e r e m o v e d b y t r e a t i n g t h e p r o d u c t w i t h a m m o n i u m 
su lph ide w h i c h dissolves on ly t h e t u n g s t e n t r iox ide . T h e soln. is acidified w i t h 
hyd roch lo r i c ac id t o p r e c i p i t a t e h y d r a t e d t u n g s t e n t r i ox ide . This is washed , d r ied , 
a n d ign i t ed . I n a n o t h e r p rocess , t h e finely-divided ore is d iges ted w i t h 50 per cen t , 
s u l p h u r i c ac id , h e a t e d b y s u p e r h e a t e d s t e a m in l ead p ipes i m m e r s e d in t h e l iquid . 
I n 3 h r s . t h e l i qu id c o n t a i n i n g i ron a n d m a n g a n e s e is d e c a n t e d off, a n d t h e 
e x t r a c t i o n r e p e a t e d 2 or 3 t i m e s w i t h 30 p e r cen t , su lphu r i c acid. T h e res idue 
is m i x e d w i t h 20 p e r cen t , s o d i u m chlor ide a n d half t h i s we igh t of s o d i u m n i t r a t e , 
a n d e n o u g h su lphu r i c ac id a d d e d t o evo lve h y d r o g e n chlor ide a n d n i t r o u s fumes . 
Th i s is r e p e a t e d 2 or 3 t i m e s t o oxidize t h e r e m a i n i n g i ron a n d m a n g a n e s e . T h e 
h y d r a t e d t u n g s t e n t r i ox ide m i x e d w i t h a n y inso luble m a t t e r , l ike silica, r e m a i n s as 
a s ludge . I t is w a s h e d a n d d r i ed . T h e i ron a n d m a n g a n e s e s u l p h a t e s a re recovered 
b y e v a p o r a t i n g t h e ac id l iquors . L . Wei s s d i scussed t h e open ing of wol f rami te 
b y t r e a t m e n t -with cone , hyd roch lo r i c , hydrof luor ic , s u l p h u r i c or n i t r i c acid, or w i t h 
a q u a reg ia . K . A n j o w u s e d di l . su lphur i c ac id a t 180° u n d e r press , for opening u p 
t h e finely-divided ore . 

The extraction of tungsten trioxide by heating wolframite with fluxes.— 
J . B . H i c h t e r , 4 a n d J . B . v o n B o r c k fused t h e wol f rami te -with four t imes i t s we igh t 
of p o t a s s i u m n i t r a t e — o r a m i x t u r e of s o d i u m c a r b o n a t e a n d p o t a s s i u m n i t r a t e , or 
a m i x t u r e of s o d i u m a n d p o t a s s i u m c a r b o n a t e s — e x t r a c t e d t h e cold p r o d u c t w i t h 
w a t e r ; p r e c i p i t a t e d ca l c ium t u n g s t a t e f rom t h e filtrate b y t h e a d d i t i o n of ca lc ium 
ch lo r ide ; d e c o m p o s e d t h e w a s h e d ca l c ium sa l t w i t h n i t r i c ac id ; a n d w a s h e d t h e 
h y d r a t e d t u n g s t e n t r i o x i d e w i t h w a t e r . E . E . A n t h o n boi led t h e soln. of p o t a s s i u m 
t u n g s t a t e for a q u a r t e r of a n h o u r w i t h a n excess of hyd roch lo r i c acid, dissolved t h e 
w a s h e d h y d r a t e d t u n g s t e n t r i o x i d e in a q . a m m o n i a ; a n d e v a p o r a t e d t h e soln. for 
a m m o n i u m t u n g s t a t e . C. E . B u c h o l z , a n d J . J . Berze l ius fused t h e wolf rami te w i t h 
tw ice i t s w e i g h t of p o t a s s i u m c a r b o n a t e ; B . F r a n z , a n d J . P h i l i p p used 150 p a r t s 
of ore , 100 p a r t s of s o d i u m c a r b o n a t e , a n d 15 p a r t s of p o t a s s i u m n i t r a t e ; Li. Mayer , 
a n d G. C. W i t t s t e i n u sed one p a r t of wol f rami te , one of p o t a s s i u m n i t r a t e , 
a n d 2 p a r t s of p o t a s s i u m c a r b o n a t e ; C. Scheibler , a n d E . Z e t t n o w used 3 3 t o 
5 0 p e r cen t , of s o d i u m c a r b o n a t e ; W . B . S t o d d a r d a n d I . H o c h s t a d t e r used 
a m i x t u r e of ore, cha rcoa l , a n d s o d i u m n i t r a t e ; R . W . S t imson , alkal i n i t r a t e ; a n d 
A. R i c h e u sed 17 p a r t s of s o d i u m c a r b o n a t e w i t h 10 p a r t s of wolf rami te . T h e 
processes in use a r e m o r e or less modif ied forms of R . O x l a n d ' s process in wh ich t h e 
ore is first fused w i t h s o d i u m c a r b o n a t e , a n d t h e sod ium t u n g s t a t e e x t r a c t e d b y 
l each ing w i t h w a t e r . Modif ica t ions were descr ibed b y F . A. Bernoul l i , K . Christ l , 
G. Bessa , A. K . H u n t i n g t o n , R . D e r e n b a c h , e tc . 

C H . J o n e s , d e s c r i b i n g t h e p r o c e s s i n use in N o r t h Chicago , s a id t h a t t h e h a n d - p i c k e d 
o r e is c r u s h e d a n d g r o u n d t o a coa r se p o w d e r ; a n d m i x e d w i t h s o d a - a s h in a bal l -mi l l so 
a s t o p a s s 100 's l a w n o n e p a r t e a c h of t u n g s t e n t r i o x i d e a n d s o d i u m c a r b o n a t e p l u s a 
15 p e r c e n t , exces s of t h e l a t t e r . A b o u t 150 k g r m s . of t h e m i x t u r e a r e c h a r g e d i n t o a 
r e v e r b e r a t o r y f u r n a c e a n d r a k e d b y h a n d for a coup le of h o u r s whi le t h e t e m p , i s k e p t a t 
a b o u t 800° . T h i s a l lows a free access of a i r t o oxid ize t h e i r o n a n d m a n g a n e s e respec t ive ly 
t o F e 2 O 3 a n d M n 3 O 4 . T h e p r o d u c t i s r e m o v e d f rom t h e fu rnace , cooled, a n d c r u s h e d ; 
a n d t h e s o d i u m t u n g s t a t e e x t r a c t e d b y l e a c h i n g w i t h w a t e r . T h e c lear l iquor is h e a t e d 
b y a j e t of l ive s t e a m , a n d a so ln . of c a l c ium ch lo r ide is a d d e d t o p r e c i p i t a t e ca l c ium 
t u n g s t a t e . T h i s is w a s h e d b y d e c a n t a t i o n , a n d t h e n t r e a t e d w i t h hydroch lo r i c ac id . 
T h e ye l low p r e c i p i t a t e i s w a s h e d b y m e a n s of a s u c t i o n p u m p ; a n d d r ied . I t s com­
p o s i t i o n a p p r o x i m a t e s : H 2 W O 4 , 9 9 - 5 3 ; F e O , 0 0 2 ; A l 2 O 8 , 0 0 5 ; CaO, 0;20 ; a n d 
S i O 2 , 0-20 per c e n t . J . B* E k e l e y a n d W . B . S t o d d a r d a d d e d s o d i u m chlor ide t o t h e 
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fus ion m i x t u r e to has ten the react ion. I t i s t h e n necessary t o a d d a l i t t le s o d i u m ni trate 
or chlorate as oxidiz ing agent . T h e General Electr ic Co. , and N . T . Gordon a n d A. F . Spring 
u s e d a cont inuous process . 

F. Wohler melted one part of wolframite wi th 2 parts of calc ium chloride for an 
hour, and extracted the cold, powdered mass wi th boiling water ; the chlorides of 
calcium, manganese , and iron passed into soln. The residual ca lc ium tungs ta te 
was treated wi th cone, hydrochloric acid ; the -washed residue w a s dissolved in 
aq. ammonia , and the soln. evaporated for a m m o n i u m tungs ta te ; t h e product was 
heated to redness for tungsten trioxide. F . Jean mixed powdered -wolframite w i t h 
3 per cent, of ca lc ium carbonate and 20 t o 30 per cent, of sodium chloride, and heated 
the mixture for half an hour to dull redness. W h e n the mixture is cold, i t 
i s pulverized, and then boiled for a quarter of an hour wi th hydrochloric acid, which 
dissolves the l ime, a n d the oxides of iron and manganese , w i th t h e d i sengagement of 
chlorine, leaving the whole of the tungst ic acid in the insoluble s ta te as a l emon-
ye l low crystall ine powder, which is purified b y washing wi th acid. W i t h calcium 
carbonate, w i t h o u t sodium chloride, i t was found impossible t o decompose t h e 
wolframite complete ly ; but -with about 2O per cent , of pure l ime, t h e decom­
posi t ion -was easi ly effected at a dull red-heat. Sulphates , alkaline carbonates , or 
calcium chloride m a y replace the sodium chloride. L*. Weiss compared the result 
obtained b y opening up the -wolframite by heat ing i t w i th a m m o n i u m fluoride ; 
sodium hydroxide ; calcium carbonate—alone or m i x e d w i th calc ium or sod ium 
chloride ; w i th calcium chloride ; or -with magnes ium compounds . H e 
recommended fusing a mixture of 4 parts of wolframite w i t h one part of each of 
calcium carbonate and chloride, and decomposing the product w i t h an acid. If 
magnes ium carbonate be employed, the product contains red crystals of magnes ium 
tungs ta te which are n o t decomposed b y acids. Gr. Gin heated a mixture of 
-wolframite and magnes ium chloride on the hearth of a reverberatory furnace and 
found t h a t the manganese and iron are volati l ized as chlorides. The aq. ex tract 
of the cold mass furnishes a soln. from which, on evaporat ion, crystals of magnes ium 
tungs ta te can be obtained. This salt is decomposed b y hot , cone, hydrochloric 
acid leaving insoluble hydrated tungsten trioxide. 

W h e n t in is present in appreciable quantit ies , Gr. Gin recommended fusing the 
ore mixed wi th potass ium hydrosulphate in a furnace -with the hearth made of silica 
agglomerated wi th pitch. The mixture is stirred and run from the furnace. The 
cold, powdered mass is digested wi th water—soluble sulphates pass into soln. , and 
an insoluble acid potass ium tungstate remains along wi th silica, stannic oxide, a n d 
insoluble sulphates. The dried mass is treated wi th a warm soln. of a m m o n i u m 
carbonate when the potass ium tungstate passes into soln., whi ls t the s tannic oxide , 
sulphates , and silica remain. The evaporat ion of t h e soln. furnishes a m m o n i u m 
tungstate which is converted into tungsten trioxide b y ignit ion. The ammoniacal 
soln. can be treated wi th hydrogen sulphide, and a m m o n i u m sulphotungstate is 
deposited in orange-red crystals -which, on ignit ion and roasting, pass into tungs ten 
trisulphide and then t o the trioxide. The Elektrochemische Fabrik used sodium 
hydrosulphate wi th an excess of sulphuric acid in place of potass ium hydrosulphate . 
The aq. extract contains soluble meta l sulphates and sodium tungstate . The meta l s 
can be precipitated b y electrolysis ; and t h e sodium sulphate crystall ized out . 
Hydrochloric acid then precipitates hydrated tungsten trioxide. H . Brandenburg 
and A. Weyland, and F . EJ. Clotten employed a modification of the hydrosulphate 
fusion process. 

The extraction of tungsten trioxide from tooljramite by alkali-lye,—Tungsten 
trioxide can be extracted from wolframite b y treatment -with cone, soda-lye or 
potash- lye . The tungs ten can be recovered from the liquor b y crystal l ization, 
hy precipitat ion wi th acid, or precipitation as calc ium tungstate , e tc . E . K. Jenckes 
r e c o m m e n c e d the process. G. A. H e m p e i carried out the extract ion in an auto­
c l a v e under press, b y mixture of alkali-lye -with enough l ime t o ensure the pre­
c ip i ta t ion of silica and t i n , b u t not enough t o precipitate calc ium tungsta te . The 



T U N G S T E N 6 8 5 

tungsten trioxide is recovered in the usual way . W. B. Gero and C. V. Iredell 
digested in boiling soda-lye ground wolframite concentrates and added calcium 
chloride to the resulting soln., whilst the resulting calcium tungstate was digested 
with boiling hydrochloric acid, and the tungstic acid converted into ammonium para-
tungstate . The latter was ignited for tungstic oxide. L. Weiss discussed the 
results obtained b y extract ion wi th alkali-lye. 

The extraction of tungsten trioxide from wolframite by volatilization as chloride,— 
The processes b a s e d on t h e vo la t i l i ty of t h e chlor ide a re n o t p rac t i cab le w i t h low-
grade ores unless other metals—e.g. t in—can be recovered at the same t ime. I n 
W. H. D y s o n and L. Aitchison's process, the wolframite is heated to 600° in a 
current of equal vols , of chlorine and hydrogen chloride to remove the t in ; and the 
t emp, is then raised t o 900° t o distil off the iron, manganese, and tungsten chlorides. 
The distil late is col lected in water so as to precipitate the hydrated tungsten trioxide. 
O. J . Stannard m i x e d the crushed ore wi th carbonaceous material, and heated the 
mixture t o redness. The product is then heated at about 300° in a current of 
chlorine gas, free, or a lmost free, from air. The volati l ized or sublimed mass which 
results is treated wi th ho t water, w i th or wi thout the addition of nitric or hydro­
chloric acid. For the recovery of stannic chloride from wolfram ores the sublimate 
is heated wi th h o t water and hydrochloric acid, and the resulting soln. of stannic 
chloride is separated from the precipitated tungst ic acid. The process m a y be made 
cyclic b y heating the mixture of chlorides obtained in a current of dry air and using 
the chlorine thus recovered for the treatment of further quantit ies of ore. I n a 
volat i l izat ion process devised by P . Jannasch and K. Leiste, the ore is heated in a 
current of the vapour of carbon tetrachloride, and the tungsten chlorides distilling 
over are decomposed b y mineral acids. F . L.. H a h n and W. Franke heated the 
tungstate w i th carbon tetrachloride under press, a t 250° to 300°, and extracted the 
mass with acid. 

The extraction of tungsten trioxide from wolframite by electrolysis.—H. E . Pearson 
and co-workers suggested the following process, but i t has not been developed 
industrially. The tungsten ore, or waste-products containing that e lement are mixed 
wi th carbonaceous matter , and ground and m i x e d t o a paste wi th sulphuric acid, 
and the mixture is placed on a lead plate which forms the anode of an electrolytic 
cell containing dil. sulphuric acid. On passing a current through the cell the basic 
impurities, e.g., iron, manganese, calcium or sodium oxides, in the material on the 
anode pass into soln., leaving a residue of tungsten or molybdenum oxides. 
Alternat ively the anode m a y consist of nickel or a nickel alloy, and the electrolyte 
of caustic soda, whereby soluble sodium tungstate or molybdate is formed and the 
foreign metals are left as anode slime. 

The purification. of tungsten trioxide.—The crude tungsten trioxide or sodium 
tungstate , prepared b y these methods , m a y contain up to 2 per cent, of impurities, 
the nature of which depends on the ore and the method of extraction. The more 
c o m m o n impurities are silica and oxides or salts of iron, manganese, calcium, 
t i tanium, t in, and molybdenum. The purity of the metal finally obtained depends 
largely on the puri ty of the oxide from which i t is reduced. Duct i le tungsten, and 
the tungsten employed for lamp filaments, and thermionic valves must be of a 
high degree of purity . Tungsten wi th 0*1 per cent, of iron is almost unworkable 
for ducti le tungs ten because of its brittleness. I t is comparatively easy to reduce 
the tota l impurities to from 0-1 to 0-5 per cent., but elaborate processes are required 
for a higher degree of purity . W h e n precipitation b y an acid is employed as a means 
of purification, i t is advisable to avoid colloidal precipitates because they are very 
l iable to absorb impurities. Colloidal precipitation is favoured b y the use of cold, 
dil. soln. ; cone. soln. are preferable. The subject was studied b y L. Moser and 
J . Ehrl ich. 5 The best results are obtained b y running the tungstate soln. into the 
boiling acid ; rapid mix ing favours the production of a coarse-grained precipitate. 
If cold hydrochloric acid of sp. gr. 1*19 is added drop b y drop to a cold soln. of the 
tungstate , the precipitate first formed passes into the colloidal state as more acid is 
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a d d e d ; a n d t h e colloid is c o a g u l a t e d o n boi l ing . If n i t r i c a c i d b e e m p l o y e d , t h e 
p r e c i p i t a t e does n o t p a s s i n t o t h e col loidal s t a t e . T h e w a s h e d p r e c i p i t a t e p r o ­
d u c e d b y hyd roch lo r i c ac id is fa i r ly so luble i n n i t r i c acid, b u t t h e p r e c i p i t a t e p r o ­
d u c e d b y n i t r i c ac id is scarce ly so luble i n hyd roch lo r i c ac id . S u l p h u r i c ac id s t a n d s 
b e t w e e n n i t r i c a n d h y d r o c h l o r i c ac ids i n t h a t t h e p r e c i p i t a t e first f o r m e d is p a r t l y 
red i sso lved on a d d i n g m o r e ac id . If i nc reas ing a m o u n t s of ace t i c a c id a r e a d d e d t o 
s o d i u m t u n g s t a t e before a d d i n g h y d r o c h l o r i c ac id , t h e in i t i a l p r e c i p i t a t i o n does n o t 
occur u n t i l i nc reas ing a m o u n t s of h y d r o c h l o r i c ac id a r e a d d e d , a n d t h e p r e c i p i t a t e 
dissolves m o r e q u i c k l y on a d d i n g m o r e ac id . H o w e v e r , t h e a d d i t i o n of 5 c.c. of 
ace t ic ac id t o 2 c.c. of a soln. of s o d i u m t u n g s t a t e g ives a p r e c i p i t a t e w h i c h is n o t 
soluble in hyd roch lo r i c ac id . If t u n g s t i c ac id b e p r e c i p i t a t e d f rom s o d i u m t u n g s t a t e 
b y h y d r o c h l o r i c acid, a n d a l lowed t o s t a n d , t h e p r e c i p i t a t e is a t first w h i t e a n d 
col loidal , i t t h e n b e c o m e s ye l low a n d insoluble on t h e fu r t he r a d d i t i o n of h y d r o ­
chlor ic ac id . T h e p r e c i p i t a t e d t u n g s t e n t r i o x i d e a l w a y s car r ies d o w n w i t h i t s o m e 
of t h e sa l t s d i sso lved i n t h e m o t h e r - l i q u o r . T h u s , if 0-2 p e r cen t , of i ron is p r e s e n t 
i n t h e soln . of a m m o n i u m t u n g s t a t e r u n i n t o boi l ing h y d r o c h l o r i c ac id , t h e p r e ­
c i p i t a t e m a y c o n t a i n O 0 5 j:>er c en t , of ferric ch lo r ide ; a n d t u n g s t i c a c id p r e ­
c i p i t a t e d f rom s o d i u m t u n g s t a t e b y hyd roch lo r i c ac id c o n t a i n s f rom 0-1 t o 0-3 p e r 
c e n t , of s o d i u m chlor ide . These i m p u r i t i e s c a n t o some e x t e n t b e r e m o v e d b y 
w a s h i n g w i t h w a t e r ; b u t t h e t u n g s t i c ac id t h e n b e c o m e s col loidal a n d f i l t ra t ion is 
i m p r a c t i c a b l e . W a s h i n g w i t h w a t e r c o n t a i n i n g IO p e r cen t , of h y d r o c h l o r i c 
or n i t r i c ac id , p r e v e n t s t h e p e p t i z a t i o n of t h e t u n g s t i c ac id ; b u t e v e n t h e n 
i t is n o t poss ib le t o c o m p l e t e l y r e m o v e t h e soluble impur i t i e s—0-09 p e r cen t , of 
ferric oxide , a n d 0-06 p e r cen t , of c a l c ium oxide , a s well a s t r a c e s of t i t a n i u m a n d 
m o l y b d e n u m m a y be p r e s e n t . T h e p r e c i p i t a t i o n is ca r r i ed o u t in w o o d e n v a t s or 
p o t s of v i t r e o u s silica. T h e s o d i u m t u n g s t a t e o b t a i n e d f rom wol f rami te is s o m e ­
t i m e s pur i f ied b y c o n v e r t i n g i t i n t o ca l c ium t u n g s t a t e b y a d d i n g a n excess of a soln. 
of ca l c ium chlor ide of s p . g r . 1-16, a n d t h e w a s h e d p r e c i p i t a t e is t r e a t e d w i t h boi l ing 
hyd roch lo r i c ac id of s p . gr. 1-10. T h e p rocess w a s desc r ibed b y C. H . J o n e s , w h o 
o b t a i n e d a s a m p l e w i t h 99-53 p e r c e n t . W O 3 b y t h i s m e a n s . 

H y d r a t e d t u n g s t e n t r i o x i d e r e a d i l y d issolves i n a q . a m m o n i a , if i t h a s n o t 
b e e n d r i ed a t t o o h igh a t e m p . , i t is m a r k e d l y less so lub le if d r i ed ove r 170°, a n d is 
p r a c t i c a l l y inso lub le if h e a t e d a b o v e 500° . T u n g s t e n t r i o x i d e w a s pur i f ied b y 
J . Pe r soz , F . A. Bernou l l i , a n d A . R i c h e b y d isso lv ing i t in a q . a m m o n i a , a n d a g a i n 
p r e c i p i t a t i n g i t w i t h ac id . Severa l r e p e t i t i o n s of t h e p rocess a r e n e e d e d for a p r o ­
d u c t of a h i g h deg ree of p u r i t y . If t h e a m m o n i a c a l soln . of t h e t u n g s t e n t r i o x i d e is 
a l lowed t o s t a n d for some h o u r s a n d t h e n filtered, t h e i m p u r i t y , i ron , m a y p a s s i n t o 
soln . T h e soln. is e v a p o r a t e d i n o r d e r t o o b t a i n w h i t e c ry s t a l s of a m m o n i u m 
p a r a t u n g s t a t e ; t he se a r e w a s h e d w i t h cold w a t e r a n d d r i ed . O n e c rys t a l l i z a t i on 
m a y n o t suffice f o r , t h e r e m o v a l of i ron . T h e p a r a t u n g s t a t e , be ing inso lub le in 
wa te r , is d e c o m p o s e d b y boi l ing w i t h 40 p e r cen t , n i t r i c or hyd roch lo r i c ac id , a n d 
t h e h y d r a t e d t u n g s t e n t r i o x i d e is d i sso lved i n a q . a m m o n i a a n d r e c rys ta l l i zed a s 
before . T h e c rys ta l l i za t ion m a y b e modif ied b y a d d i n g s o d i u m o r p o t a s s i u m 
h y d r o x i d e t o t h e so ln . of a m m o n i u m t u n g s t a t e , w h e n c ry s t a l s of t h e c o m p l e x s a l t 
2 R 2 0 . 3 ( N H 4 ) 2 0 . 1 2 W 0 3 . 1 5 H 2 0 a r e o b t a i n e d . T h e c rys t a l s c a n b e d e c o m p o s e d b y 
d issolv ing t h e m in soda- lye , t h e a m m o n i a d r i v e n ofE b y h e a t , a n d t h e a lka l i t u n g s t a t e 
soln. r u n i n t o boi l ing acid . Th i s modi f ica t ion g ives t u n g s t e n t r i o x i d e free f rom i ron , 
b u t i t c o n t a i n s 0-1 t o 0-3 p e r c e n t , of a lka l i ch lor ide . E . F . S m i t h a n d F . F . E x n e r 
d i g e s t e d a m m o n i u m t u n g s t a t e w i t h n i t r i c ac id ( 1 : 1 ) a n d a l i t t l e h y d r o c h l o r i c a c id ; 
a n d d i s so lved t h e t h o r o u g h l y w a s h e d p r o d u c t i n a q . a m m o n i a . T h e soln. d e p o s i t e d 
c ry s t a l s of a m m o n i u m p a r a t u n g s t a t e . Af te r s eve ra l r e p e t i t i o n s of t h e p rocess , t h e 
sa l t w a s d ige s t ed w i t h n i t r i c ac id ; e v a p o r a t e d t o d r y n e s s ; a n d i gn i t ed . T h e 
ox ide c a n a l so b e pur i f ied b y conve r s ion i n t o t h e oxych lo r ide , a n d t r e a t m e n t w i t h 
ac id—O- Rufi , M. E . P e n n i n g t o n a n d E . F . S m i t h , a n d C. F r i e d h e i m a n d 
R . E . Meyer . 

J . Waddel l purified tungs ten trioxide b y fusing the crude oxide w i t h potass ium 
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h y d r o s u l p h a t e ; a n d dissolving t h e cold c a k e in w a t e r t o r e m o v e t h e silica. T h e 
filtered soln. w a s f rac t iona l ly p r e c i p i t a t e d b y a d d i n g m e r c u r o u s n i t r a t e . T h e 
first f rac t ions were t r e a t e d w i t h a q u a regia , a n d t h e r e su l t i ng h y d r a t e d t u n g s t e n 
t r i o x i d e fused w i t h s o d i u m c a r b o n a t e . T h e cold m a s s w a s dissolved in w a t e r , m i x e d 
w i t h e n o u g h t a r t a r i c ac id t o p r e v e n t p r e c i p i t a t i o n w h e n t h e soln. w a s acidified w i t h 
h y d r o c h l o r i c ac id . A c u r r e n t of h y d r o g e n su lph ide p rec ip i t a t e s t h e m o l y b d e n u m 
b u t n o t t h e t u n g s t e n . T h e filtered l iqu id w a s t h e n boi led w i t h a n excess of cone , 
h y d r o c h l o r i c ac id t o p r e c i p i t a t e t h e h y d r a t e d t u n g s t e n t r i ox ide . 

R . E . P e a r s o n a n d co-workers desc r ibed a n e lec t ro ly t ic process of r educ ing t h e 
ox ide—v ide m o l y b d e n u m . Acco rd ing t o C. H . F i scher , m e t a l s which form insoluble 
s u l p h a t e s c a n b e r e m o v e d b y d issolv ing t h e c r u d e t u n g s t e n t r i ox ide in a b o u t twice 
i t s w e i g h t of fused p o t a s s i u m h y d r o x i d e m i x e d w i t h l ime ; e x t r a c t i n g t h e cold m a s s 
w i t h w a t e r ; a n d t r e a t i n g t h e soln. w i t h a l a rge excess of a m m o n i u m su lph ide t o 
p r e c i p i t a t e i ron , z inc , e t c . T h e t u n g s t e n r e m a i n s in soln. as po lysu lph ide ; i t is 
p r e c i p i t a t e d a s su lph ide b y a d d i n g h y d r o c h l o r i c ac id ; t h e p r e c i p i t a t e is d r ied a n d 
ox id ized b y r o a s t i n g , a n d t h e t u n g s t e n t r i ox ide , t h u s fo rmed , is purified b y dissolving 
in p o t a s s i u m h y d r o x i d e soln. a n d r e p r e c i p i t a t i n g w i t h hydroch lo r i c acid . P h o s p h o r u s 
a n d a r sen ic c a n b e r e m o v e d f rom t h e soln. of s o d i u m t u n g s t a t e as a m m o n i u m 
m a g n e s i u m p h o s p h a t e a n d a r s e n a t e b y ox id iz ing t h e soln. w i t h s o d i u m hypoch lo r i t e ; 
a d d i n g m a g n e s i u m chlor ide ; boi l ing t h e l iqu id ; a n d a d d i n g a m m o n i a a n d 
a m m o n i u m ch lor ide i n excess . 

S o m e w o r k h a s b e e n d o n e on t h e s e p a r a t i o n of m o l y b d e n u m a n d t u n g s t e n . 
One series of p rocesses is b a s e d on t h e fac t o b s e r v e d b y H . R o s e . 6 W h e n t a r t a r i c 
ac id is a d d e d t o t h e s u l p h u r i c ac id soln. of t h e a lka l i sa l t s , a n d h y d r o g e n su lph ide 
p a s s e d i n t o t h e l iqu id , t h e m o l y b d e n u m is p r e c i p i t a t e d a s su lph ide , while t h e 
t u n g s t e n s u l p h i d e is k e p t in soln. b y t h e t a r t a r i c ac id ( J . Lefor t , a n d J . Wadde l l ) . 
I n a n o t h e r ser ies , w a r m s u l p h u r i c ac id of s p . gr . 1*378 dissolves t h e m o l y b d e n u m 
f rom a m i x t u r e of t h e f reshly p r e c i p i t a t e d m o l y b d e n u m a n d t u n g s t e n t r iox ides 
( E . D . Des i , M. J . R u e g e n b e r g a n d E . E . S m i t h , a n d W . H o m m e l ) . I n a t h i r d series, 
if d r y h y d r o g e n ch lor ide b e p a s s e d ove r t h e m i x e d oxides a t 250°—270°, t h e m o l y b ­
d e n u m oxych lo r ide , MoO 3 . 2HCl , is a lone vola t i l i zed (E . P e c h a r d , a n d H . D e b r a y ) . 
I n a f o u r t h series, t h e t u n g s t e n is p r e c i p i t a t e d a s p e n t o x i d e w h e n a soln. of s t a n n o u s 
ch lor ide is a d d e d t o a boi l ing soln . of s o d i u m t u n g s t a t e a n d m o l y b d a t e . T h e 
m o l y b d e n u m r e m a i n s in soln . ( B . M d i v a n i , a n d E . E . M a r b a k e r ) . Sod ium 
t u n g s t a t e free f rom m o l y b d e n u m w a s p r e p a r e d in t h e following m a n n e r b y 
C. E r i e d h e i m a n d R . M e y e r : 

S o d i u m t u n g s t a t e , p repa red , i n t h e u s u a l w a y , is dissolved, i n cold w a t e r , a n d t o t h e 
s a t . so ln . h y d r o c h l o r i c a c i d i s a d d e d u n t i l t h e r e a c t i o n is on ly feebly a lka l ine ; t h e p a r a -
t u n g s t a t e t h u s ob ta ined , i s crysta l l ized, o u t , a n d once recrys ta l l i zod . O n e half of i t is 
d i s so lved i n bo i l i ng w a t e r , a n d h y d r o c h l o r i c a n d a l i t t l e n i t r i c ac id a d d e d ; h y d r a t e d 
t u n g s t i c a c i d is p rec ip i t a t ed . . T h i s is w a s h e d t h o r o u g h l y w i t h h o t w a t e r a n d a d d e d t o a 
bo i l i ng so ln . of t h e o t h e r hal f of t h e p a r a t u n g s t a t e , u n t i l a p o r t i o n n o longer g ives a p rec ip i ­
t a t e w i t h h y d r o c h l o r i c a c i d . T h e b u l k of t h e so ln . is t h e n fi l tered, h y d r o chlor ic ac id is 
a d d e d , a n d t h e so ln . i s bo i l ed a n d r e p e a t e d l y s a t . w i t h h y d r o g e n s u l p h i d e . T h i s p rec ip i ­
t a t e s t h e m o l y b d e n u m a s s u l p h i d e , w h i l s t t h e m e t a t u n g s t a t e is n o t a t t a c k e d . T h e so ln . 
is filtered, c o n c e n t r a t e d , o x i d i z e d w i t h a few d r o p s of b r o m i n e w a t e r , a n d n e u t r a l i z e d 
w i t h s o d a ; p u r e s o d i u m p a r a t u n g s t a t e c a n t h e n be o b t a i n e d f rom i t b y c ry s t a l l i z a t i on . 
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K1 

§ 4. The Preparation of Tungsten 
F o r t h e p r e p a r a t i o n of t h e m e t a l of a h i g h d e g r e e of p u r i t y , t h e o x i d e is r e d u c e d 

b y h e a t i n g i t i n a c u r r e n t of hydrogen. T h i s m e t h o d w a s u s e d b y J . J . B e r z e l i u s , 1 

F . W o h l e r , F . J e a n , J . W a d d e l l / W . M a j e r t , C. W . D a v i s , C. W . S i e m e n s a n d 
A . K . H u n t i n g t o n , C. W . B l a k e , T . S i n g t o n , Gr. B e s s a , L . K . P r a t t , C. M . J o h n s o n , 
H . N . W a r r e n , E . R . S c h n e i d e r , J . B . v o n B o r c k , A . B i c h e , E . Z e t t n o w , 11. F . M a r c h -
a n d , B a d i s c h e A n i l i n - u n d S o d a f a b r i k , P . S c h w a r z k o p f , E . H u h s t r a t , C H . J o n e s , 
H . E . K o s c o e , J . S c h i l l i n g , E . T h o m s o n , C W . D a v i s , J . P h i l i p p , V . I . S p i t z i n , 
A . P a c z , e t c . Gr. C h a u d r o n d e t e r m i n e d t h e c o n d i t i o n s of e q u i l i b r i u m i n t h e s y s t e m : 
W O 3 + 3 H 2 ^ W + 3 H 2 O , b e t w e e n 6 0 0 ° a n d 1 1 0 0 ° . T h e t r i o x i d e p a s s e s t h r o u g h 
v a r i o u s i n t e r m e d i a t e s t a g e s b e f o r e i t i s 
r e d u c e d t o m e t a l ; t h e r e i s y e l l o w W O 3 ; 
d e e p b l u e W 2 O 5 ; a n d c h o c o l a t e - b r o w n 
W O 2 . I f t h e r e d u c t i o n i s s t o p p e d a t 
i n t e r v a l s , t h e s e c h a n g e s i n c o l o u r s u c ­
c e e d o n e a n o t h e r a s t h e r e d u c t i o n p r o ­
c e e d s . T h u s , a t 4 0 0 ° , t h e g r e e n i s h - b l u e 
p r o d u c t h a s t h e a p p r o x i m a t e c o m p o ­
s i t i o n W O 3 + W 2 O 5 ; a t 5 0 0 ° , i n t e n s e 
b l u e W 2 O 5 i s f o r m e d ; a t 5 5 0 ° , d a r k 
b l u e W 2 O 6 ; a t 5 7 5 ° , p u r p l e - b r o w n _ ._.. . _xr TT_ 
IT7 r, , w n . ^4. ctrif\° ^u~ i ±~ î  „ „ F i o . 2 .—Equi l ibr ium b e t w e e n Water , H y d r o -

K 5 S ' b S ^ L h S S w5ST! gen-Tungaten' - d ite ° x i d -
a t 700°, g rey i sh-b lack W ; a t 800°, g rey W ; a t 900°, me ta l l i c g r ey W ; a n d a t 
1000°, coarse me ta l l i c W . T h e observed va lues of t h e c o n s t a n t J K ^ = [ H 2 0 ] / [ H 2 ] , 
co r re sponded w i t h t h e r eac t i ons : H 2 + 2 W O 3 ^ W 2 O 5 + H 2 O , for wh ich J . A . M. v a n 
L i e m p t g a v e log K1 = -2468T~i+3-15 ; H 2 + W 2 0 5 ^ 2 W 0 2 + H 2 0 , for which 
log K2=-817T-1+0-88 ; a n d 2 H 2 + W O 2 ^ W + 2 H 2 O , for which log A^3 

= — 1 1 1 2 ^ 1 + 0 - 8 4 : 5 . G. C h a u d r o n ' s va lues of log K a n d T~i a re p l o t t e d in F ig . 2. 
T h e resu l t s were conf i rmed b y XJ. W o h l e r a n d co-workers—v ide infra. L*. Wohle r 
a n d K . Gi in the r g a v e for W O 3 - ^ W 2 O 5 , log K1 = — 1375 T " * + 2 - 2 3 5 ; for W o O ^ W O o , 
log K 2 = - 1 0 0 0 2 ^ + 1-21S ; a n d * for W O 2 - ^ W , log K3 = -1904f-i + 1 - 5 5 4 . 
W . R e i n d e r s a n d A. W . Verv loe t could n o t o b t a i n sa t i s fac to ry va lues for ,ST1 because 
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the composit ion of the blue oxide obta ined varied from W : O = I : 2-20 t o 1 : 2-95. 
H . Al ter thum and F . Koref s tudied this subject—vide infra9 the individual oxides . 
G. Chaudron found t h a t if the equilibrium curves are extrapolated, 1 and 2 will 
intersect at a lower t emp. , and 2 and 3 a t higher t e m p . Hence , above and below 
these points there m u s t be equilibria represented b y W 2 O 5 - I - S H 2 V = ^ W + 5 H 2 O, and 
W 0 3 + H 2 r = W 0 2 + H 2 0 . A t 900°, W O 2 is stable in a mixture of 40 t o 55 per cent , 
of hydrogen, and 60 to 45 per cent , of s team, while W 2 O 5 is stable in a mixture of 
12 per cent, of hydrogen and 88 per cent , of s team. J. A. M. v a n L*iempt prepared 
these t w o oxides b y passing hydrogen through water a t 85° a n d 97° respectively, 
in order t o obtain the correct proportion of s team in the gas, and then over a th in 
layer of tungs ten tr ioxide. If the s team be removed cont inuously from the sphere 
of the reaction, the tungs ten trioxide is reduced to meta l provided the t emp, is a t 
least 700°. A t lower t emp. , the t ime required is too long t o be practicable. 
G. A. Meerson studied this subject and found tha t the size of the* crystals of the 
trioxide does n o t influence the size of the crystals of tungsten . 

F . Wohler, and W. Majert reduced red-hot acid potass ium tungstate in a current 
of hydrogen, a n d washed out the normal tungstate b y boiling alkali-lye. E . Defacqz 
obtained crystals of the metal b y heat ing tungsten disulphide in a current of dry 
hydrogen ; L. v o n Uslar, b y passing a mixture of hydrogen and the vapour of the 
oxychloride WOCl 4 or AVO2Cl2 through a red-hot tube ; H . E . Roscoe , b y passing 
a mixture of hydrogen and the vapour of the chloride WCl 4 or WCl 6 through a tube 
at about 420° ; and E. Wohler, b y passing hydrogen over the amide . Other 
reducing gases m a y be used : thus , C. W . D a v i s found t h a t a 2 h r s / reduction b y 
gasoline vapour at 1080° yielded a product -with 98 per cent, tungs ten ; J . J . Ber-
zelius found t h a t tungsten trioxide, heated wi th sodium carbonate on charcoal 
in the inner blowpipe flame, is reduced to metal ; and E . D . Clarke reported t h a t he 
obtained a copper-coloured metal b y heat ing tungs ten trioxide before t h e o x y -
hydrogen blowpipe flame. 

J . Ii. Gray Lussac and L. J . Thenard reduced tungs ten trioxide t o tungs ten b y 
heat ing i t w i th potassium or sodium. E . Zet tnow heated a mixture of tungs ten 
trioxide and sodium under a layer of fused sodium chloride, in an iron crucible, a n d 
extracted the cold mass with water, and dil. hydrochloric acid to remove the alkali 
salts a n d iron. A. B iche reduced tungsten hexachloride to meta l b y means of 
sodium ; and J. W. Marden used a modification of the process. A. Burger, 
A. S. Cachemaiile, and H. Kuzel and E . Wedekind reduced tungs ten tr ioxide b y 
heat ing i t in an evacuated tube in the vapour of calcium ; and washing out the 
calcium oxide b y dil. nitric acid. K. Kuzel and E . Wedekind used this process. 
Xi. Weiss and A. Martin found t h a t calcium and L. Weiss and O. Aichel t h a t 
mischmetall are no t satisfactory reducing agents . L. Weiss and A. Martin used 
magnesium as a reducing agent ; and H. Wright, tin. S. M. Delepine reduced 
tungsten trioxide to metal b y means of powdered zinc a t a red-heat ; and washing 
o u t the zinc oxide wi th hydrochloric acid, and the unchanged trioxide b y dil. 
alkali-lye. L. Weiss and A. Martin obtained 99-8 per cent, tungs ten b y this means . 
E . Straub obtained alloys b y passing the vapour of the required meta l over heated 
tungs ten trioxide. H. Goldschmidt found t h a t tungsten trioxide is easi ly reduced 
b y aluminium in the thermite process. A n int imate mixture of the trioxide and 
powdered aluminium, contained in a crucible, can be ignited b y a fuse of sodium or 
barium dioxide mixed wi th some magnes ium powder. As a result, an al loy of 
a luminium-tungsten is formed and i t dissolves in the tungsten . The excess of 
tungs ten trioxide forms an aluminium tungstate , and goes into the slag. O. Voigt-
lander heated the mixture of tungsten trioxide and aluminium so tha t after the 
reduct ion t h e temp, is high enough to keep the tungsten in a mol ten state . The 
a luminium reduction process was discussed b y H . Goldschmidt and C Vaut in , 
J . W . Marden, G. A. Percival, C. R. Schroeder, H . Lohmann, G. Bessa, W . C. Blake , 
4fv'Ii. F . Vogel , N . Branoic, A. Martin, and E . Kupelwieser. K. Metzger said t h a t 
dhe yie ld is poor. Ii. Weiss and A. Martin found t h a t the product has 93*36 per cent . 
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of t u n g s t e n , 1-75 pe r cen t , of silicon, 3-68 pe r cen t , of a l u m i n i u m , a n d 2-18 pe r cen t , 
of ca lc ium. A . S t a v e n h a g e n used one - th i rd t h e vol . of l iquid a i r t o ign i t e t h e m i x t u r e 
of t u n g s t e n t r i ox ide a n d a l u m i n i u m . W . P r a n d t l a n d B . B leye r r e c o m m e n d e d a 
m i x t u r e of ca lc ium a n d a l u m i n i u m in p lace of a l u m i n i u m a lone . A . S t a v e n h a g e n 
a n d E . S c h u c h a r d o b t a i n e d a l loys b y reduc ing a m i x t u r e of t h e ox ides w i t h 
a l u m i n i u m . B . N e u m a n n r e d u c e d t h e oxide w i t h silicon ; a n d F . M. B e c k e t found 
t h a t t u n g s t e n t r iox ide c a n be r e d u c e d b y silicon or horon w h e n t h e m i x t u r e is h e a t e d 
in a n electr ic fu rnace . 

W h e n t u n g s t e n t r i o x i d e first a t t r a c t e d a t t e n t i o n , i t was r e d u c e d t o a m e t a l 
b y h e a t i n g i t w i t h carbon or c a r b o n a c e o u s m a t t e r . J . J . a n d E . de E l h u y a r , 
IJ. N . V a u q u e l i n a n d L.. H e c h t , C. H a t c h e t t , W . Allen a n d A. Aikin , G. Bessa , 
I ) . J . Giles, A. R u p r e c h t , H . W . H u t c h i n , a n d E . Z e t t n o w used th i s m e t h o d ; whi le 
C F . Bucho lz , F . A. Bernoul l i , a n d J . J . Berze l ius t h u s o b t a i n e d " t u n g s t e n " b y 
h e a t i n g a m i x t u r e of c a r b o n a n d a t u n g s t a t e . H . Kr i eg , a n d E . Defacqz o b t a i n e d 
" t u n g s t e n " d i r ec t ly b y h e a t i n g a m i x t u r e of t h e t u n g s t a t e ore a n d ca rbon . S l ight ly 
less t h a n t h e t h e o r e t i c a l p r o p o r t i o n of c a r b o n — c o k e , a n t h r a c i t e , coal , or cha rcoa l— 
r e q u i r e d for r e d u c i n g t h e t r i ox ide t o t u n g s t e n a n d c a r b o n m o n o x i d e , is i n t i m a t e l y 
m i x e d w i t h t h e p o w d e r e d oxide . T h e m i x t u r e is c h a r g e d i n t o a crucib le , which is 
t h e n covered , a n d h e a t e d in a fu rnace . T h e m e t a l r e m a i n s as a fine grey p o w d e r 
m i x e d w i t h coarse r c rys ta l s , a n d u n d e c o m p o s e d oxide . T h e coarse c rys ta l s a re 
s e p a r a t e d b y w a s h i n g o u t t h e fine pa r t i c l e s w h i c h a re a d d e d t o t h e n e x t cha rge . 
F . F i l s inger h e a t e d a m i x t u r e of t u n g s t e n t r iox ide w i t h 10 pe r cen t , of wood-charcoa l , 
a n d 2 t o 3 pe r cen t , of res in . T h e p o w d e r e d m e t a l is s e p a r a t e d b y lev iga t ion . I t 
h a s n o t a h igh degree of p u r i t y ; i t c o n t a i n s 80 t o 90 p e r cen t , t u n g s t e n . A t a 
t e m p , of 950°, M. H . A n d r e w s a n d S. D u s h m a n obse rved t h a t t u n g s t e n u n i t e s w i t h 
c a r b o n , fo rming ca rb ides w h i c h a re s t ab l e u p t o 2400° ; in consequence , t u n g s t e n 
o b t a i n e d b y r e d u c t i o n w i t h c a r b o n a l w a y s c o n t a i n s some ca rb ide . Accord ing t o 
C. W . D a v i s , i n o rde r t o o b t a i n a sa t i s f ac to ry r e d u c t i o n of t u n g s t e n t r i ox ide t o 
t u n g s t e n , t h e m a t e r i a l m u s t be freed f rom w a t e r , w h i c h is b e s t effected b y a c u r r e n t 
of a i r a t a b o u t 500° . O n r e d u c i n g t h e d r i ed ox ide w i t h ca rbon , a b lue or p u r p l e 
ox ide is p r o d u c e d a t 650° t o 850°, a c h o c o l a t e - b r o w n m i x t u r e of oxides a t 900° t o 
1050°, a n d me ta l l i c t u n g s t e n a b o v e 1050°. T h e p r o p o r t i o n of c a r b o n r equ i r ed for 
t h e r e d u c t i o n r anges f rom 1 : 10 t o 1-6 : 10, acco rd ing t o t h e t e m p . , t i m e , a n d o t h e r 
cond i t i ons . E x c e s s of c a r b o n c a n b e r e m o v e d t o a cons iderab le e x t e n t b y wash ing 
t h e p r o d u c t w i t h w a t e r . C J . Bu t t e r f i e ld h e a t e d a m i x t u r e of scheel i te a n d charcoa l 
i n a g r a p h i t e crucible for 4 t o 5 h r s . a t 1100°--1200o . T h e r e a c t i o n w i t h ca lc ium 
t u n g s t a t e is symbo l i zed : C a W 0 4 - f - 3 C = W - f CaO-f-3CO ; a n d w i t h s o d i u m t u n g ­
s t a t e : N a 2 W O 4 - f - 3 C = W - + - N a 2 O + 3 C O . T h e cold m a s s w a s powdered , a n d t h e 
m e t a l s e p a r a t e d on a s h a k i n g t a b l e . T h e p r o d u c t w a s t h e n w a s h e d wi th di l . h y d r o ­
chlor ic ac id . C. J . H e a d m i x e d finely g r o u n d s o d i u m t u n g s t a t e w i t h a m m o n i u m -
ch lo r ide—or a n y ch lor ide of t h e i ron or m a n g a n e s e g r o u p , a n d a su i t ab le r educ ing 
a g e n t — w o o d cha rcoa l , a n t h r a c i t e , o r p re fe rab ly s a w d u s t — a n d h e a t e d t h e m i x t u r e 
in a n i c h r o m e crucible a t 850° t o 950° for 3 t o 5 h r s . u n t i l all t h e a m m o n i a was 
expel led . T h e r e a c t i o n is symbo l i zed : 2 N H 4 C l + N a 2 W 0 4 + 3 C = 2 N H 3 + 2 N a C l 
+ H 2 O + 3 C O + W . T h e lower half of t h e cha rge is r e m o v e d a n d h e a t e d t o 1000° t o 
1150°, o u t of c o n t a c t w i t h air , w h e r e b y t h e t u n g s t e n t r iox ide is r e d u c e d t o t u n g s t e n 
p o w d e r . T h e m a s s is q u e n c h e d in wa te r , a n d t h e insoluble t u n g s t e n w a s h e d in t h e 
u s u a l w a y . T h e t u n g s t e n c a n be recovered as c a l c ium t u n g s t a t e b y a d d i n g ca lc ium 
chlor ide t o t h e w a s h i n g l iqu id ; t h e a m m o n i a is a lso r ecovered . H . Moissan r educed 
t h e ox ide b y suga r - cha rcoa l in a n electr ic a rc fu rnace . T h e m e t a l is r ead i ly fused 
i n t h a t furnace , b u t if t h e h e a t is n o t a l lowed a c t u a l l y t o m e l t t h e t u n g s t e n , a n d t he 
t u n g s t e n t r iox ide be in excess , t h e m e t a l c a n be p r o d u c e d in a fo rm a lmos t free f rom 
c a r b o n . T h e i ngo t so o b t a i n e d is fused on t h e surface b u t t h e in te r io r is po rous ; a n d 
t h e m a s s t o u c h e s t h e c a r b o n crucible on ly a t a few p o i n t s . Consequen t ly , Ie carbone 
du creuset n'intervient pas, a n d t h e excess of t u n g s t e n t r iox ide is volat i l ized. G. Gin 
used a s imi lar process , a n d a d d e d t h a t t h e r e is a cons iderab le loss of t u n g s t e n t r iox ide 
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b y vo la t i l i za t ion . H . L o h m a n n found t h a t if t h e m e t a l b e h e a t e d t o n e a r i t s m . p . in 
v a c u o or in a c u r r e n t of n e u t r a l gas , a n y c o n t a i n e d c a r b o n is v a p o r i z e d "without 
ox id iz ing or r e d u c i n g a g e n t s be ing p r e s e n t . E . D . Des i sa id t h a t a t a v e r y h i g h 
t e m p , potassium cyanide r e d u c e s t u n g s t e n t r i ox ide t o t h e s i lve r -whi te m e t a l . 
H . N . W a r r e n , a n d R . S a x o n r e d u c e d t h e ox ide b y h e a t i n g i t w i t h calcium carbide ; 
t h e E lec t r i c F u r n a c e s a n d S m e l t e r s L t d . r e d u c e d t h e ox ide b y a m i x t u r e of c a l c ium 
ca rb ide a n d silicide, or ferrosilicon. Xi. K a h l e n b e r g a n d W . J . T r a u t m a n n o b s e r v e d 
t h a t t u n g s t e n t r i o x i d e is n o t eas i ly r e d u c e d "when h e a t e d w i t h silicon ; a n d t h e 
t u n g s t a t e s of b a r i u m , lead , a n d s o d i u m d o n o t y ie ld t h e free m e t a l or s i l ic ide— 
excep t ing , p e r h a p s , t h e case of b a r i u m t u n g s t a t e . E . M. B e c k e t u s e d silicon carbide 
as r educ ing a g e n t . J . N . P r i n g a n d W . F ie ld ing found t h a t t u n g s t e n h e x a c h l o r i d e is 
r e d u c e d b y c a r b o n a t 1000° t o 1500°. A . E . v a n Arke l found t h a t t h e t h e r m a l 
d issoc ia t ion of a gaseous c o m p o u n d , a n d t h e p r e c i p i t a t i o n of t h e m e t a l on a n in­
c a n d e s c e n t f i l amen t is a super io r m e t h o d for m a k i n g t u n g s t e n of a h igh degree of 
p u r i t y . F . Koref r e c o m m e n d e d h e a t i n g a f i lament t o 1000° in a n a t m . of t u n g s t e n 
hexach lo r ide a n d h y d r o g e n a t a b o u t 12 m m . p ress . ; a n d Ph i l ip s G loe l ampenfab r iken 
h e a t e d single c rys t a l s of t u n g s t e n in a n a t m . of t h e hexach lo r ide a t 1200° t o 2400° . 
I n t h e one case t h e wire increased in v o l u m e . If a n i ron r o d is used , N . P a r r a v a n o 
a n d C. Mazze t t i found t h a t a n a l loy of t u n g s t e n a n d i ron is fo rmed . O. L . Mills 
m a d e a l loys of t u n g s t e n b y fusing in a n e lectr ic a rc , a m i x t u r e of t h e c o m p o u n d of 
t h e m e t a l w i t h a m i x t u r e of t u n g s t e n ox ide , t u n g s t e n , a n d t u n g s t e n ca rb ide . 

L . a n d H . H . K a h l e n b e r g a d d e d zinc t o a soln. of a t u n g s t i c ac id or t u n g s t e n 
t r i ox ide in fused s o d i u m a n d p o t a s s i u m chlor ides , a n d o b t a i n e d a b l a c k p o w d e r 
of t u n g s t e n ; t h e ac t ion of a l u m i n i u m is fas te r t h a n t h a t of z inc ; b u t i r o n p r o ­
duces n o depos i t ion of t u n g s t e n . J . F e r e e dis t i l led m e r c u r y f rom t h e a m a l g a m 
a n d o b t a i n e d t h e f inely-divided m e t a l . G. A r r i v a n t p r e p a r e d 99-35 p e r c e n t , 
t u n g s t e n b y t r e a t i n g a pu lve r i zed t u n g s t e n al loy, c o n t a i n i n g 55 p e r cen t , of 
m a n g a n e s e , w i t h hydroch lo r i c ac id . C. W . v o n S iemens a n d J . G. H a l s k e h e a t e d 
a n a l loy of t u n g s t e n w i t h some o t h e r m e t a l s e lect r ical ly , in v a c u o , a n d f o u n d t h a t 
t h e foreign m e t a l s dis t i l led off, l e av ing t h e t u n g s t e n b e h i n d . 

E a r l y in t h e n i n e t e e n t h c e n t u r y , J . G. Chi ld ren 2 r e d u c e d t u n g s t e n t r i o x i d e b y 
m e a n s of a n e lectr ic c u r r e n t ; a b o u t t h e m i d d l e of t h e n i n e t e e n t h c e n t u r y , M. J u n o t 
r e d u c e d t u n g s t e n e lec t ro ly t ica l ly f rom a soln. of a t u n g s t a t e in p o t a s s i u m c y a n i d e 
a n d a lka l i h y d r o x i d e ; a n d in 1867, E . Z e t t n o w e lec t ro lyzed fused s o d i u m t u n g s t a t e 
a n d o b t a i n e d a depos i t of t u n g s t e n on t h e i ron c a t h o d e . T h e m e t a l h a s n o t b e e n 
o b t a i n e d sa t i s fac tor i ly b y t h e e lec t rolys is of a q . soln. of t h e t u n g s t a t e s . Th i s f ac t 
w o u l d n o t h a v e been a n t i c i p a t e d f rom t h e ease w i t h wh ich c h r o m i u m , a m e m b e r 
of t h e s a m e fami ly of e l emen t s , c a n b e depos i t ed f rom a q . soln. E . F . S m i t h , a n d 
W . E . K o e r n e r t r i e d e lec t ro lyz ing n e u t r a l a n d acidic soln. of s o d i u m t u n g s t a t e , 
a n d found t h a t t h e l i qu id t u r n s b lue owing t o t h e f o r m a t i o n of t h e b lue h e m i -
p e n t o x i d e w h i c h col lects a s a p r e c i p i t a t e a t t h e b o t t o m of t h e cell ; t h e b r o w n 
d iox ide m a y a lso be fo rmed . N o m e t a l is depos i t ed . O. Col lenberg a n d K . Ni l sson 
e lec t ro lyzed cone , oxal ic ac id soln. of p o t a s s i u m t u n g s t a t e a t 70° w i t h v a r i o u s 
m e t a l c a t h o d e s . T h e y f o u n d t h a t w i t h a t i n o r l ead c a t h o d e , t h e r e d u c t i o n does 
n o t go fu r the r t h a n t h e h e m i p e n t o x i d e ; whi le w i t h p l a t i n u m or m e r c u r y c a t h o d e s , 
t h e r e d u c t i o n does n o t p roceed so far a s t h e h e m i p e n t o x i d e . O. Col lenberg a n d 
J . B a c k e r failed w i t h hyd roch lo r i c ac id soln . a s e lec t ro ly tes ; L . W . M c C a y a n d 
N . H . F u r m a n failed w i t h hyd roch lo r i c ac id soln . ; a n d A. F i sche r , w i t h a n a lcohol ic 
soln . of t u n g s t e n h e x a c h l o r i d e . T h e W o l f r a m l a m p e n A.G. p a t e n t e d t h e e lec t ro ­
lysis of a soln. of p e r t u n g s t i c ac id or i t s s a l t s i n a q . or o rgan ic so lven t s ; a n d t h e 
e lect rolysis of soln. of t h e sa l t s , s a y t u n g s t e n hexach lo r ide , i n su i t ab l e o rgan ic 
so lven t s , s a y ace tone . T h e sub jec t w a s d iscussed b y D . B . K e y e s a n d S. S w a n n . 
C. A . M a n n a n d H . O. H a l v o r s e n o b s e r v e d t h a t t h e e lectrolysis of a q . soln. , or of 
hyd roch lo r i c ac id soln. w i t h t u n g s t e n e lec t rodes , gives a surface film of ox ide w h i c h 
m a k e s t h e t u n g s t e n pass ive a n d p r e v e n t s f u r t h e r e lectrolysis . W h e n a soln. of d r y 
h y d r o g e n chlor ide in d r y a lcohol is e lec t ro lyzed w i t h a t u n g s t e n a n o d e , t u n g s t e n 
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chlor ide goes i n t o soln. , b u t on ly t h e b r o w n oxide is depos i t ed on t h e c a t h o d e . A 
soln. of h y d r o g e n chlor ide in py r id ine does n o t ionize e n o u g h t o p r o d u c e t u n g s t e n 
chlor ide , a n d n o depos i t is o b t a i n e d on t h e c a t h o d e . A. R o s e n h e i m a n d H . F . B e r n -
hard i -Gr i sson found t h a t w i t h a g r a p h i t e anode a n d p l a t i n u m c a t h o d e w i t h alcoholic 
h y d r o g e n chlor ide soln. of t u n g s t e n t r iox ide , t h e r educ t i on p roceeds on ly as far as 
t h e q u i n q u e v a l e n t s t age ; a n d w i t h hydrof luor ic acid soln., a n d a m e r c u r y c a t h o d e , 
r e d u c t i o n p roceeds a s far as t h e q u a d r i v a l e n t s tage . H . Leiser obse rved t h a t no 
c h a n g e occurs in t h e e lect rolysis of n o r m a l s o d i u m t u n g s t a t e , b u t w i t h t h e m e t a -
t u n g s t a t e e lec t ro ly t ic r e d u c t i o n p roceeds as far a s t h e b lue c o m p o u n d . L . a n d 
H . H . K a h l e n b e r g o b t a i n e d a good depos i t b y t h e electrolysis of a m i x t u r e of fused 
s o d i u m a n d p o t a s s i u m chlor ides if less t h a n one p a r t of t u n g s t e n t r iox ide t o t w o 
p a r t s of fused ch lor ides is p r e s e n t . H . E . P e a r s o n a n d E . N . Craig said t h a t t u n g s t e n 
is fo rmed w h e n a d i r ec t c u r r e n t is pa s sed t h r o u g h a cell w i t h p a s t y t u n g s t e n t r ioxide, 
in t h e c a t h o d e c h a m b e r , a n d su lphur i c ac id as e lec t ro ly te . B . N e u m a n n a n d 
H . R i c h t e r o b t a i n e d smal l depos i t s of t u n g s t e n f rom soln. of t h e hexach lor ide in 
glycerol wh ich fo rms a c o m p o u n d con t a in ing t u n g s t e n ions . 

B e t t e r r e su l t s h a v e b e e n o b t a i n e d b y t h e e lect rolysis of fused t u n g s t a t e s . 
J . A. M. v a n L i e m p t found t h a t t h e a lka l i t u n g s t a t e s m e l t w i t h o u t decompos i t ion 
b e t w e e n 750° a n d 950°, whi le t h e eu tec t i c m i x t u r e of l i t h ium, p o t a s s i u m , a n d s o d i u m 
t u n g s t a t e s m e l t s a t a b o u t 400° . E . M. J a g e r a n d B . K a p m a found t h a t t h e con­
d u c t i v i t y of t h e fused sa l t increases w i t h t e m p . L . A. H a l l o p e a u found t h a t w h e n 
m o l t e n l i t h i u m p a r a t u n g s t a t e a t 1000° is e lec t ro lyzed a t 3 a m p . a n d 15 vo l t s , t h e 
p r o d u c t , a f te r e x t r a c t i o n w i t h h o t w a t e r , cone , hyd roch lo r i c acid, a n d l i t h i u m 
h y d r o x i d e soln . , cons is t s of c rys ta l l ine t u n g s t e n w h i c h is c o n t a m i n a t e d w i t h m o r e or 
less p l a t i n u m d e r i v e d f rom t h e e lec t rodes . T h e o p a q u e p r i s m a t i c c rys ta l s h a v e t h e 
ac icu la r h a b i t , a n d in some cases c o n t a i n 99*64: p e r cen t , t u n g s t e n . I r o n e lec t rodes 
c a n n o t b e u s e d b e c a u s e t h a t m e t a l dissolves in t h e m o l t e n t u n g s t e n . J . A. M. v a n 
L i e m p t e lec t ro lyzed fused s o d i u m t u n g s t a t e a t 950°, in a v i t r e o u s silica crucible , 
w i t h a c u r r e n t d e n s i t y of 15 a m p . p e r sq . c m . The y ie ld w a s 80 pe r cent , of t h e 
t heo re t i c a l . T h e t u n g s t e n is p r o d u c e d b y t h e r e d u c t i o n of t h e m o l t e n t u n g s t a t e 
b y t h e n a s c e n t s o d i u m l i b e r a t e d a t t h e c a t h o d e : 6 N a + 5 N a 2 W O 4 = W + 4 N a 4 W O 6 . 
P u r e t u n g s t e n is o b t a i n e d so long a s t h e m a s s r e m a i n s n e u t r a l or w e a k l y a lka l ine . 
If i t b e c o m e s t o o s t r o n g l y a lka l ine t h e t u n g s t e n redissolves . I n ac id fusions, 
r e d u c t i o n of W 2 O 7 ions b y t h e s o d i u m occurs w i t h t h e f o r m a t i o n of " t u n g s t e n 
b ronzes " of t h e t y p e M 2 ( W O 3 J n . T h e e lec t r ica l r e s i s t ance of t h e s e <c b ronzes " 
dec reases r a p i d l y w i t h rise of t e m p , owing t o t h e g r a d u a l l i be ra t ion of t u n g s t e n . 
T h e a n o d e r e a c t i o n is W O 4 " + N a 2 W O 4 = N a 2 W 2 0 7 + O 5 0 2 . W h e n u n a t t a c k a b l e 
e l ec t rodes a r e u s e d in a cell w i t h o u t a d i a p h r a g m , t h e p r o d u c t s of t hese e lec t rode 
r e a c t i o n s r eac t , m a k i n g t h e m a s s a lka l ine : 4 N a 4 W O 6 + 3 N a 2 W 2 O 7 — 1 0 N a 2 W O 4 
+ N a 2 O . T h e e lec t rolys is m a y b e m a d e c o n t i n u o u s u n d e r t h e s e cond i t ions b y 
g r a d u a l l y a d d i n g t u n g s t e n t r i o x i d e . I n t h e p resence of W O 4 " , a t u n g s t e n a n o d e is 
oxidized, t h e ox ide d issolv ing t o k e e p t h e fused m a s s n e u t r a l . T u n g s t e n m a y be 
d e p o s i t e d in a n adhes ive , po l i shab le l aye r o n copper , nickel , o r coba l t b y us ing 
t h e s e m e t a l s a s c a t h o d e s in t h e electrolysis of fused ac id t u n g s t a t e s a t 1000°. 
L i t h i u m ac id t u n g s t a t e s g ive t h e b e s t resu l t s . R e p e a t e d l aye r s of t u n g s t e n m a y 
b e t h u s depos i t ed if t h e sur face l aye r s of " t u n g s t e n b ronzes " a re r e m o v e d b e t w e e n 
e a c h e lec t ro lys is . T h e t u n g s t e n is fo rmed b y t h e d e c o m p o s i t i o n of " t u n g s t e n 
b r o n z e s •" p r i m a r i l y depos i t ed . Accord ing t o L . Weis s a n d A. M a r t i n , t u n g s t e n 
t r i o x i d e m a y b e r ead i ly e lec t ro lyzed if i t be fused w i t h cryol i te , a n d a c u r r e n t of 
250 a m p . a n d 13 t o 14 v o l t s be e m p l o y e d . T h e g lobules of m e t a l c o n t a i n 96 per 
cen t , of t u n g s t e n . I n o rde r t o ra ise t h e t e m p , of t h e b a t h , a l u m i n a m a y be added , 
b u t t h e a l u m i n i u m w h i c h is t h e n l i be ra t ed r e a c t s w i t h t h e t u n g s t e n t r iox ide , forming 
t u n g s t e n in a fine s t a t e of subdiv is ion . I n t h e e lect rolysis of fused b a r i u m t u n g ­
s t a t e w i t h a c u r r e n t of 250 a m p . a t 20 vo l t s , t h e r e su l t i ng m e t a l powder , after wash­
ing m a n y t i m e s w i t h dil . n i t r i c acid , w a t e r , a n d a q . a m m o n i a , con ta in s 89-58 p e r 
cent , of tungsten , and 2-54 p e r cen t , of b a r i u m . If b a r i u m chlor ide be also a d d e d 
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to the electrolyte, 90*98 per cent, tungs ten was obtained and i t had 1*99 per cent , 
of barium. Another process was described b y E . W. v o n Siemens and J. G. Halske . 
J . A. M. v a n liienrpt coated metals w i th tungsten b y placing a tungsten anode in a 
porcelain crucible containing l i thium tungstate , and the b o d y t o be coated as 
cathode. A current dens i ty of 75 milliamperes per sq. cm. is used at 0-08 vol t . 
If the coating does not adhere readily to the metal , the metal is first coated wi th 
another suitable metal—e.g. iron is coated wi th copper. !L. Andrieux obtained the 
metal by the electrolysis of fused borates. 

C. A. Mann and H . O. Halvorsen obtained a deposit on iron when fused l i thium 
chloride is used as an electrolyte, w i th a tungsten anode and an iron cathode ; 
H . Mennicke also obtained a deposit w i th fused sodium and tungs ten chlorides as 
electrolyte and a tungs ten cathode. L. and H . H . Kahlenberg electrolyzed soln. 
of tungst ic acid or tungs ten trioxide in fused alkali chlorides, and in fused sodium 
tungstate , and obtained smooth deposits of tungsten . T h e y said t h a t the electro­
lysis of tungst ic acid dissolved in a fused mixture of sodium and potass ium chlorides 
yie lded good deposits of very pure tungsten when t h e ratio of tungst ic acid t o fused 
chloride was less than 1 : 2 ; a blue crystalline tungsten bronze, Na 2 O-W 4 O 1 4 , was 
obtained when the ratio was 1 : 1 ; a red bronze, 2Na2CXW6O1 3 , when the ratio was 
3 : 5 ; and a violet-bronze, when the ratio was 4 : 5 . F r o m soln. of tungst ic acid in 
fused chlorides, zinc and aluminium liberated very finely-divided metal l ic tungsten , 
whereas iron had no act ion ; excess of zinc or a luminium yie lded al loys of these 
metals wi th tungsten. Nickel - tungsten al loys were obtained b y electrolysis of 
mixtures of nickel chloride, alkali chloride, and tungst ic acid. L. Andrieux obtained 
the metal b y the electrolysis of a soln. of the trioxide in fused borate and fluoride. 
Li. St . C. Rroughall e lectrolyzed a soln. of a tungsten salt in l iquid ammonia at a 
low temp, or high press. J. Feree obtained tungs ten b y the electrolysis of a hydro­
fluoric acid soln. of the trioxide, using a mercury cathode ; and K. S. Jackson and 
co-workers found t h a t best condit ions are t o use a 4:*6j!V-acid a t 95°, and a current 
dens i ty of 0-65 to 1-0 a m p . per sq. cm. Hydrochloric and sulphuric acids should 
not be present in the electrolyte. 

According to J . J. Runner and M. !L. H a r t m a n n , 3 90 per cent, of the tungs ten 
extracted from ores is employed in the preparation of ferrotungsten containing 5 0 
t o 85 per cent, tungsten . R. M. K e e n e y described the preparation of the al loy b y 
the reduction of tungs ten ores b y carbon in crucibles—vide supra—prior t o the 
introduction of the electric furnace about 1900. The reduction of the ores b y the 
a luminium thermite process—vide supra—has also been employed. A. J . Ross i 
reduced ferberite wi th a luminium in an electric furnace obtaining an al loy wi th 
75-9 per cent . W ; 21-4, F e ; 1-6, Si ; 0-08, S ; and 0-9, C. G. Gin produced ferro-
tungsten b y reducing scheelite or artificial calcium tungsta te b y 20 per cent , 
ferrosilicon in an electric furnace having t w o cont iguous hearths in series, w i t h 
ferrosilicon electrodes, and an intermediate electrode of fused ferrosilicon. The 
scheelite is placed on the mel ted bath of ferrosilicon, and the silicon oxidizes a t the 
expense of the tungsten trioxide, and forms a slag ; the iron forms ferrotungsten. 
A c o m m o n method of producing ferrotungsten is to reduce the ore wolframite, 
ferberite, and hubnerite in an electric furnace -with carbon. The manganese 
either volati l izes or passes into the slag. The product usual ly contains more 
carbon than is desired in ferrotungsten for steel making, and i t is therefore 
decarburized. 

The decarburization process described b y D . A. L y o n and co-workers, and 
R. M. K e e n e y involves heat ing the metal in the electric furnace in the presence of 
tungs ten trioxide, hammer scale, or iron oxide. I n this way , the carbon can be 
reduced t o 0-15 per cent . The oxidat ion of carbon b y iron oxide entai ls losses as 
iron tungstate , but this loss can be reduced b y adding silica, which results in the 
formation of ferrous silicate. G. Gin recommended cast ing the carburized tungs ten 
in the form of electrodes, which are used wi th a soft steel intermediate electrode. 
The bath above the metal is of tungsten oxide and magnes ium aluminate . The 
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e lec t rodes me l t , a n d t h e i r c a r b o n is b u r n t o u t b y t h e t u n g s t e n o x i d e . A . L e d e r e r 
r e d u c e d t h e c a r b o n c o n t e n t of t u n g s t e n f rom 2-5 t o 0-04: p e r c e n t , b y h e a t i n g t h e 
m e t a l i n d r y h y d r o g e n t o 1200° t o 1300° ; t h e Vere in ig te G l u h l a m p e n A.G. r e c o m ­
m e n d e d us ing a m i x t u r e of h y d r o g e n su lph ide a n d h y d r o g e n ; t h e Z i rkon 
G l i i h l a m p e n w e r k e A.G. e m p l o y e d p h o s p h a m ; a n d E . W . v o n S i e m e n s a n d 
J . G. H a l s k e h e a t e d t h e m e t a l e lec t r ica l ly in ace t ic ac id v a p o u r . F . M. B e c k e t 
d e p h o s p h o r i z e d t h e m e t a l b y feeding t h e solid m e t a l i n a f ine ly-div ided s t a t e on t o 
t h e sur face of a m o l t e n bas i c ox id iz ing b a t h — s a y scheel i te a n d l i m e — a t a t e m p , 
e q u a l t o o r a b o v e t h e m . p . of t h e f e r r o t u n g s t e n . E . W . v o n S iemens a n d 
J . G. H a l s k e d i scussed t h e r e m o v a l of ox ides f rom t h e m e t a l . 

D u c t i l e tungs ten*—In c o n n e c t i o n w i t h t h e m a n u f a c t u r e of i n c a n d e s c e n t f i l ament 
l a m p s , 4 t h e good r e su l t s w i t h t a n t a l u m filaments s t i m u l a t e d t h e e x a m i n a t i o n of 
t h e scarcer m e t a l s , a n d t u n g s t e n , in i t s t u r n , w a s t r i e d . T h e t u n g s t e n p r o d u c e d a t 
t h a t t i m e w a s so h a r d a n d b r i t t l e t h a t , un l ike t a n t a l u m , i t could n o t be d r a w n i n t o 
f i l aments . T h e filaments were the re fo re p r e p a r e d b y a p rocess of s q u i r t i n g s imi lar 
t o t h a t e m p l o y e d in p r e p a r i n g c a r b o n filaments. T h e p o w d e r e d m e t a l m i x e d w i t h 
s o m e b i n d i n g a g e n t — g u m , ge la t ine , a soln. of n i t roce l lu lose in a m y l a c e t a t e , p inene 
h y d r o c h l o r i d e , e t c . — w a s s q u i r t e d t h r o u g h a die , d r i ed , a n d h e a t e d . T h e t u n g s t e n 
p o w d e r w a s also m i x e d w i t h c a d m i u m a m a l g a m , a n d a f te r s q u i r t i n g t h r o u g h a die , 
t h e c a d m i u m a n d m e r c u r y were r e m o v e d b y vo la t i l i z a t i on . T h e col loidal m e t a l 
w a s also t r i ed a s a source of t u n g s t e n for m a n u f a c t u r i n g f i laments- H e r e n o 
b i n d i n g a g e n t is r e q u i r e d . F i l a m e n t s h a v e a lso b e e n m a d e b y t h e W o l f r a m l a r n p e n 
A.G. , a n d A. J u s t a n d F . H a n a m a n b y i n t r o d u c i n g a g lowing m e t a l or c a r b o n 
filament in a n a t m . of t u n g s t e n oxych lo r ide , W O 2 C l 2 or W O C l 4 , a n d a n excess of 
h y d r o g e n . T u n g s t e n is t h u s d e p o s i t e d o n t h e filaments e.g. a cco rd ing t o t h e 
cond i t ions , t h e c a r b o n m a y be who l ly or p a r t i a l l y r ep l aced , W O 2 C l 2 + 2 C - J - H 2 
= 2 H C l + 2 C O - f - W ; o r W O 2 C l 2 + 3 H 2 = 2 H C l + 2 H 2 O + W — a n d t h e filament t h u s 
cons i s t s of a core of m e t a l or c a r b o n enclosed i n a t u b e of t u n g s t e n . 

T h e t u n g s t e n filaments p r e p a r e d b y t h e s e processes were s t r o n g a n d e las t ic , 
b u t were i n c a p a b l e of t a k i n g t h e s l igh tes t p e r m a n e n t s e t w h e n cold, a l t h o u g h t h e y 
were duc t i l e a t a v e r y h i g h t e m p . T h e d u c t i l i t y of t u n g s t e n w a s s h o w n b y 
W . D . Coolidge 5 t o b e c o n d i t i o n e d b y t h e p u r i t y of t h e m e t a l . Acco rd ing t o 
O. Ruff, t h e m e t a l m u s t b e en t i r e ly free f rom ox ide ; i ron a n d n icke l a n d n o n -
me ta l l i c i m p u r i t i e s l ike s u l p h u r , a n d p h o s p h o r u s m u s t be en t i r e ly a b s e n t ; a n d i t 
s h o u l d n o t c o n t a i n m o r e t h a n a b o u t 0*1 p e r cen t , of c a r b o n . Before work ing , t h e 
m e t a l s h o u l d be s i n t e r e d a l m o s t t o t h e m . p . i n o r d e r t o o b t a i n i t in as dense a 
c o n d i t i o n as poss ib le . T h e B r i t i s h T h o m s o n - H o u s t o n Co. o b t a i n e d duc t i l e t u n g s t e n 
b y w o r k i n g a h e a t e d b o d y of c o h e r e n t t u n g s t e n so a s t o t r a n s f o r m t h e m e t a l b y 
r e p e a t e d rol l ing, h a m m e r i n g , swag ing , or d r a w i n g i n t o a f o r m which shows a 
concho ida l f r a c tu r e a n d u l t i m a t e l y b e c o m e s v e r y fibrous. C. J . Smi the l l s , a n d 
o t h e r s h a v e desc r ibed t h e essen t ia l de ta i l s of t h e process . T h e p o w d e r is first 
p re s sed i n t o b r i q u e t t e s ; t h i s is t h e n h e a t e d in h y d r o g e n a t 900° t o 1050° t o s in te r 
t h e p o w d e r ; t h e n f o r m e d b y h e a t i n g i t in h y d r o g e n t o n e a r l y i t s m . p . ; i t is t h e n 
w o r k e d i n t o a r o d b y m e c h a n i c a l h a m m e r i n g cal led " swag ing " ; a n d af ter t h a t i t 
is d r a w n success ively t h r o u g h sma l l e r a n d sma l l e r d ies , a t 400° t o 650°, u n t i l t h e 
wi re h a s t h e r e q u i r e d d i a m e t e r . T h e d r a w - p l a t e is l u b r i c a t e d w i t h a m i x t u r e of 
def loccula ted g r a p h i t e a n d w a t e r . T h e -wires a p p e a r b lue -b l ack owing t o t h e 
sur face c o a t i n g of ox ide a n d g r a p h i t e ; a n d t h e y a re c l eaned b y be ing electr ical ly 
h e a t e d t o du l l r ednes s in a n a t m . of h y d r o g e n ; o r b y t r e a t i n g t h e wire w i t h a h o t 
soln . of soda- lye , s o d i u m d iox ide , h y d r o g e n d iox ide a n d a m m o n i a . 

P . Schwarzkop f a n d S. B u r g s t a l l e r o b t a i n e d duc t i l e t u n g s t e n b y t h e m e t h o d 
i n d i c a t e d in c o n n e c t i o n w i t h duc t i l e m o l y b d e n u m . T h e a d d i t i o n of less t h a n one 
p e r c e n t , of t h o r i a t o t h e t u n g s t e n t r i o x i d e before t h e r e d u c t i o n was s h o w n b y 
W e s t i n g h o u s e M e t a l l f a d e n - G l u h l a m p e n f a b r i k t o m a k e t h e p r o d u c t more d u c t i l e — 
poss ib ly , a cco rd ing t o Z. Jeffries, a n d F . A . F a h r e n w a l d , b y p r e v e n t i n g recrys ta l l iza-
t i on . T h e filaments i n use a r e l iable t o rec rys ta l l i ze a n d r e v e r t t o t he i r or iginal h a r d , 
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b r i t t l e cond i t i on . Th i s shows itself b y i r r egu la r t h i cken ings , A . L e d e r e r sa id 
t h a t t h e t h i cken ings a re l o n g i t u d i n a l w h e n a d i r e c t c u r r e n t is used , a n d w i t h a n 
a l t e r n a t i n g c u r r e n t t h e r e is a k i n d of s l id ing m o t i o n b e t w e e n a d j a c e n t p a r t s of t h e 
filament which resu l t s in f r ac tu re . These defec ts a re a l l ev ia t ed b y us ing a n a l loy 
of t u n g s t e n w i t h one of t h e r a r e m e t a l s i n s t e a d of t u n g s t e n a lone . T h e t h o r i u m 
ox ide - tungs t en f i laments were s t u d i e d b y W . Greiss a n d J . A . M. v a n L i e m p t . 

J . Fe r ee 6 p r e p a r e d p y r o p h o r i c t u n g s t e n b y t h e d i s t i l l a t ion of m e r c u r y f rom 
t u n g s t e n a m a l g a m . H . K u z e l o b t a i n e d col loidal t u n g s t e n b y t r e a t i n g i t a l t e r n a t e l y 
w i th dil . soln. of ac id a n d n e u t r a l r e a g e n t s . 10 k g r m s . of t h e m e t a l were h e a t e d 
for 24 t o 48 h r s . w i t h 75 k g r m s . of 15 p e r cen t , hyd roch lo r i c ac id , well a g i t a t e d , 
d e c a n t e d , a n d w a s h e d w i t h dis t i l led w a t e r , u n t i l some colloidal m e t a l b e g a n t o 
p a s s i n t o t h e filtrate. T h e m e t a l w a s t h e n t r e a t e d for 24 h r s . w i t h 75 k g r m s . of a 
one pe r cen t . soln. of p o t a s s i u m c y a n i d e , w a s h e d w i t h dis t i l led w a t e r , a n d h e a t e d 
w i t h 75 k g r m s . of a one pe r cen t . soln. of fe r rous s u l p h a t e . Af te r w a s h i n g t o 
r e m o v e t h e i r o n sa l t s , t h e res idue is t r e a t e d w i t h a 2 p e r cen t , a lcohol ic soln. of 
m o n o m e t h y l a m i n e , or a 0-5 p e r cen t . soln. of s o d i u m h y d r o x i d e . W h e n t h e p rocess 
is r e p e a t e d seve ra l t i m e s , t h e m e t a l is a l m o s t c o m p l e t e l y p e p t i z e d in dis t i l led w a t e r . 
H . Schulze e m p l o y e d a n ana logous m e t h o d of d i spers ion in 1885. T h e p rocess w a s 
d iscussed b y E . T>. Des i , J . P i n t s c h , A . P a c z , E . J . P l a n c h o n , A . L o t t e r m o s e r a n d 
W . Riede l , a n d E . W . v o n S iemens a n d J . Gr. H a l s k e . A. L o t t e r m o s e r d i scussed 
t h e colloidal c o n t e n t of t u n g s t e n p o w d e r . J . Bi l l i tzer o b t a i n e d t h e colloidal m e t a l 
b y m a k i n g a n e lect r ic a r c b e t w e e n t u n g s t e n e lec t rodes u n d e r w a t e r . T . S v e d b e r g 
p r e p a r e d t h e i sobuty la lcoso l b y t h e electr ic d ispers ion m e t h o d — 3 . 2 3 , 1 0 — a n d 
C. H . v o n Hoess le p r e p a r e d hydroso l s b y electr ic d ispers ion . Ja. H a m b u r g e r s t u d i e d 
t h e p rope r t i e s of t h i n films. 

T h e t e r m single crystal, or unicrt/stal> is app l i ed t o a wire or r o d t h e who le of 
which is c o m p o s e d of one c r y s t a l . T h e t e r m is n o t u s u a l l y app l i ed t o t h e i so la ted 
c rys t a l s , s ay , w h e n t u n g s t e n is depos i t ed f rom i t s v a p o u r . One -c rys t a l wires 
were s t u d i e d b y Gr. T a m m a n n , 7 J . Czochra l sky , B . D u s c h n i t z , I . T a r j a n a n d 
P . T a r y , Z. Jeffries, J . P i n t s c h , a n d H . C. H . C a r p e n t e r a n d C. F . E l a m . Single 
c rys t a l s of t u n g s t e n wire were p r e p a r e d in 1914 b y J . P i n t s c h b y d r a w i n g t h e o r d i n a r y 
s q u i r t e d t u n g s t e n filament, c o n t a i n i n g a l i t t l e t h o r i a , t h r o u g h a zone ra ised t o 2000° 
t o 2200° in a n a t m . of h y d r o g e n , a n d a t a r a t e of a b o u t 3 m e t r e s p e r h o u r . T h e 
process w a s modif ied b y F . S. Goucher , a n d H . J a c o b y . T h e d i a m e t e r of t h e single 
c ry s t a l s of t u n g s t e n w a s inc reased b y E . Koref, b y g lowing t h e wi re in t h e v a p o u r 
of t u n g s t e n hexach lo r ide in t h e p resence of h y d r o g e n : W C l 6 = W + 3 C l 2 , a n d 
W C l 6 + 3 H 2 = W + 6 H C l . T h e t u n g s t e n forms a n a d h e r e n t depos i t on t h e wire , a n d 
as g r o w t h p roceeds , t h e wire a s s u m e s a c rys ta l l ine con tour—four - , six-, or e igh t -
s i d e d — d e p e n d i n g on t h e o r i e n t a t i o n of t h e c r y s t a l w i t h r e spec t t o t h e ax i s of t h e 
wi re . W h e n t h e d i a m e t e r of t h e wire h a s b e e n inc reased 3 or 4 t i m e s , a n y fu r the r 
depos i t i on r e su l t s in t h e f o r m a t i o n of n e w c rys t a l s w i t h a different o r i e n t a t i o n . 
T h e mic roscope a n d t h e X - r a d i o g r a m s s h o w t h a t t h e s t r u c t u r e of t h e depos i t is 
i den t i ca l w i t h t h a t of t h e or ig ina l c r y s t a l . T h e sub j ec t w a s i n v e s t i g a t e d b y 
H . F i s c h v o i g t a n d F . Koref, a n d b y A. E . v a n Arke l . J . A. M. v a n !Liempt a lso 
deve loped a m e t h o d of inc reas ing t h e d i a m e t e r of single c rys t a l s b y e lec t ro -
depos i t ion f rom ac id l i t h i u m t u n g s t a t e . 
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§ 5. The Physical Properties of Tungsten 
T h e co lour of t h e m e t a l p r e p a r e d b y J . J . a n d F . d e E l h u y a r , 1 b y t h e c a r b o n 

r e d u c t i o n process , is s tee l -grey , w i t h a s t r o n g me ta l l i c l u s t r e . If s lowly r educed 
a t a h igh t e m p , t h e p o w d e r is coarse -gra ined , a n d grey , b u t if r e d u c e d s lowly 
a t a low t e m p . , i t is f ine-grained a n d b l a c k ( F . W o h l e r , J . J . Berze l ius , H . E . Roscoe , 
a n d M. E . P e n n i n g t o n a n d E . F . S m i t h ) . C. W . S i emens a n d A. K . H u n t i n g t o n 
sa id t h a t t h e m e t a l w h i c h h a s b e e n fused is 
w h i t e a n d b r i t t l e , w i t h a v e r y close g r a i n . 
T h e m e t a l a s p r e p a r e d b y F . Woh le r , b y 
h y d r o g e n r e d u c t i o n , is a s i lver -grey or t i n -
w h i t e p o w d e r . H . v o n W a r t e n b e r g sa id t h a t 
t h e purif ied m e t a l h a s t h e colour of h igh ly 
po l i shed p l a t i n u m ; a n d !L. "Weiss a d d e d 
t h a t i t h a s a co lour r e s e m b l i n g t h a t of 
m e r c u r y . C. J . Smi the l l s a n d H . P . R o o k s b y 
obse rved t h a t t h e m i c r o s t r u c t u r e of a s a m p l e 
of t u n g s t e n showed sma l l g ra ins w i t h s u b -
b o u n d a r i e s h a v i n g a n e a r l y un i fo rm o r i e n t a t i o n i n each c rys t a l ; these sub-
b o u n d a r i e s a r e fo rmed u n d e r t h e influence of s t resses fo rmed d u r i n g t h e r a p i d cool­
ing of t h e m e t a l . E . Z e t t n o w said t h a t t h e p o w d e r cons is t s of t a b u l a r crystals 
w h i c h a r e p r o b a b l y t e t r a g o n a l p r i sms , b u t , a s w a s s h o w n b y P . D e b y e , t h e c rys ta l s 
a r e cub ic . Th i s is p r o v e d b y t h e in te r fe rence f igures a n d t h e X -rad iograms . T h e 
space- la t t i ce is a b o d y c e n t r e d cube , F i g . 3 ; t h e l e n g t h of t h e edge of t h e c u b e is 

F I G . 3 . A r r a n g e m e n t of A t o m s in t h e 
T u n g s t e n C r y s t a l , and. t h e (112) -p lane . 
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a = 3 - 1 8 x 10—8 cm. ; A. W . H u l l g a v e 3-272 A. ; a n d W . P . D a v e y g a v e a = 3 - 1 5 5 A . 
T h e d i s t ance of closest a p p r o a c h of t h e a t o m s is 2-732 X 1 0 ~ 8 c m . ; a n d if t h e a t . w t . 
is 184, t h e ca lcu la ted dens i ty is 19-32, wh ich a p p r o a c h e s t h e h ighes t obse rved va lues . 
A. E . v a n Arkel , F . S k a u p y , K . Becker , E . Schmid , T . F u j i w a r a , H . C. Burger , 
W . H e r m e - R o t h e r y , J . L e o n h a r d t , W . R o s e n h a i n , J . H e n g s t e n b e r g , a n d R . Gross a n d 
N . B l a s s m a n n s tud i ed t h i s sub jec t . F . S. Gouche r found t h a t b e t w e e n o r d i n a r y 
t e m p , a n d t h e m . p . , n o c h a n g e occurs in t h e space- la t t i ce e x c e p t t h a t d u e t o t h e r m a l 
expans ion ; so t h a t t h e r e is n o ev idence of a n a l lo t ropic fo rm of t u n g s t e n . T h e 
powder , s p l u t t e r e d films, a n d w o r k e d t u n g s t e n h a v e a l l t h e s a m e l a t t i ce s t r u c t u r e 
—vide infra, tensi le s t r e n g t h . A . E , v a n Arke l , F . S. Goucher , J . H e n g s t e n b e r g a n d 
H . M a r k , W . G. B u r g e r s , H . C. Burge r , a n d E . Schiebold d iscussed t h e d e f o r m a t i o n 
of t h e l a t t i ce b y m e c h a n i c a l ac t ion—v ide infra—and W . B r a u n b e k , b y ra i s ing t h e 
t e m p . J . A . M. v a n L i e m p t , a n d F . Koref a n d H . Wolff obse rved n o m e a s u r a b l e 
difference respec t ive ly in t h e h e a t s of c o m b u s t i o n , a n d f rom t h e h e a t s of d isso lu t ion 
of w o r k e d a n d u n w o r k e d t u n g s t e n . W . Geis a n d J . A . M. v a n L i e rnp t ca l cu la t ed 
a n inc reased ene rgy c o n t e n t of 775 cals . p e r g r a m - a t o m of t u n g s t e n b y cold w o r k i n g 
of t h e m e t a l . T h e y obse rved n o ev idence of a compress ion of t h e space- la t t i ce b y 
compress ion or roll ing, a n d conc luded t h a t t h e p h e n o m e n o n is phys i ca l a n d h a s t o d o 
w i t h e lec t rons ; i t is n o t a ques t i on of s t r u c t u r e or of c r y s t a l l o g r a p h y . G. T a m m a n n 
a n d M. S t r a u m a n i s , T . F u j i w a r a , a n d M. E t t i s c h a n d co-workers d iscussed t h e 
s t r u c t u r e of h a r d - d r a w n t u n g s t e n wires . T h e c l eavage is a b o u t t h e (lOO)-plane, 
b u t t h e slip p lanes on de fo rma t ion a r e t h e (112) -p lanes—Fig . 3 . E . S u t t e r o b t a i n e d 
ove r -g rowths w i t h i ron . A pol i shed sec t ion of wi re or r o d does n o t s h o w t h e 
c rys ta l l ine s t r u c t u r e , b u t inclusions l ike t h o r i a a re vis ible . J . L e o n h a r d t s t u d i e d 
t h e c rys t a l ' s s t ruc tu re - T h e m e t a l is m o s t r a p i d l y a t t a c k e d b y e t ch ing r e a g e n t s 
o n t h e (112)-plane, a n d t h e corros ion figures, a s s h o w n b y B . S c h m i d t , R . Gross 
a n d N . B l a s s m a n n , a n d C. J . Smi the l l s , differ f rom t h o s e o b t a i n e d -with m e t a l s l ike 
i ron , wh ich , a l t h o u g h h a v i n g t h e s a m e l a t t i ce s t r u c t u r e , e t ch m o s t r ead i ly on t h e 
(lOO)-planes, a n d show cubic e t ch -p i t s . T h e g ra in s t r u c t u r e r ead i ly a p p e a r s w h e n 
t h e pol i shed surface is e t c h e d for £ t o 10 m i n u t e s w i t h boi l ing 3 pe r cen t , h y d r o g e n 
d iox ide ; w i t h a cold soln. of e q u a l vols , of 10 pe r cen t , s o d i u m h y d r o x i d e a n d 
30 pe r cen t , p o t a s s i u m fe r rocyanide ; or w i t h a h o t soln. of hydrof luor ic a n d n i t r i c 
ac ids a n d w a t e r ( 3 : 1 : 4 ) . E lec t ro lys i s e t ch ing is m o r e difficult t o con t ro l . 
R . Gross a n d co-workers found t h a t w h e n a hol low t u n g s t e n cyl inder , in which 
t h e d i rec t ion of t h e c rys ta l lograph ic ax i s -was c o n s t a n t t h r o u g h o u t , w a s e t c h e d 
wi th a n a lka l ine soln . of p o t a s s i u m fe r rocyanide , s ix e q u a l faces were deve loped 
on t h e in ter ior , a n d s ix on t h e ex te r io r of t h e cyl inder . T h e in te r io r faces were 
se t a t 30° t o t h e a d j a c e n t ex te r io r faces. Th i s r e l a t ive pos i t ion is in acco rdance 
w i t h t h e ru le t h a t t h e ex te r io r faces deve loped on a n e t ched cy l inder a r e t h e p l anes 
of m a x i m u m soln. ve loc i ty , t h o s e on t h e in te r io r t h e p lanes of m i n i m u m ve loc i ty . 

W h e n t h e t e m p , of a p ressed i ngo t of t u n g s t e n is ra i sed b y t h e pas sage of a n 
electr ic cu r ren t , n o c h a n g e i n gra in-s ize occurs be low 1000°—1050° ; a b o v e t h a t 
t e m p . , t h e a v e r a g e grain-s ize increases , a n d t h e s p . gr . of t h e i n g o t increases , 
un t i l , for a g iven t e m p . , equ i l i b r ium is a t t a i n e d , a n d n o apprec i ab le c h a n g e in 
s t r u c t u r e t a k e s p lace . T h e equ i l i b r ium grain-s ize is la rger t h e h igher t h e t e m p . , 
a n d equ i l i b r ium is a p p a r e n t l y r e a c h e d i n a b o u t 15 m i n u t e s . Acco rd ing t o 
H . A l t e r t h u m , t r u e equ i l ib r ium shou ld n o t b e a t t a i n e d u n t i l t h e i n g o t cons is t s of 
o n e c ry s t a l ; a n d if t h e pe r iod of h e a t i n g b e sufficiently p ro longed a t t e m p , a l i t t l e 
b e l o w t h e m . p . , t h i s s t a t e is n e a r l y a t t a i n e d . T h e t i m e r equ i r ed t o fo rm t h e nuc le i 
of c ry s t a l s decreases r a p i d l y a s t h e t e m p , i s r a i sed . T h u s , a t 3000°, t h e t i m e 
r e q u i r e d for t h e fo rma t ion of nucle i is 180 m i n . ; a t 3100°, 110 m i n . ; a n d a t 3200° , 
45 m m . S. Ohash i found t h e r e l a t ion b e t w e e n t h e t e m p . , 0°, of c rys ta l l i za t ion a n d 
t h e t i m e , t9 of h e a t i n g for t h e rec rys ta l l i za t ion of single c r y s t a l wires of t u n g s t e n 
is 0 = 1 2 5 0 — 2 5 0 log t. Z . Jeffries a n d R . S. A r c h e r g a v e 1200° for t h e lowes t t e m p , 
of r ec rys ta l l i za t ion . Accord ing t o G. A . Meierson, t h e g r o w t h of c ry s t a l s of 
t u n g s t e n does n o t c o m m e n c e be low 1200° if t h e p o w d e r e d m e t a l b e h e a t e d i n a 
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s t r e a m of d r y h y d r o g e n . S h o u l d t h e l a t t e r c o n t a i n mo i s tu r e , g r o w t h c o m m e n c e s 
a t 1050°, a n d is a c c o m p a n i e d b y loss in w e i g h t of t h e s a m p l e . These effects a r e 
d u e t o t h e f o r m a t i o n of t u n g s t e n d iox ide , wh ich is vo la t i l e a t 1050°. Th i s , on be ing 
r educed , depos i t s t u n g s t e n o n t h e c rys ta l s . S imi lar ly , t h e f o r m a t i o n of l a rge 
c rys t a l s of t u n g s t e n i n t h e r e d u c t i o n of t u n g s t i c a n h y d r i d e is d u e t o t h e v o l a t i l i t y 
of t h e oxides W O 3 a n d W 2 O 5 , w h i c h a s sumes m e a s u r a b l e p r o p o r t i o n s a t 850° a n d 
900°, r espec t ive ly . W h e r e t u n g s t e n is p r e p a r e d b y t h e r e d u c t i o n of t h e t r i o x i d e 
t h e m a g n i t u d e of t h e c rys t a l s of t h e l a t t e r h a s n o influence o n t h a t of t h e p r o d u c t . 
S imi lar ly , i t is possible t o p r e p a r e l a rge c rys ta l s of d ioxide b y slow r e d u c t i o n of 
t r i ox ide a t a n a p p r o p r i a t e t e m p . 

T h e i n g o t is n o t u n i f o r m l y h e a t e d b y t h e electr ic c u r r e n t . Z. Jeffries, a n d 
C. J . Smi the l l s h a v e s h o w n t h a t t h e r e m a y b e a difference of 150° b e t w e e n t h e 
c e n t r e a n d t h e surface , a n d b e t w e e n t h e m i d d l e p o r t i o n a n d t h e ends f i t ted w i t h 
wa te r -coo led c o n t a c t s . T h e l a rges t c rys ta l s a r e p r o d u c e d a t t h e lowes t t e m p , 
c a p a b l e of p r o d u c i n g e x a g g e r a t e d g r o w t h ; t h e a v e r a g e grain-s ize of t h e m e t a l 
decreases a s t h e t e m p , r ises. H e n c e , also, s ince t h e r a t e of g r o w t h increases r a p i d l y 
w i t h t e m p . , l a rge r g ra ins a r e fo rmed in t h e c e n t r e of t h e i n g o t t h a n in t h e o u t e r 
l aye r s ; a n d t h e la rge g ra ins a b s o r b t h e i r smal le r n e i g h b o u r s . E x a g g e r a t e d g r o w t h 
occurs f rom a b o u t 2500° t o 2800° ; b e l o w t h i s r a n g e of t e m p . , t h e i n g o t r e m a i n s 
f ine-gra ined—Fig . 4 ; a n d a b o v e , g ra in g r o w t h occurs t h r o u g h o u t t h e m e t a l w i t h o u t 
a n y m a r k e d c o n t r a s t deve lop ing . Z. Jeffries f o u n d t h a t t h i s effect is e x a g g e r a t e d 
w h e n t h e r e is a n y o b s t r u c t i o n t o t h e g r o w t h 
of t h e g ra ins . F o r e x a m p l e , t h e p re sence of, 
say , 0-75 pe r cen t , of t h o r i a , increases t h e 
differences i n t h e grain-s ize b y r e s t r a i n i n g t h e 
g r o w t h of t h e smal l g ra ins , whi le t h e l a rge 
g ra ins g row a r o u n d a n d inc lude t h e o b s t r u c ­
t i o n . F . S a u e r w a l d obse rved t h a t t h e g r o w t h 
of t h e g ra ins of loose t u n g s t e n p o w d e r u n d e r 
i t s o^wn w e i g h t occurs a t a b o u t 2500°, t h e 
e x a c t t e m p , d e p e n d s u p o n t h e size of t h e 
gra ins , a n d o n t h e m a g n i t u d e of t h e p ress . 
T h u s , g r a in -g rowth c a n b e d e t e c t e d a t 950° 
w i t h p o w d e r of 0-6^t a v e r a g e d i a m e t e r , a n d witl* 3/x d i a m e t e r g r a in -g rowth 
occurs 70° h igher . W i t h a 0-6ju, powde r , g r a i n - g r o w t h occurs a t 1200° w i t h a 
press , of 10 t o n s p e r sq . in . ; a t 1050°, w i t h a p ress . 2£ t i m e s a s g r e a t ; a n d a t 
900°, -with a p ress . 4 t i m e s a s g r ea t . T h e cause of t h e g r o w t h of t h e g ra ins is 
a t t r i b u t e d t o a r e d u c t i o n in t h e sur face e n e r g y w h e n t h e gra in-s ize increases ; 
t h e finer t h e par t i c les , t h e m o r e r e a d i l y d o t h e g ra ins grow, a n d t h i s is f avoured 
b y t h e g r e a t e r t h e n u m b e r of c o n t a c t s w i t h fine g ra ins t h a n w i t h coarse ones . 
Z. Jeffries a n d H . S. A r c h e r g a v e 1200° for t h e recrys ta l l i z ing t e m p , of t u n g s t e n . 
T h e sub jec t w a s s t u d i e d b y J . A . M. v a n Ltiempt. M. E t t i s c h a n d co-workers 
found t h a t t h e c rys ta l l i t e s i n soft wires a r e i r r egu la r ly a r r a n g e d , a n d in h a r d 
wires regu la r ly . T h e sub j ec t w a s d iscussed b y C. J . Smi the l l s a n d co-workers , 
F . S a u e r w a l d , W . Gr. B u r g e r s , a n d H . P . a n d W . P . D a v e y . T. F u j i w a r a found 
t h a t w h e n t h e c rys t a l s of t u n g s t e n a re depos i t ed b y t h e ac t i on of s t e a m on 
po lyc rys t a l l i ne a n d un i c ry s t a l l i ne t u n g s t e n r o d s h e a t e d i n m o i s t h y d r o g e n , t h e 
c ry s t a l s f o rmed o n po lyc rys t a l l i ne r o d s were r h o m b i c d o d e c a h e d r a w i t h t h e (HO)-
faces s o m e t i m e s a p p e a r i n g a s h e x a g o n a l p r i s m s , a n d some of t h e c rys ta l s were 
l a m i n a t e d . I n t h e case of un ic rys ta l l ine rods , t h e c ry s t a l s on t h e e t c h e d surface 
h a d t h e s a m e o r i e n t a t i o n a s t h e p a r e n t c r y s t a l t o w h i c h t h e y were u n i t e d b y a 
(HO)-p lane . 

T h e ea r ly de t e r rn ina t i ons of t h e specific grav i ty of t u n g s t e n were t o o low, n o 
d o u b t owing t o t h e i m p u r i t y of t h e m e t a l . F o r i n s t a n c e , J . J . a n d F . d e E l h u y a r 2 

g a v e 17-6 ; C. F . Bucho lz , 17-4 ; W . Al len a n d A . Aiken , 17-22 ; F . A, Bernoul l i , 
17-1 t o 18-2 ; E . Z e t t n o w , 17-20 t o 18:4 a t 17-5° ; L . v o n Uslar , 16-54 t o 18-26 

!I 
g 0-0S 

1 0-06 

2500° ?700c 2300* 3/00* 
F i a . 4 . — T h e Effect of Temperature 

o n t h e Grain-s ize of T u n g s t e n . 



702 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

a t 21° ; A. R iche , 1 7 2 ; a n d H . E . Roscoe , 1 9 1 2 9 a t 17°/4°. A m o n g t h e m o r e 
r e c e n t d e t e r m i n a t i o n s , G. A r r i v a n t g a v e 15-8 ; J . W a d d e l l , 18-5 ; L . A . H a l l o p e a u , 
18-68 a t 0° ; H . Moissan, 18-7 ; M. E . P e n n i n g t o n a n d E . E . S m i t h , 18-64 a t 0° ; 
E . F . S m i t h a n d F . F . E x n e r , 19-0 ; A . S t a v e n h a g e n , 16-6 ; S. M. De lep ine , 18-61 
t o 18-67 ; Li. Weiss , 18-72 a t 20° ; H . v o n W a r t e n b e r g gave 17-6 t o 18-3 for m a s s i v e 
t ungs t en , a n d 19-0 t o 19*2 for t h e powder . F . Koref found t h e sp . gr . of u n a n n e a l e d 
t u n g s t e n t o b e 19-19 ; a n d af ter h e a t i n g t o 1050°, 19-23 ; 1225°, 19-23 ; 1525°, 
19-26 ; 1900°, 19-26 ; 2200°, 19-26 ; a n d 2500°, 19-26. C. G. F i n k found t h e v a l u e 
18-81 before d r a w i n g i n t o wire , a n d 19-30, 19-58, a n d 19-86 w h e n d r a w n i n t o wi re 
respec t ive ly 150, 10, a n d 1-5 mils in d i a m e t e r . W . Geiss a n d J . A. M. v a n L i e m p t 
obse rved t h a t t h e cold work ing of t u n g s t e n leads t o 19-35 for t h e dens i ty . Th i s is 
in a g r e e m e n t w i t h t h e v a l u e c o m p u t e d from t h e X - r a d i o g r a m . Th i s m e a n s t h a t 
t h e r e is n o ev idence of a compress ion of t h e space- la t t i ce b y h a m m e r i n g or rol l ing. 
P . H i d n e r t a n d W . T . Sweeney gave 19-211 for 99-98 per cent , t u n g s t e n . F r o m t h e 
X - r a d i o g r a m s , H . C. B u r g e r o b t a i n e d 19-37 w h e n t h a t of s o d i u m chlor ide is 2-164. 
Accord ing t o J . W . A v e r y a n d C. J . Smi the l l s , t h e r e a re changes in t h e sp . gr . of 
wires p r o d u c e d b y t h e effects of t h e l u b r i c a n t o n t h e surface d u r i n g t h e d r a w i n g 
of t h e wire ; b y t h e ox ida t i on of fine wires ; a n d b y surface t ens ion effects w h e n 
smal l masses a r e weighed in l iquids . T h e surface impur i t i e s m u s t b e r e m o v e d 
before t h e sp . gr . of t h e m e t a l is d e t e r m i n e d ; a n d t h e e x t e n t of t h e a t t a c k o n t h e 
unde r ly ing m e t a l affects t h e sp . gr. T h u s , a wire of 0-05 m m . d i a m e t e r a n d sp . gr . 
18-50, h a d a s p . gr. of 18-51 af ter i t h a d lost 0-1 per cen t , b y e t ch ing w i t h a soln . 
of sod ium d iox ide ; 18-92 af ter a loss of 3-87 p e r cen t . ; a n d 18-91 af ter a loss of 
14-50 pe r cen t . W i t h coarser wires, t h e c h a n g e in t h e sp . gr . is smal ler . Th i s 
m e a n s t h a t t h e wires h a v e a n o u t e r l aye r of smal le r sp . gr. t h a n t h e m a s s of t h e 
wire, a n d r ep re sen t i ng a la rger p r o p o r t i o n of t h e whole wire, t h e m o r e i t s d i a m e t e r 
is r educed . T h e s p . gr. of a t u n g s t e n i n g o t increases r a p i d l y as i t s d i a m e t e r is 
r educed b y rol l ing, e t c . , so t h a t af ter a 75 p e r cent , r e d u c t i o n in sec t ional a rea , t h e 
sp . gr . is 19-23—the v a l u e d e d u c e d f rom t h e X - r a y spec t r a l d a t a is 19-32. This 
in i t ia l increase is d u e t o t h e closing of t h e pores in t h e m e t a l ; a s u b s e q u e n t decrease 
in t h e sp . gr. is connec t ed w i t h t h e b r e a k u p of t h e c rys t a l g ra ins . T h e resu l t s w i t h 
99-998 pe r cen t , t u n g s t e n , A, a n d t u n g s t e n w i th 0-75 pe r cen t , t h o r i a , B, w i t h wires 
of d i a m e t e r d m m . , a re as follows : 

d . 5 6 5 0 3-0 1-0 0-3 0-05 0 0 3 
A . . 17-O 18-45 19-2O 19-23 19-22 19-20 18-95 
B . . 17-25 18-70 19-09 1 9 1 0 1 9 0 0 18-97 18-82 

M. Li. H u g g i n s e s t i m a t e d t h e a t o m i c radius of t u n g s t e n t o be 1-58 A. ; L . V e g a r d 
g a v e 1-04 A. Obse rva t i ons were m a d e b y V. M. Go ldschmid t , L . P a u l i n g , a n d 
E . T . W h e r r y f rom wh ich i t follows t h a t t h e v a l u e for sex iva len t t u n g s t e n is 0-88 A., 
for q u a d r i v a l e n t t u n g s t e n 0-66 t o 0-68 A. ; a n d for t yp i ca l t u n g s t e n a t o m s , 1-37 A . 
H . G. G r i m m , J . C. S la te r , a n d A. M. B e r k e n h e i m s tud i ed t h e a t . r a d i u s ; a n d 
P . Vinassa , t h e mol . n u m b e r . H . Schroder , a n d E . D o n a t h a n d J . Mayrhofe r d is ­
cussed t h e a t o m i c v o l u m e ; a n d I . T r a u b e , t h e a t . soln. vo l . L . v o n Us la r sa id t h a t 
t h e hardness of t u n g s t e n is g r e a t e r t h a n t h a t of a g a t e ; a n d H . Moissan a d d e d t h a t 
w h e n free from c a r b o n i t does n o t m a r k glass ; a n d i t m a y be filed w i t h ease . 
C. G. E i n k gave 4-5 t o 8-O for t h e h a r d n e s s o n Moh ' s scale ; J . R . R y d b e r g , 9-0 ; a n d 
L . Wiss , 6-5 t o 7-5. A. G. W o r t h i n g a n d W . E . F o r s y t h e g a v e for t h e h a r d n e s s 
respec t ive ly on Rockwel l ' s a n d t h e sclerescopic scales : One- inch ingot , 20, a n d 45 ; 
t h e s a m e ingo t w h e n swaged t o 0-75 in . g a v e for t h e surface : 39, a n d 55-5, a n d for 
t h e c e n t r e : 23 , a n d 35 ; a n d swaged t u n g s t e n g a v e 45 , a n d 83—for compress ion , t h e 
v a l u e s for tool -s tee l a r e respec t ive ly 61 a n d 9 5 , showing t h a t t u n g s t e n is on ly s l igh t ly 
less h a r d t h a n tool-s teel . E . W . E n g e l g a v e 290 for Br ine l l ' s h a r d n e s s ; a n d sa id 
t h a t t h e m e t a l can b e filed a n d g r o u n d , b u t n o t easi ly m a c h i n e d . Accord ing 
t o F . Koref , fine t u n g s t e n wires cons is t ing of a single c r y s t a l m a y b e sof tened b y 
t e m p e r i n g for a s h o r t t i m e a b o v e 2100° w i t h o u t r ec rys ta l l i za t ion t a k i n g p lace , 
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p r o v i d e d t h a t t h e a m o u n t of d e f o r m a t i o n w h i c h t h e m e t a l h a s u n d e r g o n e does n o t 
exceed a ce r ta in cr i t ical l i m i t d e p e n d i n g o n t h e n a t u r e of t h e d r a w i n g a n d t h e 
t h i c k n e s s of t h e wire . T h i c k wires r ead i ly recrys ta l l ize af ter on ly s l igh t r e d u c t i o n 
in a r ea , whe rea s t h i n wires m a y b e r e d u c e d 80 pe r cen t , before r ec rys ta l l i za t ion 
se t s in o n t e m p e r i n g . All me ta l l i c single c rys ta l s a p p e a r t o b e s t r a i n e d i n t e r n a l l y 
d u r i n g g r o w t h , a n d unless t h i s s t r a i n is r e m o v e d b y su i t ab le t e m p e r i n g t h e m e t a l 
works b a d l y a n d r ead i ly recrys ta l l izes o n s u b s e q u e n t annea l ing . T h e d e n s i t y of t h e 
wires increases d u r i n g t e m p e r i n g a n d t h e electr ical res i s tance also c h a n g e s . 
E . R u h s t r a t found t h a t if t u n g s t e n b e h e a t e d i n t h e electr ic a r c , a n d a b r u p t l y 
q u e n c h e d , i t b e c o m e s so b r i t t l e t h a t i t c a n b e g r o u n d t o a fine p o w d e r . 

H . Moissan obse rved t h a t t u n g s t e n c a n be w e l d e d l ike i ron b y h a m m e r i n g a t 
a t e m p , be low i t s m .p .—v ide supra, duc t i l e t u n g s t e n . Z. Jeffries found a p r o ­
gress ive increase in t h e tens i le s trength of a n i n g o t of t u n g s t e n as i t is swaged a n d 
d r a w n i n t o wi re . T a k i n g t h e d i a m e t e r in mi ls (a mi l is 0*001 inch) a n d t h e tens i le 
s t r e n g t h in lbs . p e r sq . in . , h e f o u n d for a n i n g o t 200 mils X 250 mils , 18,0OO ; 
for s w a g e d rod , 216 mi l s d i am. , 50 ,600 ; 125 mi ls , 107,000 ; 80 mils , 176,600 ; a n d 
26 mils , 215,000 ; a n d for d r a w n wire , 18 mils , 264,000 ; 7-23 mi ls , 340,00O ; 578 mi ls , 
366 ,000 ; 5-50 mils , 378,000 ; 3-96 mi ls , 483,000 ; a n d 1-4 mi l s , 590,000. T h e 
tens i le s t r e n g t h of t h e d r a w n wire b e t w e e n 3 a n d 20 mi l s is a n e x p o n e n t i a l func t ion 
of t h e d i a m e t e r , a n d inc reases m o r e s lowly w i t h t h e finer sizes. E . S. G o u c h e r 
f o u n d also t h a t w i t h a s ingle c r y s t a l l o a d e d in t ens ion , t h e t i m e r e q u i r e d for f r ac tu re 
t o t a k e p lace is a n e x p o n e n t i a l func t ion of t h e l o a d a n d t e m p . C. J . Smi the l l s 
a d d e d t h a t t h e h a r d n e s s c a n b e r e d u c e d b y a n n e a l i n g , b u t i t c a n n o t b e r e m o v e d 
w i t h o u t exceed ing t h e t e m p , of r ec rys t a l l i za t ion . Coupled w i t h g r e a t s t r e n g t h , 
d r a w n t u n g s t e n wire is m a r k e d l y duc t i l e a t o r d i n a r y t e m p . C. GL F i n k g a v e for 
t h e tens i le s t r e n g t h of t u n g s t e n wires 5-0, 2-8, 1-5 a n d 1-2 mi ls in d i a m . , t h e r e spec t ive 
v a l u e s 460,000, 480,000, 550,000, a n d 580,000 lbs . p e r sq . in . J . K o n i g s b e r g e r 
g a v e 270 t o 285 k g r m s . p e r sq . m m . for t h e tens i le s t r e n g t h of t u n g s t e n 'wires ; 
a n d 100 t o 120 k g r m s . p e r sq . m m . for s ingle c r y s t a l "wires. H . Ta j ime f o u n d t h e 
tens i le s t r e n g t h of t u n g s t e n wire c o n t a i n i n g one p e r cen t , of t h o r i u m , a n d h a v i n g a 
d i a m e t e r of 0*076. m m . , is , in v a c u o : 

27° 523° 1323° 1723° 2123° 2523° 2883° 
T e n s i t y . 310 200 70 2O 9 4-5 1-5 k g r m s . p e r sq . c m . 

F . v o n Goler a n d G. S a c h s g a v e t h e r e su l t s in F i g . 5 for t h e tens i le s t r e n g t h in 
k g r m s . p e r sq . m m . of 0-1 m m . wires wh ich h a v e been h e a t e d t o different t e m p . 

F i o . 5.—The Tensile St rength of Tungsten F1IO. 6.—The Elongat ion of Single Crystals 
Wires heated to different tempera tures . of Tungsten under Constant Load. 

S. J . W r i g h t gave 3*886 X IQ 1 2 d y n e s per sq. c m . for Y o u n g ' s m o d u l u s . C H . J o n e s 
g a v e va lues for wires r a n g i n g u p t o 427 k g r m s . p e r sq . m m . 

F . S. Gouche r s h o w e d t h a t -with single c r y s t a l wi res e x t e n d e d u n d e r a c o n s t a n t 
load , t h e r e is first a r a p i d ex t ens ion wh ich h a r d e n s t h e m e t a l , a n d thereaf ter , t h e 
e x t e n s i o n c o n t i n u e s a t a u n i f o r m r a t e u n t i l t h e wi re b r e a k s . T h e r e is n o change 
in t h e o r i en t a t i on of t h e c r y s t a l w h e n i t is i n t h e m o s t f avourab le posi t ion for slip 
a n d t h e sect ional a r e a is decreas ing , hence i t follows t h a t t h e res is tance t o slip is 
p r o p o r t i o n a l t o t h e app l i ed s t r e s s—Curves I t o I I I , F i g . 6. W i t h a mu l t i c ry s t a l wire , 
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t h e o b s e r v e d effect is t h e j o i n t effect of all t h e c rys t a l s i n w h i c h slip occurs , so t h a t 
t h e e x t e n s i o n — t i m e c u r v e h a s t h e s a m e f o r m — C u r v e I V , F i g . 6. W i t h a n a g g r e g a t e 
of fine c rys t a l s t h e s a m e r e l a t i o n m a y n o t b e t r u e b e c a u s e t h e r a t e of h a r d e n i n g m a y 
b e modif ied b y t h e c r y s t a l b o u n d a r i e s . W h e n t h e d i a m e t e r of s ingle c r y s t a l wi res 
is r e d u c e d b y d r a w i n g t h r o u g h dies , t h e y r a p i d l y lose t h e i r c h a r a c t e r i s t i c d u c t i l i t y , 
b e c o m i n g h a r d a n d e v e n t u a l l y b r i t t l e ; a t t h e s a m e t i m e t h e r e is a n inc rease i n 
t h e tens i le s t r e n g t h w h i c h is a t first r a p i d . T h u s , F . Kore f f o u n d for t h e one -c rys t a l 
'wire p r e p a r e d b y J*. P i n t s c h ' s p rocess : 

D i a m e t e r 
T e n s i t y . 

0-160 
105-5 

0-149 
135 

0-142 
137 

0-125 
149 

0-07O m m . 
178 kgrms . per SCJ. m m . 

T h e h a r d n e s s m a y b e r e m o v e d b y h e a t i n g t h e wi re t o a h i g h e n o u g h t e m p . , so 
t h a t t h e one p e r c e n t , e longa t ion of t h e h a r d e n e d wire inc reases 8 p e r cen t , o n 
a n n e a l i n g . T h u s , for a single c r y s t a l wi re 0-07 m m . d i a m . , t h e t ens i le s t r e n g t h 
was 119 k g r m s . p e r sq. m m . ; w h e n d r a w n t o 0-052 m m . , 133 ; w h e n a n n e a l e d 
10 m i n . a t 1500°, 130 ; 10 m i n . a t 1800°, 130 ; 0-5 m i n . a t 2100°, 130 ; a n d 10 m i n . 
a t 2100° , 119. Accord ing t o F . Koref, r ec rys t a l l i z a t i on occurs on h e a t i n g if t h e 
r e d u c t i o n in a r e a exceeds 60 t o 80 p e r c e n t . ; t h e t e m p , a t w h i c h t h i s occurs is 
lower t h e g r e a t e r t h e a m o u n t of de fo rma t ion , a n d i t m a y occur a t a t e m p , be low 
t h a t r e q u i r e d for t h e r e m o v a l of t h e h a r d n e s s . Single c r y s t a l wires c a n the re fo re 
b e r e d u c e d in a r e a b y a l t e r n a t e l y d r a w i n g a n d a n n e a l i n g t o r e m o v e h a r d n e s s p r o ­
v i d e d t h e r educ t i on in a r e a a t e ach s t a g e does n o t exceed a c r i t ica l v a l u e . F . Kore f 
d i scussed t h e effect of c r y s t a l s t r u c t u r e o n t h e m e c h a n i c a l p r o p e r t i e s of t u n g s t e n ; 
E . C. B a i n a n d Z. Jeffries, t h e effect of m e c h a n i c a l w o r k on t h e c rys ta l l ine s t r u c t u r e ; 
a n d H . B . d e Vore a n d W . P . D a v e y , t h e p re fe r red o r i e n t a t i o n c a u s e d b y m e c h a n i c a l 
w o r k . F . S. G o u c h e r m e a s u r e d t h e r a t e of flow of t u n g s t e n single c r y s t a l s u n d e r 
c o n s t a n t l o a d a t 1000° K . a n d 2000° K . T h e r e su l t s s h o w a n i n t e r n a l h a r d e n i n g 
wh ich increases r a p i d l y in t h e ea r l y s t ages of d e f o r m a t i o n a n d w h i c h t e n d s t o 
b e c o m e p r o p o r t i o n a l t o t h e inc rease of s t ress i n t h e l a t e r s t ages ; t h i s s t a g e occupies 
t h e m a j o r p o r t i o n of t h e t i m e r e q u i r e d for t h e f r ac tu r e of s u c h c r y s t a l s . T h e h a r d e n ­
ing is g r e a t e r a t t h e lower t e m p e r a t u r e , a n d t h e r e is evidence^ t h a t t h e r a t e of 
de fo rma t ion is a n i m p o r t a n t f ac to r in t h e h a r d e n i n g process . Th i s h a r d e n i n g m a y 
b e r e m o v e d b y a n n e a l i n g a t 2500° K . for 2 m i n . A n X - r a y s t u d y of t h e s e c r y s t a l s 
a t al l s t ages of t h e i r d e f o r m a t i o n revea l s d i s t o r t i o n s — c r y s t a l l o g r a p h i c in n a t u r e — 
which increase p rogress ive ly -with t h e degree of d e f o r m a t i o n . A n n e a l i n g t h e s e 
c ry s t a l s p r o d u c e s n o a p p a r e n t a l t e r a t i o n of t h i s d i s t o r t i o n . 

Z. Jeffries a n d H . S. A r c h e r f o u n d t h e effect of t e m p , o n t h e tens i le s t r e n g t h of 
t w o k i n d s of t u n g s t e n wi re ( N o . 1—cold d r a w n ; N o . 2 — a n n e a l e d — F i g . 7), a n d 
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t i o n i n Area.. 
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F i o . 9 . — T h e Effect of T e m ­
perature o n t h e E l o n g a ­
t ion . 

o b s e r v e d t h a t t h e t ens i le s t r e n g t h inc reases o n a fall ing t e m p , b u t is lower a t 
—185° t h a n a t r o o m t e m p . Th i s effect h a s b e e n obse rved o n l y w i t h t u n g s t e n . 
T h e efEect of t e m p , o n t h e r e d u c t i o n in a r e a , F i g . 8, inc reases w i t h r i s ing t e m p . 
T h e r e d u c t i o n i n a r e a is g r e a t e r w i t h t h e co ld d r a w n t h a n w i t h t h e a n n e a l e d wi re . 
T h e effect of t e m p , o n t h e e l o n g a t i o n inc reases on a fal l ing t e m p . , F i g . 9, un t i l* 
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t h e r eg ion of low t e m p , b r i t t l e n e s s is a t t a i n e d . T h e m a x i m u m e longa t ion occurs 
a t lower t e m p , t h e g r e a t e r t h e a m o u n t of co ld work ing , b u t t h e a c t u a l e longa t ion 
a t t h i s m a x i m u m decreases a s t h e a m o u n t of w o r k i n g increases . C o m p a r i n g t h e 
e longa t ion a n d tens i le s t r e n g t h cu rves , i t follows 
t h a t t h e d e v e l o p m e n t of b r i t t l e n e s s is a c c o m ­
p a n i e d b y a s h a r p r ise i n t h e tens i le s t r e n g t h . 
!F. S. G o u c h e r a lso f o u n d t h a t t h e tens i le 
s t r e n g t h of d r a w n wire is g r e a t e s t a t a b o u t 0° 
b u t falls off r a p i d l y a t a b o u t 727° , p r o b a b l y 
owing t o r ec rys t a l l i z a t i on . L o n g c r y s t a l s p r o ­
d u c e d b y a n n e a l i n g a t a b o u t 2727° h a v e a 
lower t ens i le s t r e n g t h a t 0° ; a n d a s ingle 
c r y s t a l wi re , c o n t a i n i n g 2 p e r cen t , of t h o r i a , 
h a s a tens i le s t r e n g t h a b o u t 3 t i m e s t h a t of 
t u n g s t e n a lone . T h e l o a d in k g r m s . p e r sq . 
m m . r e q u i r e d t o f r ac tu re a s ingle c r y s t a l wire 
in o n e m i n u t e a t different t e m p , is i l l u s t r a t e d 
b y F i g . 10. M o s t of t h e f r ac tu re s be low 527° 
a r e i n t e r c ry s t a l l i ne , s h o w i n g t h a t t h e c r y s t a l is s t r o n g e r t h a n t h e c rys t a l 
b o u n d a r i e s . T h e r e a r e s h a r p c h a n g e s in t h e c u r v e s n e a r 577°, 1327°, a n d 
2377° ; t h e s e a r e sa id t o b e c o n s i s t e n t w i t h t h e e lec t r ica l r e s i s t ance c u r v e of 
I . L a n g m u i r ; a n d w i t h t h e t h e r m a l e x p a n s i o n c u r v e of A . G. W o r t h i n g . T h e 
m e a n i n g of t h e d i scon t inu i t i e s is u n k n o w n . W . E . W . Mi l l ing ton a n d F . C. T h o m p ­
son a lso s t u d i e d t h e p l a s t i c d e f o r m a t i o n of wires of s ingle c r y s t a l s of t u n g s t e n . 
P . H i d n e r t a n d W . T . S w e e n e y a d d e d t h a t t h e " t r a n s f o r m a t i o n p o i n t s a p p e a r t o 
b e e r roneous , a n d i ncons i s t en t w i t h t h e w o r k of o t h e r i n v e s t i g a t o r s . " 

E . Gr i ine isen said t h a t t u n g s t e n h a s t h e h i g h e s t k n o w n e last ic l imi t w i t h 
t h e poss ib le e x c e p t i o n of i r i d ium. S. J . W r i g h t g a v e for Y o u n g ' s m o d u l u s E 
= 3 - 8 8 6 X l O 1 2 d y n e s p e r sq . cm. , t a k e n long i tud ina l ly . W . Geiss found t h e 
m o d u l u s of e las t i c i ty E c a n b e r e p r e s e n t e d as a func t ion of t h e t e m p . , T ° K . for single 
c r y s t a l wires b y E=E0I(Tn, — T ) T m

_ 1 I 0 * 2 6 3 , w h e r e Tm d e n o t e s t h e m . p . on t h e 
a b s o l u t e scale, a n d E0 t h e m o d u l u s a t 27°, o r 40,000 k g r m s . pe r sq. m m . H . Schon-
b o r n found t h e e las t i c i ty of d r a w n wi re is i n acco rd w i t h H o o k e ' s law, a n d var ies 
f rom 34,800 t o 37,300 k g r m s . p e r sq . m m . a t r o o m t e m p . , a n d falls t o 3200 k g r m s . pe r 
sq . m m . a t 1027°. H . L . D o d g e s t u d i e d t h e effect of t e m p , on t h e e las t i c i ty of 
t u n g s t e n . H e g a v e 35-5 -f-1011 d y n e s p e r sq . c m . a t 20°, a v a l u e r a t h e r lower t h a n 
C. G. F i n k ' s 4 1 - 4 X l O 1 1 d y n e s pe r sq. c m . T h e m o d u l u s w a s found t o decrease 
un i fo rmly w i t h a r ise of t e m p , u p t o 1000°, a t w h i c h t e m p , i t is 32-3 X 1 0 1 1 d y n e s p e r 
sq . c m . A. JL. K i m b a l l a n d D . E . Love l l gave 38-7 X IO 1 1 d y n e s p e r sq. c m . for t h e 
e las t ic m o d u l u s of s w a g e d t u n g s t e n ; a n d W . W i d d e r , E=E20{1 x 0-0003472(0 —20)}. 
T h e tors ion m o d u l u s of t u n g s t e n w a s found b y W . Schr i eve r t o b e g r e a t e r t h a n t h a t 
of a n y o t h e r k n o w n m a t e r i a l , t h e v a l u e a t 2527° be ing e q u a l t o t h a t for s teel a t 
r o o m t e m p . W . Geiss g a v e for t h e to r s ion m o d u l u s G9 a s a func t ion of t h e t e m p . , 
T° K . , G=GQ{(Tm — T)Tm-i}°2ez, w h e r e T7n d e n o t e s t h e m . p . on t h e abso lu t e scale, 
a n d GQ9 t h e m o d u l u s a t 0° , o r 17,100 k g r m s . p e r sq. m m . a t 27° . L . P . Sieg found 
l a rge v a r i a t i o n s w i t h different s a m p l e s of t u n g s t e n . A c c o r d i n g t o "W. Schr iever , 
t h e t o r s ion v a r i e s f rom 9000 t o 22,000 k g r m s . p e r sq . m m . a t r o o m t e m p , a n d 
dec rease s l igh t ly w i t h t e m p , u p t o 727° ; b e t w e e n 727° a n d 1727° t h e m o d u l u s falls 
m o r e r a p i d l y , b e i n g 3060 k g r m s . p e r sq . m m . a t 1727°. T h e v a l u e for equ iax ia l 
t u n g s t e n is g r e a t e r t h a n for d r a w n wire , a n d inc reases w i t h gra in-s ize . I3oth t h e 
t o r s i o n m o d u l u s a n d t h e t ens i l e s t r e n g t h inc rease a s t h e d i a m e t e r of t h e wire 
decreases . J . K o n i g s b e r g e r g a v e 8-1 X 1 0 1 1 t o 9-1 X l O 1 1 C.G.S. u n i t s for t h e tors ion 
m o d u l u s of t u n g s t e n wires , a n d 1 5 - 5 X l O 1 1 t o 1 8 X l O 1 1 C.G.S. un i t s for single 
c r y s t a l wires . E . E d w a r d s a n d co-workers e x a m i n e d t h e increase in t h e to rs iona l 
stiffness p r o d u c e d by inc reas ing t h e t ens ion of t u n g s t e n wires . S. J . W r i g h t gave 
1-514 X 1 0 1 2 d y n e s p e r sq . c m , for t h e m o d u l u s of rigidity of t u n g s t e n . 

V O L . x i . 2 z 
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T. W . R i c h a r d s a n d E . P . B a r t l e t t found t h e compressibi l i ty of t u n g s t e n t o 
be 2*85 X 1 0 - 7 a t 20°, a n d i t a p p e a r s t o be smal ler t h a n t h a t of a n y k n o w n m e t a l . 
P . W . B r i d g m a n found t h e vo l . compress ib i l i ty of single c r y s t a l wires t o b e : 
— 8v/v=2 18 x 10-7p—14t x 10-12^2 a t 30 0

 ; a n d —Si;/u-=3-18 X 10-7p—1-5 X 10~i2^2 
a t 7 5 ° ; for swaged r o d , — 6 ^ / ^ = 2 - 9 3 x 1 0 — 7 ^ — 1 - 5 x 1 0 - 1 2 ^ 2 a t 3 0 ° ; a n d —8v/v 
= 2 - 9 5 X 1 0 - ^ p — 1 - 5 x 1 0 - 1 2 ^ 2 a t 7 5 ° ; a n d for d r a w n wire , — 8v/v=3-15 XlQr^p 
— 1 - 6 X l O - ^ a t 30° ; a n d — 8v/v=3-16 X 10r-*p — l-5 X 10- i2p2 a t 75°. T h e c o m ­
press ibi l i ty /?, a t 30° for d r a w n wire a n d swaged r o d a r e , respec t ive ly , /}=0*0 6 315 
a n d 0-06293 ; SyS^SSp=O-O4102 a n d 0 0 4 1 0 2 ; — S a / a o > = 0 0 5 2 a n d 0-054 ; a n d 
—P~1(8<x/ci8p) = 1-24: a n d 13-7, w h e r e a deno tes t h e coefL of t h e r m a l expans ion . 
L . H . A d a m s gave 8fi=— 0-03. T . W . R i c h a r d s gave for t h e in ternal pressure, 
13,400 m e g a b a r a t 20° ; R . P . Mehl gave 1020 k i lomegabars , a n d for t h e m a x i m u m 
d i s rup t ive press . , 3570 k g r m s . pe r sq. m m . K . Iok ibe a n d S. Saka i gave for t h e 
Viscosity of t u n g s t e n , a t 16°, 77=9-37 X l O 8 ; a n d G. S u b r a h m a n i a m , 8 - 6 3 8 x 1 0 » . 
A. Li. K i m b a l l a n d D . E . Lovel l also m a d e obse rva t ions on t h e in t e rna l fr ict ion of 
t u n g s t e n . P . W . B r i d g m a n s tud ied t h e effect of p ressure on t h e r ig id i ty . F o r 
t h e diffusion of ca rbon , a n d of t h o r i u m in t u n g s t e n , vide infra; G. Grube a n d 
K. Schneider , a n d J . Laissus s tud ied t h e diffusion of t u n g s t e n i n t o i ron ; a n d 
J . M. Egl in , of b a r i u m i n t o t u n g s t e n . 

C. G. F i n k s found t h e coeff. of thermal expans ion of a t u n g s t e n wire, 0-005 in. 
d iam. , t o be a=-0-0 5 336 be tween 20° a n d 100° ; a n d he gave <x=0-0543 for t u n g s t e n . 
I . L a n g m u i r gave 0-0538 b e t w e e n 1000° a n d 1500° ; 0 0 6 4 4 b e t w e e n 1500° a n d 2000° ; 
a n d 0-0541 be tween 1000° a n d 2000°. H . L . D o d g e o b t a i n e d 0-05456 over t h e r ange 
20° t o 675°. If Z be t h e l eng th of t h e f i lament at^300° K. , t h e n , for a t e m p . , T° K . , 
be tween 1200° K . a n d 2500° K. , SZ/Z=0-00245(T—300) x 1 0 " 3 + 0 - 0 0 0 5 6 7 ( T - 3 0 0 ) 2 
X 1 0 6. A. G. W o r t h i n g o b t a i n e d 0-05444 a t 27° ; 0*0556 b e t w e e n 1000° a n d 
1500° ; 0-0666 b e t w e e n 1500° a n d 2000° ; 0 0 6 6 1 b e t w e e n 1000° a n d 2000° ; or 
0-06519 a t 1027° ; a n d 0-05726 a t 2027°. If Z0 is t h e l eng th a t 300° K. , a n d Z t h e 
leng th a t a t e m p . T° K . be tween 1200° K . a n d 2700° K. , SZ/Z0=0-05449(T —300) 
-H>0 1 2 24(T—300)3 ; a n d for t e m p . T° K . be tween 300° K . a n d 2700° K. , 81/I0 
= 0 - 0 5 4 4 4 ( T — 3 0 0 ) + 0 0 1 0 4 5 ( T — 3 0 0 ) 2 + 0 - 0 1 2 2 2 ( T — 3 0 0 ) 3 ; o r 

T° K . . . 330° 1200° 1500°, 1800° 2100° 2400° 
a • • • 0 0 B 4 4 4 O 0 6 5 0 6 0 0 5 5 5 0 0 0 6 6 0 6 0 0 6 6 7 4 0 0 6 7 5 4 

T h e resu l t s of A. G. W o r t h i n g can b e r ep resen ted b y Z=Z2 7(I +O-O54440 
+0-O 1 04502+0 .0^22003) , a n d D . W . Ber l in ' s resu l t s were in a g r e e m e n t w i t h t h i s . 
W . W i d d e r gave 0-00000456 a t 20°, a n d 0 0 0 0 0 0 3 8 a t —190°. K . Becker gave 
0 O 5 7 5 be tween 18° a n d 2200° ; 0-0666 be tween 18° a n d 1750° ; a n d 0-0fi58 b e t w e e n 
18° a n d 1380°. J . Disch gave : 

— 190° to 0° —100° to 0° 0° to 100° 0° to 200° 0° to 300° 0° to 400° 
a . . 0 0 6 3 8 0 0 6 4 1 0 0 6 4 5 0 0 5 4 6 0 0 5 4 7 0-0648 

or, if I0 refers t o t h e l eng th a t 0° a n d Z t h e l eng th a t 0°, Z=ZO(1+O-O64460-1-OO97302) 
be tween 0° a n d 400° ; a n d Z=Z0(I+O-O64450+O-O832802) b e t w e e n —190° a n d 200°. 
F . S. Goucher sa id t h a t t h e r e is ev idence of d iscont inui t ies in t h e t h e r m a l expans ion 
a t a b o u t 850° K. , 1600° K . , a n d 2650° K. , b u t P . H i d n e r t a n d W . T . Sweeney a n d 
o the r s h a v e n o t been able t o confirm t h i s s t a t e m e n t . P . H i d n e r t a n d W . T . Sweeney 
r ep resen ted t he i r resu l t s b e t w e e n —105° a n d 502° b y Z=ZO(O-O54280+O-O95802) ; 
a n d t h e y found t h e ave rage va lues t o increase regu la r ly w i t h t e m p . : 

—100° to — 50° — 50° to 0° 0° to 50° 50° to 100° 100° to 20O* 200° to 300° 300° to 400° 
a . . O0 6 42 0 0 6 4 3 0*0643 0 0 6 4 4 0 0 6 4 5 0 0 6 4 6 0 0 6 4 7 

400° to 500° — 100° to 0° 0° to 100° 0° t o 200° 0° to 300° 0° to 400° 0° to 500° 
a . • 0-0648 0-0B42 0 0 6 4 3 0 0 5 4 4 0 0 5 4 5 0 0 * 4 5 0 0 6 4 6 

a n d for t h e r a n g e —100° t o 500°, a = 0 O 6 4 5 . W . D . Coolidge g a v e 0-35 caL p e r 
c m . p e r degree for t h e thermal conduct iv i ty of t u n g s t e n ; S. Weber , 0-383 ca l . 



T U N G S T E N 707 

pe r c m . p e r degree or 1-605 w a t t s pe r c m . pe r degree a t 0° , a n d T . !Barra t t a n d 
R . M. W i n t e r , 0-476 cal . p e r c m . pe r degree a t 17°, a n d 0-472 cal . a t 100° . T h e 
r e l a t i o n of t h e t h e r m a l a n d e lec t r ica l conduc t iv i t i e s w a s s t u d i e d b y E . Gri ineisen 
a n d E . Goens . A. G. W o r t h i n g found t h a t t h e t h e r m a l c o n d u c t i v i t y i n w a t t s p e r 
crn. p e r degree increases l i nea r ly f rom 1000° K . t o a b o u t 2500° JL. : 

Conduct iv i ty 
1000° 
0-84 

1300° 
0-93 

1600° 
1 0 2 

1900° 
1-09 

2200 c 

1 1 5 
2500° 
1-21 

2800° 
1-27 

C. Z w i k k e r g a v e for t h e t h e r m a l c o n d u c t i v i t y , Jc w a t t s pe r c m . per degree 

k 
K . 1800° 

1-22 
2000° 
1-29 

2200° 
1-33 

2400° 
1-37 

2600° 
1-405 

2800° 
1-43 

H . V. R e g i i a u l t 4 f ound t h e specific h e a t of t u n g s t e n t o b e 0-03342 ; a n d L . Weis s , 
0-0358. J . D e w a r g a v e 0-0095 b e t w e e n —253° a n d —196° ; P . N o r d m e y e r a n d 
A. L . Bernou l l i , 0-0357 b e t w e e n —185° a n d 20° ; A . W . Grodspeed a n d K. F . S m i t h , 
0-0338 b e t w e e n 20° a n d 100° ; H . Mache , 0-0336 b e t w e e n 0° a n d 100° ; E . Defacqz 
a n d M. Gu icha rd , 0-0340 b e t w e e n 15° a n d 93° ; a n d 0 0 3 7 5 b e t w e e n 15° a n d 423° ; 
M. v o n P i r a n i , 0-033 a t 340° ; 0-036 a t 1000° ; a n d 0-041 a t 1350° ; W . Geiss a n d 
J . A. M. v a n L i e m p t g a v e 0-0323 ; O. M. Corb ino , 
0-0334 ; wh i l s t K . K . S m i t h a n d L . I . B o c k s t a h l e r 
g a v e 0-045 b e t w e e n 2375° K . a n d 2475° K . — t h i s 
is eq . t o a n a t . h t . of 8-3. K . K . S m i t h a n d 
P . W . Bigler found 0-0479 for t h e s p . h t . a t 2095° 
t o 2212°. T h e l a s t - n a m e d r e su l t s we re d i scussed 
b y P . F . G a e h r . H . A. J o n e s a n d co -worke r s g a v e 
C ^ = 4 - 7 0 + 0 - 0 0 1 5 T . W . Geiss a n d J . A . M v a n 
L i e m p t o b s e r v e d n o pe rcep t ib l e difference in t h e 
s p . h t . of c o l d - d r a w n a n d of c rys ta l l i zed m e t a l . 
T h e co r r e spond ing a t o m i c h e a t va r i e s f rom 1-75 
b e t w e e n —253° t o —196° t o 8-75 b e t w e e n 2095° 
a n d 2212°. F . W u s t a n d co -worke r s g a v e (7^=6-17 
a t 100°, a n d 6-72 a t 1500°. F . L a n g e f o u n d for 
t h e s p . h t . 0-47 a t —240° ; 1-00 a t —230° ; 1-65 
a t —220° ; 2-26 a t —210° : 2-78 a t —200° ; 3-25 a t —190° ; a n d 3-69 a t —180° ; 
a n d W . M. L a t i m e r o b t a i n e d 6-0 for t h e a t . h t . , C^9 b e t w e e n 250° a n d 900° . , 
F . M. J a g e r a n d E . E o s e n b o h m g a v e for t e m p . uj> t o 1300°, a n d for t u n g s t e n free 
f rom oxide , ^ = 0 - 0 2 7 4 4 + 0 - 1 3 2 6 7 2 X lO- 4 0—0-091488 X lO-802 + O -O67812 X I O " 1 1 ^ , 
or a b b r e v i a t e d , c ^ = 0 0 2 7 4 4 1 2 + 0 - 0 0 0 0 1 3 2 0 . H . D a n z g a v e : 
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-Effect 

t h e A t o m i c 

3000° 
of Tern-

H e a t s 

Cp 
Cv 

400° 
7 1 9 9 
7 0 9 2 

500° 
7-304 
7-180 

600° 
7-409 
7-264 

700° 
7-515 
7-347 

800° 
7-620 
7-429 

900° 
7-724 
7-506 

C Z w i k k e r g a v e t h e fol lowing resu l t s , F i g . 1 1 , for t h e a t . h t . of t u n g s t e n a t different 
t e m p , o n t h e a b s o l u t e scale : 

0 K . 
Cp 
Cv 
0 K . 
Cp 
Cv 

100° 
3-77 
3-77 
1500° 

. 7-23 
6-96 

200° 
5-32 
5-30 
1800° 
7-56 
7 1 8 

300° 
5-90 
5-87 
2100° 
7-89 
7-36 

600° 
6-23 
6 1 5 
2400° 
8-22 
7-50 

900° 
6-57 
6-44 
2700° 
8-56 
7-62 

1200° 
6-9O 
6-71 
3000 
8-89 
7-7O 

IT. M. J a g e r a n d E . R o s e n b o h m m a d e a n a l o g o u s obse rva t i ons . A. Magnus a n d 
H . D a n z g a v e for t h e a t . h t . of 99 p e r c e n t , t u n g s t e n over t h e r a n g e 400° t o 900°, 
C j , :=6-7807+0-00104750 ; a n d A. M a g n u s a n d H . H o l z m a n n , C p =5-8947+O-O 3 83380 
b e t w e e n 100° a n d 9 0 0 ° ; a n d H . A. J o n e s a n d I . L a n g m u i r g a v e 0 ^ = 4 - 7 + 0 - 0 0 1 5 T 
for t h e a t . h t . b e t w e e n 900° a n d t h e m . p . ; Cp is he re expressed in cals. pe r g r a m -

peratu.ro


708 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

a t o m pe r degree. Since t h e vol . of a wire 1 era. long a n d 1 cm. d i a m t e r is J7T c . c , 
t h e convers ion fac tor f rom cals . pe r g r a m - a t o m t o w a t t seconds p e r degree is 
7 rXl9 -35x4-185 /4 :X l84 -=<>3456 . H e discussed t h e app l i ca t ion of P . D e b y e ' s 
fo rmula . A. G. W o r t h i n g o b t a i n e d for t h e a t . h t . . 6-20 a t 330° K . ; 6-50 a t 1200° K . ; 
6-95 a t 1500° K . ; 7-40 a t 1800° K . ; 7*85 a t 2100° K . ; a n d 8-3O a t 2400° K . ; 
a n d for t h e a t . h t . a t c o n s t a n t vol . he gave 5-95 a t o r d i n a r y t e m p . , 6-25 a t 1200° K. , 
a n d 7-35 a t 2400° K . A. G. W o r t h i n g also found t h a t E . Grune i sen ' s r e l a t i on 
a/<7„ rises f rom 7-16 X l O ^ 7 a t 330° K . t o 9-08 X 10~7 a t 2400° K . E . D . E a s t m a n 
a n d co-workers c o m p u t e d Cp—<7v=O050 CaL pe r degree p e r mol . A . M a g n u s a n d 
H . H o l z m a n n , O. M. Corbino, L . I . Bocks tah le r , a n d H . H u n k e l also o b t a i n e d va lues 
in close a g r e e m e n t w i t h those of A. G. W o r t h i n g . J . M a y del discussed some re la t ions 
of t h e sp . h t . ; a n d W . M. L a t i m e r , t h e t h e r m a l ene rgy of t h e e lec t rons in t u n g s t e n . 

Accord ing t o C. W . S iemens a n d A. K . H u n t i n g t o n , 5 t u n g s t e n can b e fused in 
t h e electric a rc furnace ; H . Moissan also fused t h e m e t a l in t h e a rc furnace, a n d 
n o t e d t h a t i t is less fusible t h a n c h r o m i u m a n d m o l y b d e n u m . L . Weiss fused t h e 
m e t a l b y h e a t i n g i t in t h e electr ic a rc , b e t w e e n g r a p h i t e e lec t rodes ; a n d t h e 
Allgemeine E lec t r i z i t a t s Gesellschaft o b t a i n e d fused t u n g s t e n from rods m a d e 
of t he compressed p o w d e r as anodes for t h e electr ic a rc . The re a re difficulties 
in de t e rmin ing t h e m . p . of t h e h igh ly purified m e t a l w i th a d i s appea r ing filament 
p y r o m e t e r : (i) T h e fixing of t h e t h e r m o m e t e r scale ; a n d (ii) w h e n t h e p y r o m e t e r 
is focussed o n t h e surface of t h e m o l t e n m e t a l t h e obse rved " b r igh tnes s '* t e m p , 
h a s t o b e cor rec ted for t h e spec t ra l emmiss iv i ty . If a b lock of fused t u n g s t e n b e 
u n d e r b l ack b o d y condi t ions , i.e. con t a ined in a n enclosed vessel whose wal ls a re 
un i formly h e a t e d t o a t e m p . T, i t s t e m p , will b e T ; if t h e b lock of t u n g s t e n cou ld 
be r e m o v e d w i t h o u t a l t e r ing i t s t e m p . , a n d i t s b r igh tnes s m a t c h e d w i t h t h e dis­
a p p e a r i n g f i lament p y r o m e t e r , i t s t e m p , wou ld a p p e a r t o b e a t some lower t e m p . 
say , Tb, cal led t h e brightness temperature. If i n s t e a d of m a t c h i n g t h e b r igh tness 
of t h e t u n g s t e n , i t s colour b e m a t c h e d aga ins t t h a t of t h e b l a c k b o d y , i t will a p p e a r 
t o h a v e a n o t h e r t e m p . , say , Tc, called t h e colour temperature w i t h t u n g s t e n , t h e 
colour t e m p , is a lways h igher t h a n t h e t r u e t e m p , b y a b o u t 0-6 per cent , a t 1000° K. , 
a n d 2-3 per cent , a t 3500° K . T h e b r igh tnes s t e m p , is r e l a t ed t o t h e t r u e t e m p , b y 
t h e e q u a t i o n T~~x — Te,"~1=Cf

2~1A2-303 log e e*, whe re eA is t h e spec t ra l emiss iv i ty 
for a wave- l eng th A, a n d C 2 is a c o n s t a n t . If t h e t e m p , of t h e b lock of t u n g s t e n 
be m e a s u r e d b y c o m p a r i n g t h e r a t e of r a d i a t i o n of ene rgy w i t h t h a t of t h e b l a c k 
body , i t s t e m p . , s ay Tr> is called t h e radiation temperature, will b e lower t h a n t h e 

" t r u e t e m p . This sub jec t was discussed b y C Zwikker , R . Dav i s a n d K . S. Gibson , 
E . L a x a n d M. P i r a n i , F . Wolfers , H* A. J o n e s , F . H e n n i n g a n d W . H e u s e , 
M. L*. Phi l l ips , H . H u n k e l , a n d H . C. v o n Alphen . C. Zwikker gave T~^—T^~^ 
= A C 2 - i 2 - 3 0 3 log«, e\ w h e r e C,

2 = 14,330/x degree . A. G. W o r t h i n g a n d W . E . F o r -
s y t h e found for t h e co r respond ing t e m p . , u p t o t h e m . p . (3655° K.) : 

True t e m p . , T . 1000° 1500° 2000° 2500° 3000° 3500° 3655° K . 
Colour t e m p . , T , . 100(5° 1517° 2033° 2557° 3094° 3646° 3817° K . 
Brightness t e m p . , Tb 966° 1420° 1857° 2274° 2673° 3053° 3165° K . 
Radiat ion t e m p . , Tr 581° 991° 1428° 1859° 2286° 2704° — 0 K . 

H . v o n W a r t e n b e r g gave 2800° t o 2850° for t h e m e l t i n g point of t u n g s t e n ; 
M. v o n P i r an i , 3100°, a n d 3250° ; O. Ruff a n d O. Goecke, 2575° for 99-2 pe r cen t , 
t u n g s t e n , a n d O. RuIf gave 2650° for t h e p u r e m e t a l . C. W . W a i d n e r a n d 
G. K . Burgess sa id t h a t t h e m . p . is 3080° ; W . E . F o r s y t h e , 3027° ; W . R . M o t t , 
3402° ; M. v o n P i r a n i a n d A. R . Meyer gave 3100° ; I . L a n g m u i r , 3267° ; a n d 
G. P . L u c k e y , a n d A. G. W o r t h i n g , 3357°—and 3372° t o 3392°—M. v o n P i r a n i 
a n d H . A l t e r t h u m o b t a i n e d 3387° for t h e m . p . of t u n g s t e n m e l t i n g u n d e r b l a c k 
b o d y c o n d i t i o n s ; a n d F . H e n n i n g a n d W . H e u s e s imi lar ly o b t a i n e d 3370°. 
G. P . Xiuckey found t h a t t h e effect of t h e p re s su re of t h e a t m o s p h e r e of n i t rogen 
o n t h e m . p . is r e p r e s e n t e d b y 3350° a t 1 a t m . press . ; 3321° a t 8 a t m . ; 3309° a t 
14 a t m . ; 3289° a t 21 a t m . ; a n d 3291° a t 28 a t m . P . W o o g discussed t h e hol low -

723 
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i ng o u t of t u n g s t e n b a r s b y c e n t r a l fusion b y t h e passage of a h e a v y electr ic 
c u r r e n t ; a n d L*. P . Sieg, t h e r e l a t i o n b e t w e e n t h e m . p . a n d t h e coeff. of e las t ic i ty . 

C. W . S iemens a n d A. K . H u n t i n g t o n , a n d H . Moissan n o t e d t h e vo la t i l i za t ion 
of t u n g s t e n w h e n i t is m e l t e d i n t h e electr ic a r c furnace . E . T iede a n d E . B i rn -
b r a u e r found t h a t i n a v a c u u m furnace t u n g s t e n a t 2450° y ie lds a s u b l i m a t e of 
r h o m b i c or r h o m b o h e d r a l c r y s t a l s — a s i n d i c a t e d a b o v e , t h e c ry s t a l s a r e cub ic . 
W h e n t h e s u b l i m a t e condenses in a c rys ta l l ine form on h o t surfaces, a m i r r o r is 
fo rmed on a cold surface . M. A r n d t obse rved t h a t w h e n a n electr ic a r c w i t h a 
t u n g s t e n a n o d e is h e a t e d i n v a c u o , t h e vapo r i zed m e t a l condenses in films. 
M. R . M o t t gave 6300° for t h e bo i l ing point ; I . L a n g m u i r ca lcu la ted 4727° ; a n d 
C. G. F i n k , 3700°. Acco rd ing t o I . L a n g m u i r , t h e rate of evaporat ion of t u n g s t e n 
in v a c u o , m g r m s . p e r sq . c m . pe r second, a t T° K. , i& log m=15-402—47444T-1 

— 1-4 log T : 
2 1 0 K . 1600° 2000° 2400° 2800° 3200° 3655° 
?n . 3-7 x 1O- 2 ° 2 - 3 2 x 1 0 — 1 4 1-58 x 1 0 ~ 1 0 8-28 X JO"8 8 - 7 9 x 1 0 — 6 4 - 7 O x I O - * 
T h e sub jec t w a s d iscussed b y H . A. J o n e s a n d co-workers , a n d M. H . A n d r e w s . 
C. Z w i k k e r g a v e log M=11-92-4-84 X 1 O 4 T - 1 - 0 - 3 6 8 log T—0-00016T, w h e r e M 
d e n o t e s t h e n u m b e r of g r a m s e v a p o r a t e d pe r sq. c m . pe r second, a n d 

T° K . . 1500° 2000° 2500° 3000° 3400° 
M . 0 0 2 1 1 7 8 0 0 l a 1 5 5 0 0 9 8 3 3 0*06105 0 0 4 7 0 8 

Gr. R . F o n d a found t h a t t h e r a t e of e v a p o r a t i o n is i n d e p e n d e n t of t h e d i a m e t e r of 
t h e wire b e t w e e n 0-051 a n d 0-254 m m . ; b u t i t is affected b y t h e gra in-s ize . T h u s , 
for a f ine-grained wire a t 2900° K. , M h a s a m e a n v a l u e of 4rXlO~"7, b u t w i t h a 
coarse-gra ined wire , M = 2 - 6 x l O - 7 . T h e r a t e of e v a p o r a t i o n d e t e r m i n e s t h e l imi t 
of t e m p , a t w h i c h t h e filament l a m p c a n b e o p e r a t e d . I . L a n g m u i r showed t h a t 
t h e r a t e of e v a p o r a t i o n is r e d u c e d if t h e filament is s u r r o u n d e d b y a n a t m o s p h e r e 
of a n e u t r a l gas . G. H . F o n d a f o u n d t h a t w i t h a wi re 0-051 m m . in d i a m e t e r , 
t h e r a t e s of e v a p o r a t i o n in v a c u o a n d in n i t r o g e n were r e spec t ive ly i W = 4 2 0 a n d 21 ; 
a n d w i t h a 0*69 m m . wire in n i t r o g e n a n d in a r g o n M=13, a n d 9 respec t ive ly . 
W . H . R o d e b u s h obse rved t h e v a l u e of A. in t h e e q u a t i o n for t h e n u m b e r of e lec t rons , 
7i, e v a p o r a t i n g f rom a m e t a l f i l ament p e r sq. c m . p e r s e c , n=AT—%e—b/T

9 t o be 
1-48x1020 w h e n t h e ca l cu l a t ed r e su l t a t 2000° K . is 6 - 0 0 x 1 0 2 6 . T h e sub jec t w a s 
s t u d i e d b y S. W e b e r , F . J . Wi lk ins , F . Oos te rhu i s , a n d G. K. F o n d a . T h e las t -
n a m e d obse rved t h a t t h e r a t e of e v a p o r a t i o n of t u n g s t e n f i l aments a t 2870° Iv. in a 
m i x t u r e of a r g o n w i t h 14 p e r cen t , n i t r o g e n var ies f rom 2 X 1 0 ~ 9 t o 230 X 1 0 ~ 9 gr in . 
pe r sq . c m . p e r sec. as t h e p re s su re is r e d u c e d f rom 1650 t o 0 m m . A. G. W o r t h i n g 
a n d W . C. B a k e r obse rved t h a t t h e r a t e of e v a p o r a t i o n of t u n g s t e n is pos i t ive ly 
affected b y s t r o n g e l ec t ros t a t i c fields, t h e effect d i s a p p e a r s if t h e field s t r e n g t h is less 
t h a n a mi l l ion vo l t s p e r c m . H . A l t e r t h u m s t u d i e d t h e effect of sa l t v a p o u r s on t h e 
e v a p o r a t i o n of t u n g s t e n . T h e vo l a t i l i t y of t u n g s t e n is inc reased in a v a c u u m l a m p 
if t h e m e t a l h a s b e e n s p r a y e d w i t h v a r i o u s s a l t s — p a r t i c u l a r l y t h e ha logen sa l t s . 
R e a c t i o n occurs b e t w e e n t h e filament a n d t h e wa l l a s well a s o n t h e filament a n d 
a t t h e wal l . I . L a n g m u i r found t h a t t h e vapour pressure of t u n g s t e n , p m m . , 
c a n b e r e p r e s e n t e d b y log ^==15-502—47444T ,~~1—0*9 log 2\ for 

T 0 K . 2000° 2400° 3200° 3400° 3540° 5100° 
p . 6-5 x 1O- 1 2 4-92 x 10—8 4-67 x 1O- 6 3-2O X 10—4 0-08 70O 

T h e va lues a t t h e m . p . , 3540° K. , a n d t h e b .p . , 5110° K . , h a v e b e e n o b t a i n e d b y e x t r a ­
po la t ion . P . W i n t e r n i t z a lso ca l cu la t ed va lues for t h e v a p . press , of t u n g s t e n : 
logp=—48982-72T~i + 1-78 log T + 3 , so t h a t p = l a t 5100° ; a n d J . A. M. v a n 
L i e m p t g a v e log p = — 4 6 4 4 0 T ~ ^ + 9 - 1 5 . W . H e r z sa id t h a t t h e hea t of fus ion h a s 
a v a l u e b e t w e e n 1000 a n d 5000 cals. ; a n d I . L a n g m u i r , t h a t t h e l a t e n t heat of 
vapor izat ion a t a t e m p . T ° K . is A = 2 1 8 , 0 0 0 — 1 - 8 T cals . pe r g r a m - a t o m . This is 
g r e a t e r t h a n t h e h e a t d e v e l o p e d b y a n y k n o w n chemica l r eac t ion . P . W i n t e r n i t z 
g a v e 223,900 cals . p e r g r a m - a t o m a t r o o m t e m p . ; M. R . Andrews , 177,000 cals. ; 
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a n d F . S. Mor t imer , 201,200 cals . L . H a m b u r g e r a n d co-workers d iscussed t h e 
t r o u b l e a t t e n d i n g t h e use of t u n g s t e n f i laments b y t h e s u b l i m a t i o n of t h e m e t a l o n 
t o t h e walls of t h e glass bu lbs . J . A . M. v a n L i e m p t gave 40-49 t o 41-62 for T r o u t o n ' s 
c o n s t a n t ; a n d I . L a n g m u i r , 3-5 for t h e c h e m i c a l c o n s t a n t — E . S i m o m g a v e G-Ol 2. 
M. Delep ine a n d L.. A. H a l l o p e a u g a v e for t h e h e a t of ox idat ion , ( W , 3 0 ) = 195-41 Cals . 
a t c o n s t a n t vol . , a n d 196-3 Cals. a t c o n s t a n t p ress . ; a n d ( W , 2 0 ) = 131-4 a t c o n s t a n t 
press . L . Weiss g a v e 321-08 Cals. pe r eq . for t h e h e a t of c o m b u s t i o n . J . E . Moose 
a n d S. W . P a r r g a v e 1059 cals . p e r g r a m , or 194-9 Cals. p e r m o l . ; W . G. Mix te r , 
196-3 Cals. p e r mo l . J . A. M. v a n Ldempt obse rved t h a t t h e difference b e t w e e n 
t h e h e a t s of o x i d a t i o n p e r g r a m a t o m of w o r k e d a n d u n w o r k e d t u n g s t e n , viz. 193-5 
a n d 195-0 Cals . is w i t h i n t h e l imi t s of e x p e r i m e n t a l e r ro r ; a n d ~F. Koref a n d H . WoIfE 
found t h e h e a t s of d i sso lu t ion of co ld -d rawn , a n d recrys ta l l i zed t u n g s t e n show n o 
m e a s u r a b l e difference. G. N . Lewis a n d co-workers , a n d E . D . E a s t m a n g a v e 8-4 
for t h e a t . entropy of t u n g s t e n a t 25° ; K . C. T o l m a n , 53-7 a t 25° ; B . B r u z s g a v e 
8-4 a t 25°, a n d 27-4 a t t h e m . p . ; a n d W . H e r z , 14-60. T h e sub jec t w a s d iscussed b y 
W . M. L a t i m e r , W . H e r z , a n d b y E . D . E a s t m a n a n d co-workers . R . D . K l e e m a n 
d iscussed t h e i n t e r n a l a n d free e n e r g y of t u n g s t e n . 

H . v o n W a r t e n b e r g 6 found t h e index of refract ion of t u n g s t e n t o b e / x = 2 - 7 6 ; 
the absorption coefficient, &=2-71 ; and the reflecting power, /2=48-6 per cent.9 
for A=0-579/Lt. A . G. W o r t h i n g f o u n d /x a n d Tc for t u n g s t e n a t 27° t o b e respec­
t i ve ly 3-86 a n d 0-81, a n d a t 1627°, r e spec t ive ly 3-85 a n d 0-89. W . W . Cob len tz 
found for t h e p e r c e n t a g e reflecting power , R9 of t u n g s t e n for l igh t of w a v e - l e n g t h A : 

A . 0 - 4 0 -5 1 0 2 0 4-O 6 -0 8 0 1 0 0 12*0 
R . 4 7 0 4 9 - 3 62*3 8 4 - 6 9 2 - 8 9 4 - 6 95*6 9 5 - 5 9 6 - 3 p e r c e n t . 

J . T . L i t t l e t o n f o u n d a t r o o m - t e m p . , 7 2 = 5 4 - 5 p e r cen t , w h e n A=0-589/x. T h e 
sub j ec t w a s d iscussed b y G. Jaffe. F . E . D i x a n d L . H . R o w s e g a v e for t h e indices 
of re f rac t ion , //,, e x t i n c t i o n coeff., /JLJC, a n d p e r c e n t a g e reflect ing power , R : 

A 
f* 
yJc 
R 

670 
1-52 

. 3-65 

. 70-9 

630 
1-42 
3-60 

70-2 

570 
1-28 
3-27 

67-8 

490 
111 
2-94 

66-0 

450 
1-08 
3-38 

69-1 

370 
0-87 
2-78 

6 9 O 

350 
0-82 
2*57 

6 7 1 

W . W e n i g e r a n d A. H . P f u n d s t u d i e d t h e reflect ing p o w e r of t u n g s t e n ; a n d 
H . H a m e r e x a m i n e d t h e effect in t h e u l t ra -v io le t . A . G r a u s t u d i e d t h e l u m i n o s i t y 
cu rves of t u n g s t e n . A . G-. W o r t h i n g m e a s u r e d t h e spectral emis s iv i ty , e, b y h e a t i n g 
t u n g s t e n t u b e s dr i l led w i t h smal l holes , a n d m e a s u r i n g t h e r a t i o of t h e b r igh tnes s of 
holes (unde r b l ack b o d y condi t ions) t o t h e b r i g h t n e s s of t h e o u t e r t u n g s t e n surface . 
H e found for t e m p , u p t o t h e m . p . 3655° K . : 

rrto 

I 
I 

e -< 
/ 
( 

K . 
' 0-665/x 
\ 0-467j* 
. mean 
} colour 
^ total 

. 300° 
. 0-470 
. 0-505 

. 0-032 

1000° 
0*456 
0-486 
0-464 
0-396 
0 1 1 4 

1500° 
0-445 
0-476 
0-457 
0-383 
0 1 9 2 

2000° 
0-435 
0-469 
0-452 
0-370 
0-260 

2500° 
0-425 
0-462 
0-446 
0-355 
0-303 

3000° 
0-415 
0-455 
0-440 
0-343 
0-334 

3500° 
0-405 
0-449 
0-434 
0*329 
0-351 

m.p. 
0-402 
0-447 
0-433 
0-324 
0*304 

B . T. B a r n e s s t u d i e d t h e emis s iv i ty of ca rbon ized t u n g s t e n . E . P . H y d e a n d 
co-workers r e p r e s e n t e d t h e r e l a t i o n b e t w e e n t h e co lour t e m p . , Tc, a n d t h e t o t a l 
r a d i a t i o n , 7 r = a T c 4 " 9 3 , whe re a is a c o n s t a n t . C Zwikke r g a v e for t h e s p e c t r a l 
emiss iv i ty , e><, for A=0-665/Lt, a n d t h e t o t a l r a d i a t i o n , 7 r , in w a t t s p e r sq . c m . , 

T 0 K . . 1 2 0 0 ° 1 5 0 0 ° 2 0 0 0 ° 2 5 0 0 ° 3 0 0 0 ° 3 4 0 0 ° 
eA . 0*458 0 - 4 5 1 0*440 0 - 4 2 7 0 - 4 1 5 0 - 4 0 7 
Ir - 1 -70 Q'^2 2 4 0 6 9 - 4 1 6 2 2 9 1 

H , A. J o n e s g a v e for t h e r a d i a t i o n , Ir, f rom t h e surface in w a t t s p e r eq . cm. , 

T° K . - 2 7 3 ° 3 0 0 ° 5 0 0 ° 1 0 0 0 ° 1 5 0 0 ° 2 0 0 0 ° 2 5 0 0 ° 3 0 0 0 ° 3 6 5 5 ° 
Ir . O 0 0 4 1 6 O O 0 9 7 0 0 - 6 0 2 5 - 5 4 2 3 - 9 6 9 - 2 1 6 0 1 3 9 9 - 4 
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C. Z w i k k e r f o u n d t h a t if B is t h e b r i g h t n e s s of a b l ack b o d y a t TC9 expressed in 
i n t e r n a t i o n a l cand le s pe r sq . cm. , a n d B0 t h e b r i g h t n e s s of t u n g s t e n a t Tb, 
B=B0e

cz^^03X(Tb-^ — Tc-
:L): T h e sub jec t w a s discussed b y G. H o i s t a n d 

co-workers . T h e t o t a l emiss iv i ty , er, is g iven b y t h e r e l a t ion Z r = e r c r T 4 , w h e r e Ir 
r e p r e s e n t s t h e r a d i a t i o n i n t e n s i t y , i.e. t h e t o t a l r a d i a t i o n p e r u n i t a r ea , a n d cr is a 
c o n s t a n t . T h e n o r m a l b r i g h t n e s s , B, a t a n y t e m p , is t h e cand le p o w e r p e r sq . c m . 
m e a s u r e d in a d i r ec t ion n o r m a l t o t h e surface : 

T° K . 
B 

1 0 0 0 ° 
. 0 - 0 0 0 1 2 

1 5 0 0 ° 
0 3 3 

2 0 0 0 ° 
2 0 0 

2 5 0 0 ° 
237*5 

3 0 0 0 ° 
1 2 5 7 

3 5 0 0 ° 
4 2 2 0 

m . p . 
5 7 4 0 

T u n g s t e n d e v i a t e s f rom t h e cosine l aw for l u m i n o u s r a d i a t i o n which r equ i r e s 
t h a t a n e l e m e n t of t h e l i g h t source sha l l a p p e a r equa l l y b r i g h t f rom a n y angle 
A c t u a l l y , a s t h e ang le va r i e s f rom n o r m a l t o g raz ing inc idence , t h e b r i g h t n e s s 
increases a n d decreases r a p i d l y . T h e efficiency of t h e l i gh t emiss iv i ty of a t u n g s t e n 
f i lament is m e a s u r e d b y t h e r a t i o of t h e i n p u t in -watts t o t h e l igh t e m i t t e d expressed 
in t e r m s of l u m e n s p e r w a t t . L e t Ir d e n o t e t h e t o t a l r a d i a t i o n i n t e n s i t y in w a t t s 
p e r sq . c m . ; a n d E, t h e l u m i n o u s efficiency i n l u m e n s p e r w a t t : 

/TTO 

Ir 
E 

3 0 0 ° 
. 0 0 0 1 5 

— 

1 0 0 0 ° 
0 - 6 5 4 

— 

1 5 0 0 ° 
5*55 
0 - 2 0 

2 0 0 0 ° 
2 3 - 7 2 

2 - 7 8 

2 5 0 0 ° 
6 7 - 6 0 
1 1 - 6 7 

3 0 0 0 ° 
1 5 3 - 9 

2 7 1 

3 5 0 0 ° 
3OO 
4 5 - 9 

3 6 5 5 
3 6 0 
5 3 1 

E . O. H u l b e r t m e a s u r e d t h e v a r i a t i o n s in t h e emi s s iv i t y of t u n g s t e n wires for 
l igh t of w a v e - l e n g t h f rom A = 3 2 0 0 A. t o 5500 A. b e t w e e n 1746° K . a n d 2785° K. , a n d 
found : 

A 
E 

3 4 7 8 
. 0 - 4 7 0 

3 9 5 6 
0 - 4 8 4 

4 4 3 5 
0 - 4 6 6 

4 9 1 6 
0 - 4 6 0 

54OO 
0 - 4 4 7 

5 6 4 1 A . 
0 - 4 3 6 

O b s e r v a t i o n s were a lso m a d e b y E . H e n n i n g , a n d E . F u r t h m a n n . M. Lmckiesh a n d 
E . K . Moss d i scussed t h e l u m i n o s i t y of t h e t u n g s t e n l a m p . T h e eye is n o t equa l ly 
sens i t ive t o l i gh t of all w a v e - l e n g t h s ; a cco rd ing t o B . P . D u d d i n g a n d C J . Smi the l l s , 
t h e r e is a m a x i m u m in t h e r e l a t i ve v is ib i l i ty for l i gh t of w a v e - l e n g t h O 0 4 5 5 c m . 
T h e l u m i n o u s v a l u e of t h e r a d i a t i o n r e n d e r s i t n e c e s s a r y t o m u l t i p l y t h e e n e r g y a t 
e a c h w a v e - l e n g t h b y t h e r e l a t i ve v is ib i l i ty . T h e efficiency, E, increases as t h e 
t e m p , is ra i sed , b u t a t t h e s a m e t i m e t h e r e is a s l ight dec rease owing t o t h e r a d i a t i o n 
b e c o m i n g select ive, a n d a p p r o a c h i n g t h a t of a b l a c k b o d y . A. G. W o r t h i n g 
a n d W . E . F o r s y t h e f o u n d for a t u n g s t e n wi re 1 c m . long a n d 1 c m . d i a m e t e r , in 
vacuo , t h e following v a l u e for t h e c u r r e n t , C a m p s . , t h e fall of p o t e n t i a l , V vo l t s , 
t h e r es i s t ance , H o h m s , t h e power , JP w a t t s , a n d t h e l u m i n o u s flux, in l u m e n s : 

T 0 K . . 
R 
V 
O 
I* 
L u m e n s 

. 3 0 0 ° 
- 0 - 0 5 7 1 8 
. 0 0 4 5 7 
. 0 - 0 B 8 
. 0 0 0 0 4 5 

1 0 0 0 ° 
3 2 - 7 3 

8 - 2 3 
0 - 2 5 1 
2 - 0 6 8 
O 0 O 1 2 

1 5 0 0 ° 
5 3 - 3 5 
3 0 - 7 

0 - 5 7 5 
1 7 - 6 2 

3 -3 

2 0 0 0 ° 
75-2O 
7 5 - 5 

1 -004 
7 5 - 8 

2 0 8 - 5 

2 5 0 0 ° 
98-4O 

1 4 6 - 3 
1-487 

2 1 7 - 5 
249O 

3 0 0 0 ° 
1 2 2 - 5 
2 4 7 - 7 

2 - 0 2 0 
501-O 
1330O 

3 5 0 0 ° 
1 4 7 - 2 
3 8 1 
2 - 5 9 
9 8 5 
4 5 2 0 0 

3 6 5 5 ° 
1 5 5 
4 2 8 
2 - 7 6 
1 1 8 0 
618OO 

B . E . Shacke l fo rd d i scussed t h e difference in t h e b r i gh tne s s of t h e inner a n d o u t e r 
surfaces of a h e a t e d t u n g s t e n hel ical f i lament ; G. JRibaud, t h e r e l a t ion b e t w e e n t h e 
c u r r e n t a n d t h e t e m p , of t u n g s t e n f i laments ; a n d W . Geiss, t h e r e l a t ion b e t w e e n 
t h e t o t a l r a d i a t i o n a n d t h e e lec t r ic r es i s t ance . T h e efficiency of a t u n g s t e n f i lament 
in v a c u o d e t e r m i n e s i t s t e m p . , a n d t h i s enab le s t h e t e m p , scale t o be r ep roduced . 
R . E . N y s w a n d e r m e a s u r e d t h e select ive r a d i a t i o n i n t h e u l t r a - r e d a n d found a 
m a x i m u m for A=2-3/x a t 1278° ; for 1-9/z a t 1547° ; for 1-7/x a t 1729° ; for 1-61/LC 
a t 1826° ; for 1-52/x a t 1934° ; for 1-475^ a t 1994° ; a n d for 1-425//, a t 2063°. T h e 
b a n d s of se lec t ive emiss ion in t h e u l t r a - r e d o b s e r v e d b y R . E . N y s w a n d e r were 
s h o w n b y W . W . Cob len tz t o b e a t m . a b s o r p t i o n b a n d s . T h e wave - l eng th of t h e 
m a x i m u m emiss ion of a t u n g s t e n f i lament l a m p w a s 1-43/x, a n d w i t h a ca rbon fila­
m e n t l a m p , 1-48/Lt. A . H . T a y l o r d i scussed t h e l u m i n o u s efficiency of t u n g s t e n 
filament l a m p s ; H . B . Dorge lo , t h e a b s o r p t i o n of l i gh t b y t u n g s t e n ; A. G. W o r t h i n g 
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the deviations of the light from the cosine law ; W. E. Forsythe and F . Christison, 
A. L. Hellgott, and B. T. Barnes, the energy of the radiation ; and H. C. von Alphen, 
the radiation. 

The emission o£ electrons from hot tungsten has been studied by O. W. Richard­
son,7 H. Jones and R. Whiddington, N. A. de Bruyne, T. E. Stern and co-workers, 
H. L. van Velzer and W. R. Ham, E. H. Hall, A. H. Warner, L. P . Smith, 
W. E. Forsythe and E. M. Watson, R. A. Millikan and C. C. Lauritsen, F . Rother 
and E. Miinder, P . A. Ross, R. J. Piersol, R. S. Bartlett, I . Langmuir, 
A. C. Davies and R. N. Moss, W. R. Ham and M. W. White, K. K. Smith, 
H. E. Krefft, W. Huttemann, L. H. Germer, E. Liorenz, A. T. Waterman, 
J . M. EgHn, L. A. du Bridge, J . A. Becker and D. W. Mueller, H. Klumb, 
C. C. Lauritsen and S. S. Mackeown, L. I. Bockstahler, C. del Rosario, S. C. Roy, 
H. E. Farnsworth, H. E. Ives, H. Hunkel, F . E. Colpitts, H. Nukiyama 
and H. Horikawa, W. B. Nottingham, C. E. Berger, E. Meyer, E. Spiller, 
W. H. Brattain, Gr. P. Thomson, K. Sixtus, H. N. Kozangwsky, C. C. van Voorhis 
and K. T. Compton, and S. Dushman and co-workers—vide tantalum, 9. 65, 2. 
According to H. H. Lester, the work, tf>, done by an electron in escaping from the 
surface of tungsten is 4-478 eq. volts ; and, according to R. Hamer, the longest 
wave-length of radiation which can cause photoelectric emission of electrons 
is 2615 A. S. Dushman and co-workers found for the electronic current, 
^=60-2T2C""52600^ ; and the relations between the emission in amperes per sq. 
cm. and temp, calculated from this equation for well-aged tungsten filaments as 
well as for thoriated tungsten, are : 

T 0 K . . . . 800° 1500° 2000° 2500° 2800° 
Elec tron ( t u n g s t e n . 7-58 X 1 0 ~ 8 8-92 x 1 0 ~ 4 0-207 3 1 2 
emiss ion \ T h - t n n g s t e n 1 2 O x I O - 1 1 l - 8 2 x l 0 ~ 2 9-55 117-5(2300°) 

C. Zwikker made observations on this subject ; he found for the thermionic emission, 
^=60-2T2e-&2230/27 amp. per sq. cm., or 

T° K. . . 1500° 2000° 2500° 3000° 3400° 
i . . . 006102 OOOH2 0-302 14-9 149 

I. Langmuir found that higher values for electron emission are obtained from 
filaments containing 1 to 2 per cent, thoria. With an ordinary thoriated filament, 
the thorium is present as the dioxide, and the electronic emission is the same as for 
tungsten alone ; but if the temp, is raised above 2600° K., the thoria reacts with 
the tungsten to form thorium. This reaction was studied by C. J . Smithells. 
I. Langmuir found that the thoriated filament heated to 2600° K. gives the normal 
value for tungsten at 1500° K. since the thorium metal will have evaporated from 
the surface. I t is therefore necessary after flashing the thoriated filament at 
2800° K. for, say, 3 min. to lower the temp, to about 2000° K. to allow the thorium 
to diffuse to the surface from the interior. The emission at 1500° K. is then 
100,000 times the value for tungsten alone—vide supra. If the temp, is kept below 
1900° K.9 this high value is retained indefinitely, but it is destroyed above 2200° K. 
owing to the volatilization of the thorium. According to A. S. Cachemaille, and the 
British Thomson-Houston Co., the presence of reducing agents like carbon, or 
boron, or tungsten carbide favours the reduction of the thoria to thorium. 
W. Cr. Burgers, and J. A. M. van Liempt discussed this subject. I . Langmuir and 
X. H. Kingdon found that the thorium surface is destroyed by bombardment with 
positive ions. The lowest voltage, V9 at which spluttering occurs in different gases ; 
and the ratio, n, of the thorium atoms removed to the number of impacting ions 
at 150 volts, are : 

H Ne Ar Cs Hg He 
V . . 600 45 47 52 55 (35) 
n. O 0-023 0080 0084 0-044 0-00015 

I. Langmuir and co-workers, and J . A. Becker also found that if the tungsten 
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filament b e h e a t e d t o 1200° in t h e s a t . v a p o u r of caesium, t h e caesium is a t t r a c t e d 
b y t h e t u n g s t e n surface, a n d p r o v i d e d t h e t e m p , is be low 1200° K. , t h e m e t a l s 
e v a p o r a t e so s lowly t h a t t h e surface becomes covered w i t h a l aye r of caesium ions^ 
a n d t h e e lec t ron emiss ion is g r e a t l y a u g m e n t e d . If t h e f i lament h a s a l aye r of 
a d s o r b e d ions , t h e caesium ions a r e r e t a i n e d m o r e f irmly. Accord ing t o S. K a l a n d y k , 
iod ine decreases t h e pos i t ive emiss ion of a n e w t u n g s t e n f i lament , b u t does n o t affect 
one p rev ious ly h e a t e d . I t a lso increases t h e n e g a t i v e emission f rom t u n g s t e n . 
W . H . Crew f o u n d t h a t l i gh t a u g m e n t s t h e emiss ion of e lec t rons f rom h o t filaments. 
R . H . F o w l e r d i scussed t h e e l ec t ron t h e o r y of t h e r m i o n i c emiss ion ; C. C. v a n 
Voorh i s a n d K . T . C o m p t o n , t h e w o r k of c o n d e n s a t i o n of t h e e lec t rons ; a n d 
M. P i r a n i a n d H . S c h o n b o r n , e lec t ron ic collision. J . A. M. v a n Xtiempt t r i e d w i t h 
good resu l t s t h e assoc ia t ion of 0-1 t o 3 p e r cen t , of hafn ia in p lace of t h o r i a in t u n g s t e n 
l a m p filaments. 

W . A. J e n k i n s 8 fo*und t h a t s low-moving pos i t ive ions a r e e m i t t e d b y t u n g s t e n 
w h e n i t s t e m p , exceeds 2500°. R . L . K e n w o r t h y , L . P . S m i t h , E . Meyer , 
E . T. S. A p p l e y a r d , H . B . W a h l i n , a n d P . K . M i t r a s t u d i e d t h e emission of pos i t ive 
ions f rom h o t t u n g s t e n filaments ; a n d S. K a l a n d y k , f rom f i laments in iodine 
v a p o u r . C. K e n t y a n d L . A. T u r n e r obse rved t h a t a c t i ve n i t r o g e n a d s o r b e d b y 
t u n g s t e n r educes t h e t h e r m i o n i c c u r r e n t . O. S t u h l m a n f o u n d t h a t t h e m i n i m u m 
p o t e n t i a l for t h e emiss ion of s e c o n d a r y e l ec t rons is 372 vo l t s , a n d ~£t. L . P e t r y 
obse rved t h a t s e c o n d a r y e lec t ron ic emiss ion occu r r ed w i t h t h e p r i m a r y p o t e n t i a l s , 
11-0, 17-1, 25-2, 29-3, 40-5, 46-0, 89-5, a n d 271-5 vo l t s ; S. C. R o y found t h a t t h e 
t h e r m i o n i c emiss ion f rom t u n g s t e n b e t w e e n 1900° K . a n d 2700° K . is d u e t o t h e 
pho toe lec t r i c a c t i v i t y of t h e r a d i a t i o n f rom t h e bod ies t h e m s e l v e s . R . H . W h i d d i n g -
t o n d iscussed t h e ve loc i ty of t h e e lec t rons l i b e r a t e d f rom t u n g s t e n b y X - r a y s ; 
A . Gr. W o r t h i n g , t h e p u l s a t i n g t h e r m i o n i c d i scha rge in e v a c u a t e d t u n g s t e n l a m p s ; 
H . E . F a r n s w o r t h , t h e e lec t ronic b o m b a r d m e n t of t u n g s t e n surfaces ; W . de Groo t , 
t h e t e m p , a n d e lec t ronic emiss ion of t h e t u n g s t e n a rc ; C. D a v i s o n a n d L*. H . Ge rmer , 
A. H . W a r n e r , a n d T. H . H a r r i s o n , t h e t h e r m i o n i c w o r k func t ion ; J . F . Congdon , 
t h e k ine t i c e n e r g y of t h e e lec t rons f rom a h o t t u n g s t e n filament ; A . C. D a v i e s a n d 
R . N . Moss, a n d N . B . R e y n o l d s , t h e loss of t h e r m i o n i c a c t i v i t y b y t h o r i a t e d t u n g s t e n 
filaments ; a n d R . H a m e r , a n d H . K l u m b , t h e pho toe lec t r i c effect. 

T h e visible a n d u l t r a - r e d s p e c t r u m of a n i n c a n d e s c e n t t u n g s t e n wire a t 2200° 
is c o n t i n u o u s . T h e s p e c t r u m is p l o t t e d in F i g . 12—A. W . H u l l . 9 T h e s h a d e d 
p o r t i o n r e p r e s e n t s t h e visible p a r t . If 
t h e w a v e - l e n g t h s -were all r e d u c e d t e n -
thousandfo ld , t h e c u r v e wou ld coinc ide 
v e r y n e a r l y w i t h t h e d o t t e d l ine in F i g . 13 . 
J . N . Liockyer obse rved t h e l ines 5514-9 
a n d 5492-6 i n t h e oxy-coa l gas flame 
s p e c t r u m . T h e spark s p e c t r u m of t u n g ­
s t e n w a s e x a m i n e d b y W . A. Miller, 
R . T h a l e n , E . D e m a r c a y , F . E x n e r a n d 
E . H a s c h e k , A . H a g e n b a c h a n d H . K o n e n , 
A. G. G. L e o n a r d , H . W . Vogel , J . H . PoI -
lok, H . B . L e m o n , A. G. W o r t h i n g a n d 
R . R u d y , a n d J . M. E d e r a n d E . V a l e n t a . 
T h e chief l ines a r e 5734 in t h e yel low ; 
5514, 5492, 5224, 5 0 7 1 , 5069, 5053 , 5015, 
i n t h e b l u e ; a n d 4302; 4295 , a n d 4269 
H . J . C. I r e t o n , a n d E . O. 
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a n d 5008 i n t h e g reen ; 4888 a n d 4843 
t h e ind igo-b lue . E . J . AlHn a n d 

H u l b e r t d iscussed t h e s p e c t r u m of t h e s p a r k in w a t e r ; 
S. S m i t h , t h e s p e c t r a of e lec t r ica l ly exp lod ing wires ; a n d C. Por lezza a n d A. D o n a t i , 
t h e spec t roscopic d e t e c t i o n of t u n g s t e n . T h e arc sp ec t ru m w a s s tud ied b y 
J . N . Lockye r , M. Be lke , W . J . H u m p h r e y s , C. C. Kiess a n d W . F . Meggers, 
A . Sellerio, F . E x n e r a n d E . H a s c h e k , C. B . Hasse lbe rg , O. H a g e n b a c h a n d H . K o n e n , 
W . E . F o r s y t h e a n d M. A . Eas l ey , a n d J . M. E d e r a n d E . V a l e n t a ; a n d t h e u l t r a -
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v io le t s p e c t r u m , b y W . A. Miller, M. B a y e n , O. L*ohse, T . A d e n , Lr. a n d E . B loch , 
M. Lu lk ie sch , V. S c h u m a n n , a n d F . E x n e r a n d E . H a s c h e k . Acco rd ing t o 
W . H . Fu lwe i l e r a n d J . B a r n e s , t h e l i gh t f rom t h e t u n g s t e n a r c u n d e r w a t e r gives a 
c o n t i n u o u s s p e c t r u m in t h e u l t r a -v io l e t . T h e u l t ra -red s p e c t r u m is d i scussed a b o v e . 
M. L u c k i e s h h a s s h o w n t h a t t h e u l t r a - v i o l e t s p e c t r u m of t u n g s t e n e lec t rodes i n 
q u a r t z b u l b s w i t h a r g o n m a y b e cons ide red for some p u r p o s e s a s a p p r o x i m a t e l y 
c o n t i n u o u s b e t w e e n 300JUL/J, a n d 400/,6/Lt, a l t h o u g h w i t h s h o r t exposu re s t h e s p e c t r u m 
is f luted. T h e q u a r t z m e r c u r y a r c in t h i s reg ion e m i t s m a n y l ines , b u t t h e s p e c t r u m 
does n o t a p p r o x i m a t e c o n t i n u i t y . W . E . F o r s y t h e a n d F . Chr i s t i son c a l c u l a t e d t h e 
ene rgy of t h e u l t r a -v io l e t s p e c t r a . 

T h e influence of pressure o n t h e s p e c t r u m w a s e x a m i n e d b y W . J . H u m p h r e y s ; 
a n d of a magnetic field—the Z e e m a n e f fec t—by P . Z e e m a n , a n d R . J a c k . H . B . D o r -
gelo s t u d i e d t h e absorpt ion s p e c t r u m of t h e v a p o u r . N o cha rac t e r i s t i c a b s o r p t i o n 
s p e c t r u m of soln. of t h e t u n g s t e n sa l t s h a s b e e n observed , a n d tT. F o r m a n e k o b s e r v e d 
n o r e a c t i o n w i t h t i n c t u r e of a l k a n n a . J . H . Po l lok e x a m i n e d t h e s p e c t r a of soln. of 
t u n g s t e n sa l t s ; a n d C. H o r n e r , t h e s p e c t r a of b e a d s of t h e ox ide w i t h bor ic ac id , a n d 
p h o s p h o r i c ac id . A . d e G r a m o n t sa id t h a t t h e l ines 2397-110, 3215-578, 3613-793, 
4008-769, a n d 4302-123 a r e les raies ultimes. N o ser ies s p e c t r u m h a s b e e n obse rved , 
b u t E . P a u l s o n h a s n o t e d some pa i r s w i t h c o n s t a n t differences. T h e sub j ec t w a s 
s t u d i e d b y P . Gr. N u t t i n g , H . Be in ing , O. !Laporte, a n d J . S tock . J . C. M c L e n n a n 
a n d co-workers discussed t h e r e l a t ion b e t w e e n t h e e lec t ronic s t r u c t u r e a n d t h e 
s p e c t r u m . 

T h e X - r a y s p e c t r u m of t u n g s t e n is c o n t i n u o u s a n d i t e x t e n d s over four o c t a v e s , 
f rom t h e w a v e - l e n g t h 0-12 X l O - 8 c m 
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- X - r a y S p e c t r u m of T u n g s t e n 
(100,000 vo l t s ) . 

J . B a r n e s , K . T. C o m p t o n a n d 
E . L o r e n z , A. W . H u l l a n d M 
T h e K-ser ies compr i ses t h e l ines txoct, 
P1(S, 0-18436 A. ; a n d £ 2 y , 0*17940 A . 
T h e K-ser ies w a s s t u d i e d b y E . D e r s h e m , 

t o 2 X 1 0 ~ 8 c m . T h e s p e c t r u m i l l u s t r a t e d 
b y F i g . 13 w a s o b t a i n e d b y A . W . H u l l 1 0 

wi th a n ion iza t ion c h a m b e r a n d a n e lec t ro ­
m e t e r - c u r r e n t 1-2 mi l l i ampe re s a n d 100,000 
v o l t s . T h e d o t t e d l ine w a s o b t a i n e d a t 
70,000 vo l t s , a n d t h i s w a s n o t h igh e n o u g h 
t o exc i t e t h e K- l ines . T h e d i a g r a m r ep re ­
s e n t s four l ines o n t h e s h o r t w a v e - l e n g t h 
e n d of t h e s p e c t r u m ; t h e y fo rm t h e 
K-ser ies , a n d a r e de s igna t ed t h e of a n d 
a doub le t , py a n d y. A n o t h e r g r o u p of 
a b o u t 12 l ines w i t h w a v e - l e n g t h s n e a r l y 
t e n t i m e s t h o s e of t h e K-ser ies fo rm t h e 
L-series . T h e X - r a y s p e c t r u m w a s s t u d i e d 
b y M. de Brogl ie , P . Gi in the r , J . H e r w e g , 

C. H . T h o m a s , A. H . C o m p t o n , A. Smeka l , 
R ice , W . S. G o r t o n , H . G. J . Moseley, e t c . 

0-21352 A. ; Ct1CL1, 0-20885 A. ; <x?, 0-215 A. ; 
T h e l imi t of t h e K - a b s o r p t i o n is 0-1782 A. 

W . D u a n e a n d co-workers , M. d e 

0-8 

Brogl ie , K . C. M a z u m d e r , H . R . R o b i n s o n , S. K . All ison a n d W . D u a n e , C. B . Crofu t t , 
M. C. M a g a r i a n , Y. Pose jpa l , B . W a l t e r , H . P u r k s , P . A . R o s s , A. B o u w e r s , D . Coster , 
A . Le ide , G. R e c h o u , C. D . N i v e n , A. S m e k a l , P . Auger , C. B . Crofu t t , H . G. J . Mose­
ley, J . E . M a c k a n d J . M. Cork, J . M. Cork, B . R . S t e p h e n s o n a n d J . M. Cork, 
F . K . R i c h t m y e r , J . T h i b a u d a n d A. So l t an , O. B . Overn , M. S iegbahn , R . L e d o u x -
L e b a r d a n d A. Dauvi l l ie r , A . E . v a n Arke l a n d W . G. Byrge r s , G. A g t e a n d K . Becke r , 
I J . Y . !Faust, e t c . R . B e r t h o l d c o m p a r e d t h e ionizing a n d p h o t o g r a p h i c effects of 
t h e K-ser ies of X - r a y s . T h e L-series compr i ses t h e l ines : a 2 a / , 1-48452 A . ; 
Ct1Cx1, 1-47348 A . ; £j)8, 1-2791 A. ; £ 2 y , 1-24191 A. ; r i S , 1-09553 A . ; e, 1-67505 A . ; 
T7, 1-4177 A. ; £ 5 £ , 1-2118 A. ; y 2 0 , 1-06584 A. ; fav, 1-29874 A. ; fa<f>, 1-26000 A. ; ysX, 
1-05965 A. ; a n d y 4 ^ s 1-02647 A. T h e l imi t s of t h e L - a b s o r p t i o n a r e L1, 1-2136 A. ; 
L29 1-0726 A . ; a n d Ls> 1-024 A. T h e L.~series w a s s t u d i e d b y G. W e n t z e l , M. Sieg­
b a h n , C, X>. N i v e n , H . B r a u n s , M. S i egbahn a n d E . F r i m a u , E . F r i m a n , F . C H o y t , 
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O. B . Overn , J . M. Cork, P . K i r k p a t r i c k a n d I . May ike , R . L iedoux-Lebard a n d 
A. Dauvi l l ie r , S. Ide i , W . D u a n e a n d co-workers , J . S. Roge r s , E . H j a l m a r , D . Coster , 
M. d e Brogl ie , E . D e r s h a m , A . S m e k a l , H . R . R o b i n s o n a n d C. L . Y o u n g , E . C. W a t ­
son a n d J . A . v a n de r A k k e r , Y . N i sh ina , B . B . B a y , C. B . Crofut t , S. K . All ison a n d 
A. H . A r m s t r o n g , H . H i r a t a , J . S. R o g e r s , TJ. Y o s h i d a a n d S. T a n a k a , A . Dauvi l l i e r , 
W . H . Love , J . Z a h r a d n i c e k , A . S a n d s t r o m , S. I de i , H . J . 
M-series compr i ses t h e l ines 4-433 A . ; 5-167 A. ; 5-356 A. ; 
6-123 A. ; 6-271 A. ; £'', 6-720 A. ; £ , 6-733 A., 6-750 A. ; T?2 
OL9 6-948 A. ; a, 6-963, 7-349 A. , 9-549 A. , a n d 8-948. 
a b s o r p t i o n a re M±, 6-708 A. M29 6-475 A. M 3 , 5-416 A. 

G-. Moseley, e t c . T h e 
5-607 A. ; r , 6-083 A. ; 
6-789 A. ; 77, 6-857 A . ; 

T h e l imi t s of t h e M-
; Ms'9 5-380 A. ; M±, 

4-800 A. ; a n d M5, 4-365 A. T h e M-series w a s s t u d i e d b y M. Thoraeus, J . H . v a n 
d e r T u u k , A. J o n s s o n , E . L i n d b e r g , E . Lo renz , K . Molin, B . V . Zums te in , Gr. W e n t z e l , 
C. D . N iven , A. J o n s s o n , E . H j a l m a r , M. S iegbahn , D . Coster , a n d A. Dauvi l l i e r ; 
a n d t h e N-ser ies a n d t h e O-series b y C. T . Chu, J . A . Becker , E . Lo renz , C D . N i v e n , 
a n d O. S t u h l m a n ; a n d t h e P-ser ies b y C D . N i v e n . W . E h r e n b e r g a n d co-workers 
s t u d i e d t h e sub jec t . W . H e r z g a v e 5-87 X 10 6 for t h e v ibrat ion f requency . 

C J . Smi the l l s a n d H . P . B o o k s b y ' s l :L X - r a y diffract ion p a t t e r n s of t u n g s t e n 
a n d i t s ox ides a r e g iven i n F i g . 14. C B . Bozzan i a n d C T . C h u o b t a i n e d cr i t ica l 
va lue s for t h e X - r a y s f rom t u n g s t e n a t 33*6, 34-6, 39-2, 56-6, a n d 71 v o l t s . 
H . B . B o b i n s o n s t u d i e d t h e s e c o n d a r y co rpuscu l a r r a y s p r o d u c e d b y X - r a y s o n 
t u n g s t e n ; D . Nasledoff a n d P . S h a r a v s k y , t h e i n t e n s i t y of t h e r a d i a t i o n f rom 
X - r a y t u b e s ; G. K i r s c h a n d H . P e t t e r s s o n , t h e a c t i o n of a - r a y s ; a n d G. B . B a n d o -
p a d h y a y a , t h e pho toe l ec t r i c 
a c t i on of soft X - r a y s ; A . H . 
W a r n e r , t h e pho toe l ec t r i c 
effect. T . E . A u r e n f o u n d t h e 
a t . a b s o r p t i o n coefficient for 
X - r a y s t o b e 308 w h e n t h a t 
for l ead is 569 a n d t h a t for 
w a t e r is u n i t y . V. Pose jpa l , 
L . M. A lexande r , F . W . W a r -
b u r t o n a n d F . K . B i c h t m y e r , 
a n d S. J . M. Allen d iscussed 
t h i s sub jec t . S. K . All ison a n d W . D u a n e , A. H . C o m p t o n a n d A 
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F i o . 14. - X - r a y Diffraction Pa t t erns of T u n g s t e n 
a n d i ts Oxid.es. 

W . Simon, 
F . K i r c h n e r , Gr. H a g e n , A. Claasen , a n d P . A . R o s s d iscussed t h e s ca t t e r i ng of X - r a y s 
b y m o l y b d e n u m , a n d t h e C o m p t o n effect ; A. J o n s s o n , a n d A. B o u w e r s , t h e in t ens i ty 
of t h e X - r a y s ; G. P . T h o m p s o n , t h e diffract ion of c a t h o d e r a y s ; Gr. L . Clark a n d 
W . D u a n e , t h e s e c o n d a r y a n d t e r t i a r y X - r a y s f rom t u n g s t e n ; K . T . C o m p t o n a n d 
C. H . T h o m a s , O. W . R i c h a r d s o n a n d F . S. R o b e r t s o n , a n d J . C. Boyce , t h e soft 
X - r a y s f rom t u n g s t e n ; H . R . R o b i n s o n a n d A. M. Cassie, a n d R . W h i d d i n g t o n , 
t h e emiss ion of e lec t rons f rom t u n g s t e n b o m b a r d e d b y X - r a y s ; W . H . R o t h e r y , 
a n d R . A . H o u s t o u n , t h e a b s o r p t i o n of X - r a y s ; J . A. Becker , t h e ve loc i ty of 
e l ec t rons e x e r t e d b y X - r a y s ; O. W . R i c h a r d s o n a n d co-workers , t h e exc i t a t i on 
v o l t a g e of soft X - r a y s f rom t u n g s t e n ; C. C. v a n Voorh i s a n d K . T . C o m p t o n , t h e 
h e a t s of c o n d e n s a t i o n of e lec t rons ; a n d XJ. N a k a y a , a n d L . P . D a v i s , t h e effect of 
o x i d a t i o n on t h e emiss ion of soft X - r a y s . M. d e Brogl ie e x a m i n e d t h e cx-ray 
s p e c t r u m . W . G. G u y obse rved n o ev idence of radioact iv i ty . G. I . P o k r o v s k y , 
however , f o u n d ev idence of r a d i o a c t i v i t y w h e n t h e e l e m e n t is exposed t o sho r t -wave 
r a d i a t i o n — s o f t X - r a y s , a n d y - r a y s . N . Koboseff a n d N . I . Nebressoff observed 
t h a t free h y d r o g e n a t o m s a r e p r o d u c e d b y t h e c a t h o d i c po l a r i za t i on of t u n g s t e n ; 
a n d J . K . R o b e r t s d i scussed t h e ene rgy b e t w e e n t h e a t o m s of h e l i u m a n d t u n g s t e n . 
O. W . R i c h a r d s o n a n d F . S. R o b e r t s o n s t u d i e d t h e photoe lectr ic effect ; a n d 
A- H . W a r n e r f o u n d t h a t t h e effect w i t h t u n g s t e n is l imi t ed b y a wave- leng th of 
2570 A., a n d t h e l imi t is n o t affected b y t e m p , u p t o 1140° K . R . B . J o n e s g a v e 
2338 A. for t h e l imi t ing w a v e - l e n g t h . T . P a v o l i n i s t u d i e d t h e pho toe lec t r i c effect ; 
E . O. L a w r e n c e a n d Xi. B . L i n i o r d , t h e effect w i t h t h i n films of oxygen , a n d p o t a s s i u m 

Oxid.es
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on t u n g s t e n ; a n d R . S u h r m a n n a n d F . B reye r , w i t h a film of s o d i u m on 
t u n g s t e n . 

J . Lifschi tz , a n d R . T . Dufford i n v e s t i g a t e d t h e v o l t a - l u m i n e s c e n c e w h i c h occurs 
w h e n a n electr ic c u r r e n t is pa s sed t h r o u g h a n e lec t ro ly te u n d e r c e r t a i n cond i t i ons 
us ing t u n s t e n e lec t rodes . P . E . S h a w a n d C. S. J e x 1 2 found t h a t w h e n r u b b e d on 
glass, t u n g s t e n a lways acqu i re s pos i t ive tr iboelectrici ty . M. F o r r o a n d E . P a t a i 
found t h e contract potent ia l of s o d i u m a g a i n s t t u n g s t e n t o b e 2-2 v o l t s ; I . L a n g m u i r 
a n d co-workers m e a s u r e d t h e c o n t a c t p o t e n t i a l s of t u n g s t e n f i laments a g a i n s t fila­
m e n t s w i t h a d s o r b e d ceesium ; a n d N . R . R e y n o l d s , t h e c o n t a c t p o t e n t i a l s of 
t h o r i a t e d t u n g s t e n filaments. 

T h e e lectrical res i s tance a n d t h e t e m p , coeff. of t h e r e s i s t ance of t u n g s t e n 
wires va r ies w i t h t h e different s a m p l e s . O. Ruff found t h a t r o d s , a m e t r e l o n g 
a n d 2 sq. m m . sec t iona l a r ea , m a d e of t h e c o m p r e s s e d p o w d e r a n d t h e n h e a t e d t o 
2600° t o 2650° , h a d a r e s i s t ance i?=O-5487-{-O-OOO5144(0—12OO)+O-OC2(0—1200)2, 
a t a temperature b e t w e e n 1200° a n d 2940° . A . Mul ler f o u n d t h a t a wi re a m e t r e 
long a n d 1 sq . m m . sec t iona l a r ea , h a d a r e s i s t ance of 0-72 o h m . I . L a n g m u i r 
g a v e 6 - 3 7 x 1 0 - » o h m a t 0° , a n d 9 0 - 3 4 x 1 0 - 6 o h m a t 2027° . F o r s q u i r t e d 
f i laments , u n u s e d , M. v o n P i r a n i g a v e J R = 6 X 10~"6 t o 12 X 10~~6 o h m p e r c m . c u b e 
a t 2 0 ° ; a n d af te r b e i n g in use for 1000 hrs . , JR=5-5 X 10~« t o 5 -7x10—« o h m a t 
20° . T h e t e m p , coeff. b e t w e e n 20° a n d 100° w a s 0-415 p e r c e n t , pe r deg ree . 
J . H . Del l inger found t h e sp . r e s i s t ance of a s q u i r t e d r o d of t u n g s t e n , 20 c m . 
long, a n d 1-2 m m . d i a m . , t o be 0-0s63 t o 0-0569 o h m a t 21 -8°—th i s is n e a r l y 
4 t i m e s t h e r e s i s t ance of copper . A c c o r d i n g t o J". W . A v e r y a n d C. J . Smi the l l s , 
t h e res i s t ance falls r a p i d l y i n t h e ea r ly s t age s of w o r k i n g a n d r eaches a m i n i m u m 
w h e n t h e d e n s i t y is a m a x i m u m ; i t t h e n increases a t a u n i f o r m r a t e w h i c h is 
a p p r o x i m a t e l y a n e x p o n e n t i a l func t ion of t h e d i a m e t e r . 

A. G. W o r t h i n g g a v e for t h e r e s i s t ance f rom 300° t o t h e m . p . , 3655° : 

T° K . . 300° 500° 1000° 1500° 2000° 2500° 3000° 3500° 3055° 
22X10« 5-64 10-74 25-70 41-85 5 9 1 0 77-25 96-2 115-7 121-8 
T h e resu l t s can b e r e p r e s e n t e d b y t h e r e l a t i o n RfR0-(TfT0)

1'2 b e t w e e n 1000° a n d 
3200° , where R0 d eno t e s t h e r e s i s t ance a t 1000°. H . A. J o n e s g a v e t h e r e s u l t s R1, 
a n d C. Zwikker , R2 : 
T° K. . 273° 500° 1000° 1500° 2000° 2500° 3000° 3500° 3655° 
i ? x X l 0 6 5-OO 10-56 24-9O 40-35 5 6 0 7 73-83 9 2 0 0 111-1 117-1 
JZ 2 XlO 6 — 30-9(1200°) 40-2 56-7 7 4 0 92-3 107-8(3400°) 

H . P e c h e u x g a v e 18-9 X 10 4 m h o for t h e e lectrical conduct iv i ty a t 0° ; I . [Langmuir , 
20-0 X l O 4 m h o a t 0 ° ; a n d M. v o n P i r an i , 17-9 X l O 4 m h o . F o r h a r d - d r a w n wires , 
C. Gr. P i n k , a n d W . D . Coolidge gave for t h e res i s tance J S - 0 - 0 5 6 2 o h m a t 25°, a n d 
af ter annea l ing , 0-0550 o h m a t 2 5 ° — t h e t e m p , coeff. of t h e h a r d - d r a w n w i r e 
b e t w e e n 0° a n d 70° w a s 0-51 p e r cen t , pe r degree ; S. W e b e r gave 0-0549 a t 0° , w i t h 
a t e m p , coefl. of 0*46 pe r cen t , b e t w e e n 0° a n d 23°. M. v o n P i r a n i o b s e r v e d n o 
m a r k e d difference in t h e t e m p . coeff. of d r a w n a n d squ i r t ed wires a t h igh t e m p . 
H e found : 

— 180° 0° 20° 100° 200° 500° 1000° 1500° 2000° 
H . 0 0 6 9 8 0 0 6 5 1 2 0 0 5 5 6 0-05745 0 0 6 9 9 0 0 0 4 1 7 9 0 0 4 3 3 0 0-0 4514 0 0 4 7 1 1 

F r o m these m e a s u r e m e n t s , O. M. Oorbino ca l cu l a t ed t h e t e m p , coeff. of t h e 
res i s t ance R a t 0° t o b e aL={dRfdd)/Ry o r c t = 0 - 0 0 1 2 4 a t 800° ; 0-00094 a t 1050° ; 
0-00081 a t 1250° ; 0*00067 a t 1450° ; 0-00075 a t 1800° ; a n d 0 0 0 0 7 6 a t 1850°. 
A. Schu lze g a v e a = 0 - 0 0 4 1 3 f rom 20° t o 100° ; 0-0050 f rom 400° t o 800° ; 0-0058 
f rom 1000° t o 1200° ; a n d 0-009 u p t o 2000°. A . A . Somervi l le f o u n d a t 25° , 100°, 
500°, a n d 1000°, <x^(dRfd6)fR0, t h e r e spec t i ve v a l u e s 0 0 0 4 6 , 0-0050, 0-0057, a n d 
0-0089, a n d h i s r e su l t s for t h e res i s t ance , a n d t h e t e m p , coeff. of t h e r e s i s t ance a r e 
p l o t t e d in F i g . 15. P . W . B r i d g m a n g a v e for t h e t e m p , coeff. 0-00322 b e t w e e n 
0° a n d 100° ; a n d Lr. H o l b o r n g a v e for a wire 0-1 m m . in d i a m e t e r wh ich h a d b e e n 
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h e a t e d for a long t i m e in v a c u o , o.=0*00435, 0-00465, a n d 0 0 0 5 4 7 , respec t ive ly a t 
— 135°, 50°, a n d 350°, a n d for t h e r a t io of t h e res i s tance R a t 0°, a n d R0 a t 0° : 

RfR0 . 
— 78-3° 
0 - 6 5 0 9 

— 80° 
0 0 4 4 

— 100° 
0 - 5 5 7 

— 3 20° 
0 - 4 6 9 

— 140° 
0 - 3 8 2 

— 160° 
0 - 2 9 5 

— 1 80° 
0 - 2 0 8 

— 192 8° 
O-1529 

W . Geiss a n d J . A . M. v a n L i e m p t g a v e for t h e sp . res i s tance of pur i f ied s ingle 
c ry s t a l s of t u n g s t e n , 22=0-0 5 491 o h m . , a n d t h e t e m p . coefE. 0-00481. T h e e lec t r ica l 
c o n d u c t i v i t y is n o t affected b y t h e 
o r i e n t a t i o n of t h e c r y s t a l , a n d t h e s a m e 
v a l u e s were o b t a i n e d w h e n t h e single 
c ry s t a l s were c o n v e r t e d b y d r a w i n g a n d 
a n n e a l i n g i n t o f ine-gra ined m e t a l . T h e y 
found t h a t t h e s p . r e s i s t ance is i nc reased 
160 p e r cen t , b y t h e cold w o r k i n g of t h e 
m e t a l , a n d t h e t e m p . coeff. of t h e r e ­
s i s t ance is r e d u c e d 60 p e r c e n t . T h e 
m i x t u r e law, t h a t for solid soln. , t h e 
p r o d u c t of t h e sp . r e s i s t ance a n d t h e 
t e m p , coeff. r e m a i n s c o n s t a n t , app l i e s 
t o a p u r e m e t a l af ter w o r k i n g in t h e cold. 

800° /000" 

O-00S4 ^ 
0-0078 % 
0-0072 ^ 
0 0066 § 
0-0060 ^ 
0-0054 ^ 
0-0048 \ 
0-0042 1 ^ 

F i a . 1 5 . — T h e E f f e c t of T e m p e r a t u r e o n t h e 
! R e s i s t a n c e of T u n g s t e n . 

T h e c h a n g e in c o n d u c t i v i t y is nob 
d u e t o l a t t i c e modif ica t ion , n o r t o c h a n g e in o r i e n t a t i o n of a t o m i c axes ; i t is 
c o n n e c t e d , as is a lso t h e c h a n g e in m e c h a n i c a l p rope r t i e s , w i t h t h e in te r -
c rys ta l l ine r e l a t ions . B y cold work ing , as also b y t a k i n g u p a solid soln. c o m ­
p o n e n t , t h e e n e r g y c o n t e n t of a m e t a l is inc reased ; ca l cu la t ion f rom t h e 
e lec t r ica l m e a s u r e m e n t s i n d i c a t e s a n inc rease of 775 ca ls . p e r g r a m a t o m of 
t u n g s t e n a f te r cold w o r k i n g . F . Koref n o t e d a c h a n g e in t h e e lect r ica l res i s tance 
of s ingle c r y s t a l wires b y t e m p e r i n g . Accord ing t o J . T s u k a m o t o . t h e sp . e lec t r ica l 
r e s i s t ance of d r a w n t u n g s t e n wire c o n t a i n i n g one p e r cen t , of t h o r i u m , is de ­
p e n d e n t u p o n t h e fineness of t h e t u n g s t e n p o w d e r from w h i c h t h e wire was 
m a d e , on t h e t i m e of s in t e r ing , a n d o n t h e t e m p , of d r a w i n g . A t 20°, t h e sp . 
r e s i s t ance of a rod , 0*47 c m . sq. , is 6*1 m i c r o h m s , wh ich falls t o a m i n i m u m of 5*7 
m i c r o h m s on d r a w i n g d o w n t o a d i a m e t e r of 4-5 m m . F u r t h e r d r a w i n g increases 
t h e r e s i s t ance t o 6-O m i c r o h m s a t 0*35 m m . d i a m e t e r , a n d t o 7*1 m i c r o h m s a t 
0*015 m m . d i a m e t e r . J . C. M c L e n n a n a n d co-workers s t u d i e d t h e c o n d u c t i v i t y 
a t low t e m p . , 2*2° K . , a n d found t h e t e m p e r a t u r e - r e s i s t a n c e cu rve t o bo n o r m a l . 
E . Grune i sen a n d E . Goens s t u d i e d t h e r e l a t i on b e t w e e n t he e lect r ical a n d t h e r m a l 
c o n d u c t i v i t i e s ; W . Geiss a n d J . A . M. v a n L i e m p t found t h a t t u n g s t e n conforms 
w i t h M a t t h i e s s e n ' s ru le a s t o t h e c o n s t a n c y of t h e p r o d u c t of t h e sp . res i s tance a n d 
t h e t e m p , coeff. of t h e res i s tance a n d for t h e r a t i o of t h e res i s tance R a t 0°, a n d R0 a t 
0 ° . B . B e c k m a n m e a s u r e d t h e influence of jyressure ; a n d P . W . B r i d g m a n found 
for press . , p9 u p t o 12,000 k g r m s . p e r sq . cm. , a n d for t e m p . 0° t o 100°, t h e press , 
coeff. of t h e res i s t ance : 

P r e s s . 
Coeff . 

0 k g r m . 
1 2 , 0 0 0 k g r m s . 
a v e r a g e 

0° 
l-OOO 

- 0 0 a 1 4 8 7 
- 0 0 6 1 3 7 3 
0 0 5 1 4 3 0 

5 0 ° 
1*0743 

0 * 0 6 1 4 9 7 
-O U B 1 3 9 9 
- 0 O f i 1444 

1*1486 
- 0 0 5 1 5 0 7 
- 0 0 6 1 4 0 9 
- 0 0 6 1 4 5 8 

75° 
1*2229 

- 0 0 5 1 5 1 8 
0 - 0 6 1 4 2 G 

1000° 
1 - 2 9 7 3 

— 0 0 6 1 5 3 0 
— O O s 1 4 4 2 
— 0*O r1480 

E . D . Wi l l i amson g a v e 0-9838 for t h e r a t i o of t h e res i s t ance a t p ressures of 12,000 
k g r m s . a n d 1 k g r m . p e r sq . c m . U . F i sche r f o u n d for t h e effect of p ressure on t h e 
res i s tance — (l/R)(dR/dp), a t 15°, 0*1°, —185° , a n d —252-7°, t h e respec t ive va lues 
0-05159, 0-06155, 0*0528, a n d 0*06495. H . R o l n i c k f o u n d t h a t u n d e r a tensile stress 
t h e f rac t ional c h a n g e of res i s tance is Si?/JR=0*000194:. R . Becker a n d F . B o r n 
found a difference of less t h a n 5 p e r cen t , i n t h e c o n d u c t i v i t y paral le l a n d per ­
p e n d i c u l a r t o t h e d i rec t ion of rol l ing. G. T a m m a n n a n d M. S t a u m a n i s discussed 
t h e effect of cold w o r k o n t h e e lect r ic r e s i s t ance ; A . Denissov , t he effect of t h e 
electr ic c u r r e n t o n t h e t e m p , of a t h i n wi re ; t h e effect of t h e press , of h y d r o g e n 
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on t h e electr ical res i s tance of a filament ; a n d P . K a p i t z a , t h e effect of a m a g n e t i c 
field o n t h e electr ical c o n d u c t i v i t y . K . H o j e n d a h l , A . T . W a t e r m a n , a n d 
O. F e u s s n e r discussed t h e e lec t ronic t h e o r y of c o n d u c t i v i t y . S. S m i t h m e a s u r e d 
t h e c o n d u c t i v i t y of t h e v a p o u r of t u n g s t e n . I . Liangmuir a n d co-workers c a l c u l a t e d 
t h e losses a t t h e l eads of t u n g s t e n filament l a m p s . 

A . G. W o r t h i n g , i n h is s t u d y of t h e effect of t h e d i rec t ion of t h e h e a t i n g c u r r e n t 
o n t h e t e m p , v a r i a t i o n n e a r a l e ad ing in wi re of a t u n g s t e n filament l a m p , m e a s u r e d 
t h e t he rmoe lec t r i c f o r c e — t h e T h o m s o n e f f ec t—and found for t h e T h o m s o n effect 
a t 1800°, 2000°, a n d 2200° in mic rovo l t s pe r degree , r e spec t ive ly , — 1 8 , — 2 2 , 
— 26, a n d —3O. T u n g s t e n a p p e a r s t o be t h e only k n o w n m e t a l w i t h a pos i t i ve 
t e m p , coeff. for t h e T h o m s o n effect, cr. C. Zwikker g a v e for t h e T h o m s o n effect in 
mi l l ivol t s p e r degree : 

T° JC. 1 8 0 0 ° 1 9 0 0 ° 2 0 0 0 ° 2 1 0 0 ° 2 2 0 0 ° 2 3 0 0 ° 2 4 0 0 ° 
a . _ _ 1 8 —20 — 2 2 — 2 4 — 2 6 — 2 8 — 3 O 

P . W . B r i d g m a n found t h e T h o m s o n effect w i t h a couple c o m p o s e d of one b r a n c h 
of u n c o m p r e s s e d m e t a l , a n d t h e o t h e r compressed a t p k g r m s . p e r sq . cm. , t o be , 
in joules p e r c o u l o m b X 10 pe r degree of t e m p . : 

p 0° 40° 80° 100° 

!

2 ,00O . 2 0 2 -3 2 - 6 2 - 8 

6 , 0 0 0 . 8-5 7-8 6-5 5-6 
1 0 , 0 0 0 . 3 -5 10-2 1 8 - 7 2 3 - 5 
1 2 , 0 0 0 . 9 -3 1 3 1 1 7 - 3 1 9 - 8 

T h e pos i t ive effect a t t h e t w o e x t r e m e s of p ress , r ises w i t h t e m p , a t a c o n s t a n t 
Zzs press , i t r ises a n d falls 

E . S m i t h m e a s u r e d t h e 

- /Z 0 /z o 
x/0 dynes per sq. cm 

F i a . 1 6 . — T l i e E f f e c t of T e n ­
s i o n o n t h e T h o m s o n E f f e c t . 

press . , b u t a t i n t e r m e d i a t e 
w i t h a r ise of t e m p . H . 
effect of t ens ion on t h e T h o m s o n effect i n a t u n g s t e n 
wire , a n d h e found t h a t t h e coeff. increases w i t h 
t ens ion , b u t w h e n t h e s t ress is re l ieved, t h e or iginal 
v a l u e is n o t r e s t o r e d even t h o u g h t h e s t ress is be low 
t h e e las t ic l im i t ; t h e coefL u n d e r g o e s a r egu l a r cycle 
of c h a n g e s w i t h a r e p e a t e d a p p l i c a t i o n a n d r e m o v a l 
of t h e s t ress , F i g . 16. W i t h t u n g s t e n of 99-95 p e r 
cen t , p u r i t y , a n d a t e n s i o n exp res sed in d y n e s p e r 
sq . cm. , t h e T h o m s o n effect, cr, exp re s sed in cals . p e r 
c o u l o m b p e r degree , is : 

Tensior 
CTXlO6 

LX lO® 

. 
O 
2 0 3 8 

2-95 
2 0 7 9 

5-9O 
2 1 0 6 

8-85 
2 1 6 3 

11-8O d y n e s 
2-222 cals . 

P . W . B r i d g m a n f o u n d t h e T h o m s o n effect a g a i n s t lead , a t a t m . p ress . , t o b e 
r e p r e s e n t e d b y cr=O034:l(0+273)10—<* vo l t s p e r degree . T h e Pe l t i er effect, JP9 
jou les p e r c o u l o m b X 1 0 6 , b e t w e e n compressed a n d u n c o m p r e s s e d t u n g s t e n , r ises 
w i t h t e m p , a n d press . : 

P 
2 , 0 0 0 
6 , 0 0 0 

1 0 , 0 0 0 
1 2 , 0 0 0 

0° 
5 -9 

17 -2 
3 0 - 4 
3 5 - 7 

40° 
7-7 

2 3 1 
3 7 - 5 
4 5 - 9 

80° 
9 -5 

2 9 0 
4 8 - 3 
5 8 0 

100° 
1 0 - 4 
3 2 O 
5 5 - 4 
6 4 - 8 

T h e v a l u e w i t h t h e t u n g s t e n - l e a d couple is 2 ? = ( l - 5 9 4 + O O 3 4 1 0 ) / ( 0 + 2 7 3 ) X10""« 
v o l t . P . W . B r i d g m a n found t h e thermoe lec tr i c force of a couple , JS, c o m p o s e d of 
c o m p r e s s e d a n d u n c o m p r e s s e d t u n g s t e n , for v a l u e s of t h e press , u p t o 12,000 k g r m s . 
p e r sq . om. , t o be pos i t ive ; a n d is a b o u t 20 t i m e s a s g r e a t a s t h e v a l u e for m o l y b ­
d e n u m ; t h e the rmoe lec t r i c force also increases r egu la r ly w i t h press , a n d t e m p . 
E x p r e s s i n g t h e t he rmoe lec t r i c force B in vo l t s X 1 O - 6 : 

P 0° 40° 80° s 100° 
2 , 0 0 0 . . 0 - 2 2 0 - 9 4 1-Q8 2-5& 

, 0 0 0 . • 0 - 6 5 2 - 7 6 6 - 9 2 7 - 6 0 
, 0 0 0 . 1 -12 4 - 6 1 9 - 7 5 1 2 - 6 1 
, 0 0 0 . . 1 -33 5 - 5 6 1 1 - 7 6 1 5 - 4 1 

E 

P 
( 2>C 

I 6,€ 

I 12,€ 
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T h e the rmoe lec t r i c force of t h e tungsten-lead couple is JE = (I-5940+OO17O50 2)1O~ 6 

vo l t . W . W . Coblentz o b t a i n e d for t h e the rmoe lec t r i c force, E mic rovo l t s , for t h e 
tungsten-copper couple , a m a x i m u m v a l u e for E in t h e cu rve a t 40° : 

— 200° 
— 600 

— ioo° 
— 24O 

0 ° 
O 

20° 
2 0 

4 0 ° 
2 2 

ioo° 
— 38 

150° 
— 160 

20O° 
— 340 

250° 
— 590 JD 

W . M. L a t i m e r found t h e t he rmoe lec t r i c force of t h e tungsten-silver couple t o b e 
—2-5 mic rovo l t s a t 100° ; —6-0 a t 200° ; —9-2 a t 400° ; a n d —9-8 a t 700°. 
E . B l u m e n t h a l found t h e Pe l t i e r effect for t u n g s t e n aga ins t m o l y b d e n u m t o be 
4-69 X l O - 3 g r a m cal . a t o r d i n a r y t e m p . , a n d 29-3 X l O - 3 g r a m cal . a t 1017°. 
W . R o h n s t u d i e d t h e t he rmoe lec t r i c force of t u n g s t e n aga ins t nickel . S. Morug ina 
gave for t h e t he rmoe lec t r i c force of t h e tungsten-tantalum couple 10-3 mil l ivol ts a t 
1060° ; 16*0, a t 1520° ; t h e tungsten-molybdenum couple , S. Morug ina gave —3 
mil l ivol ts a t 1000° a n d a t 1500° ; a n d 1-5 mil l ivol ts a t 2000°. A . G. W o r t h i n g also 
s t ud i ed t h e t u n g s t e n - t a n t a l u m couple—vide t a n t a l u m . E . F . N o r t h r u p found t h e 
the rmoe lec t r i c force of t h e tungsten-molybdenum couple , E mic rovo l t s , b e t w e e n 
0° a n d 1000° t o be r ep re sen t ed b y ^=4-610—O-OO4360 2 , w i th , a t mos t , a 4 pe r cen t , 
e r ror . T h e va lue of E decreases u p t o 530° , a n d t h e n rises, be ing a b o u t t h e s a m e 
as a t 0° n e a r 1150°, so t h a t a t t h i s t e m p , t h e d i rec t ion of t h e c u r r e n t is t h e oppos i t e 
t o w h a t i t is a t 0 °—v ideFig . 17. Be low t h a t t e m p . , a t t h e h o t j u n c t i o n , t h e c u r r e n t 
flows f rom t h e t u n g s t e n t o t h e m o l y b d e n u m . T h e h igh m . p . of t u n g s t e n m a k e s i t 
v a l u a b l e in t h e c o n s t r u c t i o n of t h e r m o c o u p l e s for h igh t e m p . , b u t t h e y c a n be 
e m p l o y e d only in t h e p resence of a r educ ing a t m o s p h e r e — s a y h y d r o g e n , or a 
m i x t u r e of h y d r o g e n a n d n i t rogen . M. v o n P i r a n i a n d 
G. v o n W a n g e n h e i m used a couple of t u n g s t e n a g a i n s t 
a n al loy of mo lybdenum, w i t h 75 p e r cen t , of t u n g s t e n 
t o m e a s u r e t h e m . p . of m o l y b d e n u m . I t cou ld be used 
u p t o 3000° ; be low 1600°, t h e c u r r e n t a t t h e h o t 
j u n c t i o n flows f rom t h e t u n g s t e n t o t h e al loy, a n d 
r eaches a m a x i m u m of a b o u t one mi l l ivol t a t a b o u t 
600° ; a t 1200°, t h e c u r r e n t reverses a n d r eaches 6 milli­
vo l t s a t 3000° . G. Bore l ius found t h a t t h e t h e r m o ­
elect r ic force of t h e i r o n - t u n g s t e n couple a t o r d i n a r y 
t e m p . , w i t h t u n g s t e n wh ich h a d been successively h e a t e d 
a t different t e m p . , a n d each t i m e r a p i d l y cooled, shows 
per iodic c h a n g e s w h e n t h e e.m.f. is t a k e n a s a func t ion of t h e h e a t i n g t e m p . 
K . S a x o n found t h a t w h e n a piece of t u n g s t e n is p l aced be tween , b u t n o t touch ing , 
t w o e lec t rodes i m m e r s e d in w a t e r a n d a c u r r e n t is pa s sed b e t w e e n t h e e lect rodes , 
t h e surface of t h e i n t e r m e d i a t e m e t a l r e m a i n s b r i g h t o n t h e s ide n e a r e s t t h e 
c a t h o d e , b u t b e c o m e s ox id ized o n t h e side n e a r e s t t h e a n o d e , whi ls t , in some cases, 
a m i x t u r e of o x y g e n a n d h y d r o g e n in t h e r a t i o of <: 1 : 2 is evolved . 

B . D . K i e e m a n a n d W . F rede r i ckson 1 3 found t h a t i n dist i l led wa te r , t u n g s t e n 
a s s u m e s a n e g a t i v e cha rge w h e n a n electr ic c u r r e n t is s en t t h r o u g h t h e l iquid . 
A . S. Busse l l a n d S. W . Howel l sa id t h a t t h e pos i t ion of t u n g s t e n in t h e e lec t ro­
chemica l series is a p p r o x i m a t e l y t h e s ame as t h a t of m o l y b d e n u m (q.v.). H . H . WiI-
l a r d a n d E . F e n w i c k e x a m i n e d t u n g s t e n a s a n e lec t rode ma te r i a l . Accord ing t o 
W . M u t h m a n n a n d E . E r a u n b e r g e r , a c t ive t u n g s t e n , l ike i ron a n d c h r o m i u m , can 
a s s u m e a pass ive s tate , a l t h o u g h in some respec t s t h e b e h a v i o u r of t u n g s t e n is 
different f rom t h a t of c h r o m i u m . I t s e lec t rode p o t e n t i a l is n o t a cons t an t , b u t is 
dej>endent on t h e t r e a t m e n t t h e m e t a l h a s p rev ious ly received. T u n g s t e n is m a d e 
pass ive b y t r e a t m e n t w i t h t h e oxidiz ing a g e n t s , ch romic acid, n i t r i c acid, a n d ferric 
chlor ide, as well as b y hydroch lo r ic a n d su lphur i c ac ids . T h e highes t e lectrode 
potent ia l wh ich pass ive t u n g s t e n can receive b y t r e a t m e n t w i th ch romic acid, is 0-88 
v o l t i n a iV-soln. of p o t a s s i u m chlor ide ; in air , t h e p o t e n t i a l r anges from 0-35 vo l t t o 
—0-03 vo l t . T h e m e t a l is a c t i v a t e d b y pol ishing, a n d i t s po t en t i a l is t h e n —0-58 v o l t ; 
a n d t h i s c an be ra ised t o — O 7 0 v o l t b y c a t h o d i c po la r iza t ion in wa te r . Ca thod ic 
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po la r i za t ion in ac ids or in a lkal i - lye a lso a c t i v a t e s t h e pass ive m e t a l . AVith a 
t u n g s t e n a n o d e a n d p l a t i n u m c a t h o d e , M. Ie B l a n c a n d H . G. B y e r s found t h a t w h e n 
su lphur ic , hydroch lo r ic , a n d n i t r i c ac ids in n o r m a l soln. a r e used a s e lec t ro ly tes , 
t u n g s t e n is p rac t i ca l ly u n a t t a c k e d . I n soln. of phosphor i c ac id a n d of s o d i u m 
h y d r o p h o s p h a t e a t h i g h t e m p . , i t d issolves i n t h e s ex iva l en t fo rm ; a t low t e m p . , 
however , t h e c u r r e n t efficiency is smal ler . I n oxal ic ac id w i t h sma l l c u r r e n t s a n d 
a t h igh t e m p . , t h e c u r r e n t efficiency r eaches t h e t heo re t i ca l v a l u e , b u t is m u c h less 
w i t h r e l a t ive ly la rge c u r r e n t s a t r o o m t e m p . T h e c u r r e n t efficiency a lso a p p r o x i ­
m a t e s t o t h e t heo re t i ca l v a l u e i n n o r m a l soln. of p o t a s s i u m h y d r o x i d e a n d of 
a m m o n i u m su lph ide . T h e c h a n g e f rom t h e ac t i ve t o t h e pass ive ( re la t ive ly 
insoluble) fo rm of t h e m e t a l is f avou red b y increas ing t h e c u r r e n t d e n s i t y a n d b y 
lower ing t h e t e m p . T h e y s a y i t is i m p r o b a b l e t h a t t h e pa s s iv i t y is c o n d i t i o n e d b y 
t h e f o r m a t i o n of a l a y e r on t h e surface of t h e m e t a l ; i t is m o r e l ikely t o b e c o n n e c t e d 
-with a c h a n g e in t h e r eac t ion ve loc i ty . L . B . F l e x n e r a n d E . S. G. B a r r o n m e a s u r e d 
t h e p o t e n t i a l of t h e t u n g s t e n e lec t rode i n va r ious ox ida t i on - r educ t i on s y s t e m s . 
M. !Katalinic obse rved a fa in t luminescence a b o u t a t u n g s t e n a n o d e in cone , su l ­
p h u r i c ac id a t vo l t ages exceeding 60. A. Thiel a n d W . H a m m e r s c h m i d t f o u n d t h e 
o v e r - v o l t a g e w i t h t u n g s t e n a n d 2.ZV-H2SO4 t o be 0*157 v o l t a t 25°. S. J . F r e n c h 
a n d Li. K a h l e n b e r g s t ud i ed t h e ga s -me ta l e lec t rode w i t h t u n g s t e n a n d o x y g e n , 
h y d r o g e n , or n i t rogen . 

Accord ing t o E . N e w b e r y , t u n g s t e n u n d e r a n o d i c t r e a t m e n t i n d i l . s u lphu r i c 
acid , dissolves r ead i ly a n d shows no s igns of pas s iv i ty . T h e surface acqu i re s a 
v e r y br i l l ian t , pol i shed a p p e a r a n c e . I n a lkal i - lye , i t b e h a v e s in t h e s a m e w a y 
as b i s m u t h . O. S a c k u r d iscussed t h e pa s s iv i t y of t u n g s t e n . W . 35. K o e r n e r 
found t h a t t u n g s t e n dissolves anod ica l ly i n a q . soln. of a m m o n i u m h y d r o x i d e , or 
h y d r o x y l a m i n e ; i n m e t h y l - , e thy l - , a n d p r o p y l - a m m o n i u m h y d r o x i d e s t o fo rm t h e 
respec t ive p a r a t u n g s t a t e s ; a n d a t h igh c u r r e n t dens i t ies t h e t u n g s t e n becomes 
pass ive . T u n g s t e n also dissolves anod ica l ly in a q . soln. of p o t a s s i u m a n d s o d i u m 
h y d r o x i d e s t o f o r m o r t h o t u n g s t a t e s ; a n d i t becomes pass ive w i t h h igh c u r r e n t 
dens i t ies . T u n g s t e n dissolves in n o n - a q u e o u s soln. of hydroch lo r i c acid , p o t a s s i u m 
chlor ide or fluoride, s o d i u m chlor ide , e tc . , fo rming t h e r e spec t ive ha logen sa l t s 
-without becoming pass ive ; a n d i t dissolves t o a s l ight e x t e n t in a q . soln. of h y d r o ­
chlor ic , su lphur i c or n i t r i c acid, a n d p o t a s s i u m fluoride, chlor ide , b r o m i d e or iod ide 
w i t h t h e f o r m a t i o n of t u n g s t e n h e x a h y d r o x i d e , b u t t h e m e t a l b e c o m e s pass ive . 
T h e m e t a l r e m a i n s ac t i ve on ly a t v e r y low c u r r e n t dens i t ies . 

T h e pas s iv i ty of t u n g s t e n is d u e t o ox ide films, r a n g i n g in colour f rom b r o w n , 
b l u e a n d g reen t o yel low. T h e colours a r e p r o n o u n c e d a n d c a n b e followed as t h e 
e lec t ro lys is p roceeds . T h e films a re i n d e p e n d e n t of t h e d issolved ca t i on or an ion . 
T h e y a re d u e t o t h e OH- ions r e a c t i n g w i t h t h e t u n g s t e n . T h e pa s s iv i t y is a func t ion 
of t h e colour of t h e film, t h e colour v a r y i n g w i t h t h e a m o u n t of o x y g e n p r e s e n t . 
T h e pas s iv i t y va r i e s d i r ec t ly w i t h t h e c u r r e n t , t i m e a n d t e m p . , a n d inverse ly w i t h t h e 
so lubi l i ty of t h e film, t h e vo l . of e lec t ro ly te a n d t h e diffusion ve loc i ty . If t h e film 
dissolves as r a p i d l y or m o r e r a p i d l y t h a n i t is fo rmed, t h e t u n g s t e n will r e m a i n 
ac t i ve . T h e films c a n b e d isso lved a n d t h e p a s s i v i t y des t royed . Soln. of p o t a s s i u m 
h y d r o x i d e a n d a m m o n i a r e n d e r pass ive t u n g s t e n ac t i ve . Soln. of ac ids a n d sa l t s 
m a k e pass ive t u n g s t e n a c t i v e if a l lowed t o r e a c t for some t i m e o n i t . P a s s i v e 
t u n g s t e n h a s b e e n m a d e a c t i v e o v e r n i g h t i n dis t i l led w a t e r . I . Liangmuir a n d 
K . H . K i n g d o n s t u d i e d t h e c o n t a c t p o t e n t i a l differences b e t w e e n a c lean, u n h e a t e d 
t u n g s t e n filament, a n d t h e s a m e filament c o a t e d w i t h a film of t h o r i u m , caesium, 
o r o x y g e n , 

I n c o n j u n c t i o n w i t h t h e a n o d i c soln . of t u n g s t e n , t h e e lec t rochemica l eq . w a s 
d e t e r m i n e d . T u n g s t e n dissolves s ex iva l en t l y i n a soln. of a m m o n i a w i t h 100 
p e r cen t , efficiency. F r o m t h e loss i n w e i g h t of a t u n g s t e n a n o d e in a m m o n i a a n d 
t h e c o u l o m b s of c u r r e n t , t h e e l e c t rochemica l equ iva lent w a s f o u n d t o b e 0*3173 
m g r m . p e r c o u l o m b — t h e t heo re t i c a l v a l u e is 0-3175 m g r m . p e r c o u l o m b . 

W . E . K o e r n e r f o u n d t h e s ingle e l e c t r ode p o t e n t i a l of t u n g s t e n in n o r m a l soln . , 
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referred to the standard hydrogen electrode, t o be —0-656 v o l t for K C y ; —0-315 
vo l t for K O H ; —0-238 vo l t for N H 4 O H ; 0-193 v o l t for H 2 S O 4 ; 0-256 vo l t for 
H C l ; 0-311 vo l t for H N O 3 ; 0-522 vo l t for K F ; 0 0 5 3 vo l t for KCl ; 0-589 v o l t for 
K B r ; and 0-733 v o l t for K I . The electrode potent ial varies w i t h the nature of 
the electrolyte. The metal is negat ive to the electrolyte wi th soln. of the bases ; 
and posit ive wi th acid and salt soln. The soln. tension or solubil i ty of a meta l in 
an electrolyte is a function of the electrode potential ; and the solubil i ty therefore 
is greatest in soln. of the bases, and least in soln. of salts . Tungsten is more soluble 
in soln. of potass ium cyanide t h a n of the hydroxide ; and more soluble in potass ium 
hydroxide than in aq. ammonia ; i t is more soluble in sulphuric acid than in hydro­
chloric acid, and more soluble in hydrochloric acid than in nitric acid. The order 
of solubil i ty in soln. of the s a l t s — K P , KCl, KBr , and K I — i s in order named. O. Bauer 
gave for the potent ial of tungsten against a one per cent . soln. of sodium chloride and 
a normal calomel electrode, —0-260 vo l t a t the start falling to —0-235 vo l t in 1 hr., 
and —0-24:0 vo l t in 120 hrs. A . Fischer and co-workers measured the electromotive 
force of the cell w i th tungs ten in an alcoholic soln. of tungsten hexachloride, against 
a calomel electrode in contact w i th an alcoholic soln. of l i thium chloride, and found 
for soln. wi th one-s ixth mol of the hexachloride in v l itres : 

v . 1-30 2-82 5-82 9-84 123 417 925 
E.m.f . 0-504 0-492 0-474 0-465 0*399 0-362 0-349 v o l t . 

They calculated the normal potent ia l of tungsten in an alcoholic soln. of sex ivalent 
tungs ten t o be 0-68 vo l t ; and in aq. soln., 0-61 vol t . These values are based on 
questionable assumptions . They infer tha t tungs ten is nearly as noble a meta l as 
silver ; and in the electrochemical series, tungs ten occupies a place be tween ant imony 
and mercury. Pass iv i ty was no t observed. W . E . Koerner obtained normal soln. 
of tungs ten hexahydroxide in sulphuric, hydrochloric and nitric acids b y electrolyzing 
the acids a t low current densit ies be tween tungsten electrodes. Measurements 
of the e.m.f. of cells were made w i th tungs ten in a iV-soln. of the acid, and with 
tungs ten in a sat . soln. of tungs ten hexahydroxide . These combinat ions were 
concentrat ion cells wi th the cone, of the hexahydroxide zero. W i t h W + | H 2 S O 4 ; 
W ( O H ) 6 ( H 2 S O 4 I W - , the e.m.f. was 0-117 v o l t . ; w i th HCl in place of H 2 S O 4 , 
0*057 v o l t ; and wi th H N O 3 in place of H 2 SO 4 , 0-009 vo l t . Hence , tungsten hexa­
hydroxide is m o s t soluble in sulphuric acid, and least soluble in nitric acid. True 
soln., not colloidal soln., are formed ; and tungs ten occurs in the cation. 

O. W. Richardson a n d !F. S. !Robertson found t h a t the voltage-current curve 
be tween a ho t tungs ten fi lament and mercury vapour is shifted to the negat ive along 
the vo l tage-ax is b y increasing the press, of hydrogen. This change is taken to 
represent the contac t difference of potent ia l as influenced b y the gas press. 
W . E . Koerner showed t h a t tungs ten is negat ive t o soln. of the bases so tha t vo l ta ic 
cells are formed if i t be combined wi th a metal—e.g . mercury or s i lver—posit ive to 
these soln. , w i t h 2V-NaOH sat . w i th mercuric oxide, the potential of mercury is 
0-168 vo l t (hydrogen zero) ; and wi th the iV-NaOH sat . wi th silver oxide, the 
potent ia l of silver is 0-378 vo l t (hydrogen zero) ; a n d wi th the tungsten employed in 
the experiments , the electrode potent ia l in iV-NaOH is —0-704 vo l t (hydrogen zero). 
A cell w i th tungs ten a n d mercury in ZV-NaOH sat . w i t h mercuric oxide has an e.m.f. 
of 0-872 v o l t — t h e mercury being posit ive ; similarly wi th tungsten and silver in 
JV-NaOH sat . w i th silver oxide, the e.m.f. is 1-082 vol t , the silver being posit ive. 
If 1OiV-NaOH be used wi th the mercury-tungsten combinat ion, the e.m.f. is 1-050 
vo l t . The e.m.f. w i th the cell H g + | H g 6 W 7 O 2 4 | N a 6 W 7 O 2 4 | W ~ is 0-552 v o l t ; wi th 
Cu + J Cu3W7O2 41 N a 6 W 7 O 2 4 j W ~ , 0-395 v o l t ; and wi th Cd~ | C d 3 W 4 O 2 4 N a 6 W 7 O 2 4 1 W - , 
0-434: vo l t . Exper iments were made wi th storage cells having tungsten and tungstic 
acid for the posit ive electrode and tungsten for the negat ive electrode, and sulphuric 
acid as electrolyte. The e.m.f. before charging was 0-08 volt , and after charging 
3-00 vo l t s ; 24 hrs. after charging the e.m.f. had dropped to 0-2 volt . N o change of 
colour was observed. The best combinat ion tried had, before charging, tungsten as 
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pos i t ive e lec t rode a n d t u n g s t e n a n d t u n g s t i c ac id a s n e g a t i v e e l ec t rode . D u r i n g 
cha rg ing t h e yel low t u n g s t e n ac id w a s r e d u c e d t h r o u g h a series of co loured ox ides 
t o a b lue-b lack c o m p o u n d , p r o b a b l y W 2 O 5 . T h e t u n g s t e n of t h e pos i t ive e lec t rode 
b e c a m e covered w i t h a b r o w n film, p r e s u m a b l y W O 2 . !Before cha rg ing , t h e 
e.m.f. 0*08 vo l t was obse rved ; a n d i m m e d i a t e l y af ter cha rg ing t h e e.m.f. -was as 
h igh as 6-20 vo l t s . Th i s va lue d id n o t r e m a i n c o n s t a n t because , 24 h o u r s af ter 
charg ing , 0-75 vo l t w a s o b t a i n e d . This v a l u e r e m a i n e d c o n s t a n t for t w o weeks . 
A. L/. Clark s tud ied t h e po la r i za t ion c a p a c i t y of t u n g s t e n . L . W . W a l t e r , a n d 
A. G u n t h e r - S c h u l z e obse rved t h a t w i t h m a n y e lec t ro ly tes , t u n g s t e n shows t h e 
electrolyt ic v a l v e ac t ion ; t h e cr i t ica l vo l t age w i t h s t r o n g ac ids is, a s a ru le , h ighe r 
t h a n w i t h a l u m i n i u m , a n d n o t so h igh a s wi th t a n t a l u m . Th i s rect i f icat ion of 
a l t e r n a t i n g c u r r e n t s b y t u n g s t e n w a s discussed b y S. D u s t m a n , R . E . Russe l l , a n d 
Gr. S. Meikle ; t h e c a t h o d i c d i s in t eg ra t ion , b y E . felechschmidt ; t h e surface p i t t i n g 
of t u n g s t e n f i laments , b y E . S. D a v e n p o r t ; c o n t a c t p o t e n t i a l w i t h a d s o r b e d films, 
b y I . L a n g m u i r a n d K. H . K i n g d o n ; t h e t u n g s t e n a rc , b y W . S . N o t t i n g h a m , 
S. H . A n d e r s o n a n d G-. G. K r e t c l i m a r , W . B . N o t t i n g h a m , W . de Groo t , a n d 
W . W e h r l i ; c lec t rok ine t ic p o t e n t i a l , b y A. Coehn a n d O. Schafmeis te r ; C del 

Hosar io , a n d J . Tay]or , t h e s p a r k i n g p o t e n t i a l s of d i scharge 
t u b e s w i t h t u n g s t e n e lec t rodes ; P . Bach t ige r , t h e t u n g s t e n 
a r c ; a n d U . N a g a o k a a n d T. F u t a g a m i , t h e s p l u t t e r i n g of 
t u n g s t e n b y t h e d i s rup t ive d i scharge in a m a g n e t i c field. 
E . K . G. S tucke lbe rg sa id t h a t t h e t e m p , of t h e t u n g s t e n 
c a t h o d e in a n electr ic a rc is 2600° t o 3300° K . J . S. F o r r e s t 
d iscussed t h e glow- d ischarge on t h e ac t i ve e lec t rode of a 
rect i fying cell. 

Accord ing t o H . Moissan , 1 4 t u n g s t e n is n o t ferro­
m a g n e t i c ; b u t is p a r a m a g n e t i c . L . Weiss also said t h a t 
t h e m e t a l is n o n - m a g n e t i c . K . H o n d a gave 0-33 X 1 0 ~ 6 for 
t h e m a g n e t i c susceptibi l i ty b e t w e e n 18° a n d 1100° ; whi le 
M. Owen o b t a i n e d for t h e m e t a l , free from i ron , 0-252 X 10~"6 

in a m a g n e t i c field of 26 k i l o g r a m s ; a n d 0-222 X 1 O - 6 for a n infini tely s t r o n g 
m a g n e t i c field. The resu l t is i n d e p e n d e n t of t h e t e m p . Some obse rva t i ons on 
t h i s sub jec t were m a d e b y S. Meyer ; a n d b y D . M. Bose a n d H . G. B h e r . 
P . K a p i t z a ' s obse rva t ions on t h e effect of m a g n e t i c fields on t h e electr ical con­
d u c t i v i t y are s u m m a r i z e d in F ig . 18. 

U 
— 

/'0 

^ 0>4 
0'Z 

0 
0 /00 £00 300 

field--fcflogeu/ss 
F J O . 18.—-The Effec t of 

M a g n e t i c !Fields o n 
t h e E l e c t r i c a l Con­
d u c t i v i t y . 

R E P E R E N C E S . 
1 S. Ohashi , Nagaoka Anniv. Vol., 417, 1925 ; J". J . and F. de E l h u y a r , Andlisis quimico del 

wolfram y exdmen de un nuovo metal qtie entra en su composicion, Bascongada , J 783 ; A Chemical 
Examination of Wolfram and Examination of a Neiv Metal which enters into its Composition, 
!London, 1785 ; Chemische Zerkliederung des Wolframs* Ha l le , 1786 ; MSm, Acad. Toulouse* 2 . 
141, 1784 ; G. A. Meierson, Journ. Buss. Phys. Chem. Soc, 60 . 1217, 1928 ; F . Wohler , Fogg. 
Ann., 2 . 345, 1 8 2 4 ; Quart. Journ. Science, 20 . 177, 1 8 2 6 ; Phil. Mag., 66. 263, 1 8 2 5 ; Obit. 
Nachr., 35, 1850 ; Eiebig's Ann., 7 3 . 190, 1850 ; 77 . 262, 1851 ; Ann. Chim. Phys., (2), 29 . 43 , 
1823 ; (3), 29 . 187, 1850 ; E . Ze t tnow, Pogg. Ann., 130. 16, 241 , 1867 ; P . Debye , Phys. Zeit.9 
18 . 483, 1917 ; M. E t t i sch , M. Po lany i a n d K . Weissenberg, ib., 22. 646, 1921 ; Zeit. phys. Chem., 
99. 332, 1921 ; Zeit. Physik, 7. 181, 1921 ; W . P . !Davey, Journ. Amer. Opt. Soc, 5 . 479, 1921 ; 
Gen. Elect. Rev., 25. 565, 1922 ; Phys. Rev., (2), 23 . 292, 1924 ; H . P . a n d W . P . Davey , ib., (2), 
31. 160, 1928 ; (2), 25 . 736, 753, 1925 ; <2), 26. 736, 1925 ; A. W. Hul l , ib., (2), 17 . 376, 1921 ; 
A. W. Hul l and W. P . Davey , ib., (2), 17. 571 , 1921 ; H . C. Burger , Zeit. Physik, 58 . 11 , 1929 ; 
Phys. Zeit., 23 . 14, 1922 ; Physica, 2 . 114, 1922 ; A. E . v a n Arkel , ib., 3 . 76, 1923 ; 5 . 208, 1925 ; 
C. F . Bucholz , Schweigger^s Journ., 3 . 1, 1811 ; JP. S. Goucher , Phil. Mag., (6), 48 . 229, 1924 ; (7), 
2 . 289, 1926 ; Brit. Pat. No. 181703, 9 1 0 2 ; .T. Leonha rd t , Zeit. Kryst., 6 3 . 478, 1926 ; 
C. J . Smithel ls a n d H . P . Rooksby , Nature, 120. 226, 1927 ; C. J . Smithel ls , H . P . Rooksby , a n d 
W . R . P i t k i n , Journ. Inst. Metals, 36. 107, 1926 ; E . Su t t e r , Die Entstehung von EisenkristaUen 
und ihre Wachstumsbedingungen mit Berilcksichtigung der Vorgdnge bei der allotropen Umtoandlung, 
Griefswald, 1926 ; C. J . Smithel ls , Tungsten, London , 57, 1926 ; Journ. Inst. Metals, 27 . 107, 
1922 ; Trans. Faraday Soc, 17 . 485 , 1921 ; R . Gross a n d N . Blassmann , Neues Jahrb. Min. B.B., 
42. 728, 1919 ; B . Schmid t , Phys. Ber., 6. 610, 1926 ; Aetz- und Losungs-erscheinungen an Wolfram, 
Greisswald, 1924 ; L. P . Sieg, Phys. Rev., (2), 19 . 273, 1922 ; C. W . Siemens a n d A. K . H u n t i n g -



TUNGSTEN 723 

ton , Chem. News, 46. 163, 1 8 8 2 ; K . Becker, Zeit. Physik, 42 . 226, 1 9 2 7 ; 5 1 . 481 , 1 9 2 8 ; 
W . Braunbek , ib., 38. 549, 1 9 2 6 ; W . G. Burgers , ib., 58 . 11 , 1929 ; R . Gross, F . Kloref a n d 
K . Moers, ib., 22 . 317, 1924 ; J . Hengs tonberg a n d H . Mark , Naturwiss., 17. 443, 1929 ; Z. Jeffries, 
Chem. Met. Engg., 16. 503, 1917 ; Trans. Amer. Inst. Min. Eng., 56 . 571 , 1916 ; 60. 588, 1919 ; 
70 . 303, 1924 ; Z. Jeffries a n d R . S. Archer , The Science of MeIaIs9 Now York , 86, 1924 ; Chem. 
Met. Engg., 26. 343, 1922 ; H . E . Roscoo, Liebig's Ann., 162. 359, 1872 ; Proc. Manchester Lit. 
Phil. Soc, 11. 79, 1872 ; Chem. News, 25 . 61, 73, 90, 1873 ; Bull. Soc. Chim., (2), 2 5 . 6 1 , 1873 ; 
J . J . Berzelius, Schweigger's Journ., 16. 476, 1816 ; Ann. Phil., 3 . 245, 1814 ; Ann. Chim. Phys., 
(2), 17. 13, 1821 ; Pogg. Ann., 4. 147, 1825 ; 8. 147, 267, 1826 ; I I . von Wartenbertf, Ber., 40 . 
3287, 1907 ; Zeit. angew. Chem., 24 . 2433, 1911 ; H . A l t e r t h u m , Zeit. jjhys. Chem., 110. 1, 1924; 
Zeit. Metallkunde, 16. 319, 1924 ; 1 9 . 1 2 1 , 1 9 2 7 ; E . Schmid, ib., 20. 370, 1928 ; E . Schiebold, ib., 
16. 462, 1924 ; F . Kloref, ib., 15 . 47, 1923 ; 17. 214, 1925 ; Zeit. Elektrochem., 28 . 515, 1922 ; 
F . S k a u p y , ib., 33 . 487, 1927 ; F . Sauerwald , Zeit. anorg. Chem., 22. 277, 1922 ; M. E . Penn ing ton 
a n d F . E . Smi th , ib., 8. 198, 1895 ; L . Weiss, ib., 65 . 334, 1910 ; G. T a m m a n n and M. S t r auman i s , 
ib.9 169. 365, 1928 ; J . A. M. v a n L iempt , ib., 129. 263, 1923 ; 195. 366, 1931 : W. Geiss a n d 
J . A. M. v a n L i e m p t , ib., 143. 259, 1925 ; Ann. Physik, (4), 77 . 105, 1925 ; Zeit. Physik, 45 . 631 , 
1927 ; H . Wolff, Einfluss der Kristallformen und Kristallgrossen auf den thermodynamischen, Inhalt, 
die Dichte und die Formbestdndigkeit der Wolfra?ndrdhte9 Danzig , 1924 ; F . ICoref a n d H . Wolff, 
Zeit. Elektrochem., 28 . 477, 1922 ; T. Fu j iwara , Mem. Coll. Kyoto, 1 1 . 283, 1928 ; 13 . 109, 149, 1930 ; 
W . H u m e - R o t h e r y , Phil. Mag., (7), 10. 217, 193() ; J . L e o n h a r d t , Zeit. Kryst., 76. 252, 193O ; 
T. Fu j iwara , Mem. Coll. Kyoto, 13 . 109, 1930 ; W. Rosenha in , Inst. Intemat. Phys. Solvay, 4 . 
155, 1927 ; J . Hengs tenberg , MetalUoirtschaft, 9. 465, 1930. 

2 J . J . a n d F . de E l h u y a r , Andlisis qitimico del volfram y exdmen de un nuovo metal que enlra 
en su composicion, Bascongada , 1783 ; A Chemical Examination of Wolfram and Examination 
of a New Metal which enters into its Composition, L o n d o n , 1785 ; CJiemische Zerkliederung des 
Wolframs, Hal le , 1 7 8 6 ; Mdm. Acad. Toulouse, 2 . 141, 1 7 8 4 ; H . C. Burger , Physica., 2 . 114, 
1922 ; A . Riche , A?m. Chim. Phys., (3), 50. 33, 1857 ; J . Laissus , Rev. MU., 24 . 345, 1927 ; 
E . Ze t tnow, Pogg. Ann., 130. 16, 241 , 1867 ; P . Vinassa, Oazz. Chim. Ital., 58 . 178, 1928 ; 
F . A . Bernoul l i , Pogg. Ann., 111. 570, 1860 ; Chem. News, 5 . 116, 1862 ; C. F . Bucholz , Schweigger's 
Journ., 3 . 1, 1811 ; W . Allen a n d A . Aiken, in A. a n d C. R . Aiken, Dictionary of Chemistry, 
London , 2 . 445, 1807 ; L . von TJslar, Gott. Nachr., 94. 255, 1855 ; Beitrdge zur Kenntniss des 
Wolframs und Molybddns, Got t ingen , 1855 ; H . E . Roscoe, Liebig^s Ann.* 162. 359, 1872 ; Proc. 
Manchester Lit. Phil. Soc, 11. 79, 1 8 7 2 ; Chem. News, 25 . 61 , 73, 90, 1 8 7 3 ; Bull. Soc. Chim., 
(2), 25 . 6 1 , 1873 ; A. S tavenhagen , Compt. Bend., 127. 755, 1898 ; Ber., 32 . 1513, 3064, 1899 ; 
H. M. I>elepine, Compt. Bend., 131 . 184, 19OO ; Bull. Soc. Chim., (3), 23 . 675, 1 9 0 0 ; H . von 
W a r t e n b e r g , Ber., 40 . 3287, 1907 ; E . I>onath a n d J . Mayrhofer , ib., 16 . 1588. 1883 ; 
L . A . Hal lopeau , Bull. Soc. Chim., (3), 19 . 997, 1898 ; (3), 2 1 . 266, 1899 ; Compt. Bend., 127. 
755, 1 8 9 9 ; Ann. Chim. Phys., (7), 19. 115, 1 9 0 0 ; A. Berkonheim, Zeit. phys. Chem., 141. 35, 
1929 ; V. M. Goldschmidt , Skr. Norske Vid. Akad., 2 , 1926 ; IJ. Pau l ing , Journ. Amer. Chem. 
Soc, 49 . 765, 1927 ; E . T . W h e r r y , Arner. Min., 14. 54, 1929 ; H . Moissan, Ann. Chim. Phys., 
(7), 8 . 570, 1 8 9 6 ; Le four electrique, Pa r i s , 229, 1897 ; London , 159, 1 9 0 4 ; Com,pt. Bend., 7 3 . 
13, 1872 ; 116. 1225, 1893 ; 123. 13, 1896 ; L . Weiss, Zeit. anorg. Chem., 65 . 279, 1910 ; G. Grube 
a n d K . Schneider , ib., 168. 17, 1927 ; I . T r a u b e , ib., 8 . 12, 1895 ; M. E . P e n n i n g t o n a n d 
E . F . Smi th , ib., 8. 198, 1895 ; E . F , S m i t h a n d F . F . E x n e r , Chem. News, 90. 66, 1904"; Journ. 
Amer. Chem. Soc, 26. 1082, 1904 ; G. Ar r ivan t , Compt. Bend., 143. 594, 1907 ; C. J . Smithel ls , 
Tungsten, London , 82 . 1926, Journ. Inst. Metals, 27. 107, 1922 , Trans. Faraday Soc, 17. 485, 
1921 ; J . W . A v e r y a n d C. J . Smithel ls , Proc. Phys. Soc, 39 . 85, 1926 ; C. J . Smithells , 
H . P . R o o k s b y a n d W . R . P i t k i n , Journ. Inst. Metals, 36 . 107, 1926 ; 1* . S. Goueher , Phil. Mag., 
(6), 48 . 229, 1 9 2 4 ; (7), 2 . 289, 1 9 2 6 ; L . Vegard, ib., (7), 1. 1151, 1 9 2 5 ; C. G. F ink , Trans. 
Arner. Electrochem. Soc, 22 . 499, 1912 ; Met. Chem. Engg., 8. 341 , 1910 ; Chem. News, 104. 34, 
1911 ; A . G. W o r t h i n g a n d W . E . F o r s y t h e , Phys. Bev., (2), 18. 144, 1921 ; Astrophys., Journ., 
61 . 146, 1925 ; A. G. Wor th ing , ib., 36. 345, 1912 ; Journ. Franklin Inst., 181 . 857, 1916 ; Phys. 
Rev., (2), 5 . 445, 1915 ; <2), 10. 377, 638, 1917 ; (2), 12. 199, 1918 ; W . Schriever, ib., (2), 20. 
96 , 1922 ; (2), 2 3 . 255, 1924 ; I . L an g mn i r , ib., (2), 7. 302, 1916 ; M. L . Muggins, ib., (2), 28 . 
1086, 1926 ; E . C. B a i n a n d Z . Jeffries, Chem. Met. Engg., 25 . 775, 1921 ; Z . Jeffries and 
R . S. Archer , The Science of Metals, N e w York, 216, 1924 ; Z . Jeffries, Chem. Met. Enyg., 16. 
503, 1917 ; Trans. Amer. Inst. Min. Eng., 56 . 571, 1916 ; 60. 474, 588, 1919 ; F . Koref, Zeit. tech. 
Physik, 7. 544, 1926 ; Zeit. Metallkunde, 15. 47, 1923 ; 17. 214, 1925 ; Zeit. Elektrochem., 28 . 
515, 1922 ; W . Geiss, Physica, 3- 322, 1923 ; Zeit. Physik, 29 . 78, 1924 ; Zeit. Metallkunde, 15. 
297, 1923 ; W . Geiss a n d J . A. M. v a n L i e m p t , Zeit. anorg. Chem., 168. 147, 1927 ; Ann* Physik, 
(4), 77 . 105, 1925 ; Zeit. Physik, 4 5 . 631 , 1927 ; H . Achonborn , ib., 8. 377, 1921 ; J . Konigsberger , 
ib., 40 . 729, 1926 ; E . Griineisen, Ann. Physik, (4), 22. 811 , 1907 ; L . P . Sieg, Proc Iowa Acad., 
2 8 . 95, 1921 ; Phys. Rev., (2), 9 . 337, 1916 ; (2), 25 . 251 , 1925 ; J . M. Egl in , ib., (2), 3 1 . 1127, 
1928 ; P . W . Br idgman , Proc. Amer. Acad., 58 . 166, 1923 ; 60 . 305, 1925 ; Proc Nat. Acad., 10. 
411 , 1 9 2 4 ; T . W . R icha rds a n d E . P . B a r t l e t t , Journ. Amer. Chem. Soc, 37. 470, 1 9 1 5 ; 
T . W . Richards , ib., 46. 1419, 1924 ; 47 . 731, 1925 ; 48 . 3063, 1926 ; L . H . Adams, Jotcrn. 
Washington Acad., 17 . 629, 1927 ; J . Wadde l l , Zeit. phys. Chem., 3 . 491 , 1889 ; J - R . Rydberg , 
*&., 3 8 . 353, 1900 ; H . G. G r i m m , ib., 122. 177, 1926 ; P . H i d n e r t a n d W . T . Sweeney, Thermal 
Expansion of Tu?tgsten, Wash ing ton , 1925 ; Sdent. Papers Bur. Standards, 515, 1925 ; 
H . Schroder, Liebig's Ann., 178. 71 , 1874 ; W . Widder , Phys. Zeit., 26 . 618, 1925 ; E . R u h s t r a t , 



724 INORGANIC AND THEORETICAL CHEMISTRY 

Brit. Pat. No. 23437, 1910 ; Elect. World, 56. 1311, 1910 ; E . W. Engel, Trans. Amer. Inst. Min. 
Eng., 71 . 691 , 1925 ; H . L . Dodge , Phys. Rev.9 (2), 11 . 311 , 1918 ; A . L . K i m b a l l a n d D . E . Lovel l , 
ib.9 (2), 30. 948, 1927 ; H . B . de Vore a n d W . P . Davey , ib.. (2), 31 . 160, 1928 ; W . E . W . Milling-
t o n a n d E . C. Thompson , Nature, 117. 720, 1926 ; R . Taj ime, Nagoka's Anniv. VoL9 413 , 1925 ; 
Japan. Journ. Phys., 4 . 23 , 1925 ; K . Iok ibe a n d S. Saka i , Proc. Phys. Math. Soc. Japan, (3), 2 . 
93, 1920 ; Science Rep. Tohohu Univ., 10. 1, 1921 ; Phil. Mag., (6), 42. 397, 1921 ; E . E d w a r d s , 
I . Bowen a n d S. Al ty , ib., (7), 2. 321 , 1926 ; G. S u b r a h m a n i a m , ib., (7), 1. 1074, 1926 ; M. Grube , 
Zeit. Oes. Giessereipr., 47. 173, 1926 ; Chim. Ind., 18. 68, 1927 ; F . von Goler a n d G. Sachs, Zeit. 
Metallhunde, 19. 410, 1927 ; C. H . Jones , Chern. Met. Engg., 22. 9, 1920 ; P . W . Br idgman , Proc. 
Amer. Acad., 64. 39, 1929 ; J . C. Slater , Phys. Rev., (2), 36. 57, 1930 ; J . P in t sch , German Pat., 
D.R.P. 291994, 1914 ; H . Schonborn, Zeit. Physih, 8. 377, 1922 ; S. J . Wr igh t , Proc. Roy. Soc, 
126. A9 613, 1930 ; W. G. Bugers , Zeit. Physih, 58. 11 , 1929 ; T. Fu j iwara , Mem. Coll. Kyoto, 13. 
109, 149, 1930 ; R . E . Mehl, Journ. Amer. Chem. Soc, 52. 534, 1930. 

8 W . Widder , Phys. Zeit., 26. 618, 1925 ; C. G. F ink , Trans. Amer. Electrochem. Soc, 17. 
229, 1910 ; Met. Chem. Engg., 8. 341 , 1 9 1 0 ; Chem. News, 104. 34, 1911 ; Journ. Ind. Eng. 
Chem., 5. 8, 1913 ; D . W . Berl in, Journ. Iron Steel Inst.—Carnegie Mem., 13 . 167, 1924 ; 
I . Langmui r , Gen. Elect. Rev., 19. 211 , 1916 ; Phys. Rev., (2), 7. 302, 1916 ; A . G. Wor th ing , ib., 
(2), 4 . 535, 1914 ; (2), 10. 638, 1917 ; Bull. NeIa Research Lab., 1. 338, 1922 ; Journ. Franklin 
Inst., 181. 857, 1916 ; F . S. Goucher, Phil. Mag., (6), 48. 229, 1924 ; J . Disch, Zeit. Physih, 5 . 
173, 1921 ; P . H idne r t and W . T . Sweeney, Thermal Expansion of Tungsten, Washing ton , 1925 ; 
Scient. Papers Bur. Standards, 20 . 483, 1925 ; Phys. Rev., (2), 27. 519, 1926 ; H . L . Dodge, ib., 
(2), 11. 311, 1 9 1 8 ; C. J . Smithells , Tungsten, London , 54, 115, 1926 ; K . Becker, Naturwiss., 
14. 1036, 1926 ; Zeit. Physih, 40 . 37, 1926 ; W . D . Coolidge, Trans. Amer. Inst. Elect. Eng.9 31. 
870, 1912 ; S. Weber , Ann. Physih, (4), 54. 165, 1917 ; T . B a r r a t t and R . M. Win te r , ib., (4), 77. 
1, 1925 ; Proc. Phys. Soc, 26. 347, 1914 ; C. Zwikker a n d G. Schmidt , Physica,, 8. 329, 1928 ; 
C. Zwikker, Arch. *N6erl„ (3), 9. 207, 1925 ; Versl. Ahad. Amsterdam, 34. 468, 1925 ; 36. 856, 
1 9 2 7 ; Proc Acad. Amsterdam, 28. 498, 1 9 2 5 ; H . L . Dodge, Phys. Rev., (2), 11. 311, 1 9 1 8 ; 
E . Griineisen and E , Goens, Zeit. Physih, 44 . 615, 1927. 

* H . V. Regnau l t , Ann. Chim. Phys., (2), 73. 48 , 1840 ; (3), 63. 23, 1861 ; Bull. Soc. Chim., 
(1), 4 . 83, 1862 ; P . Debye , Phys. Zeit., 18. 483, 1917 ; J . Dewar , Proc Roy. Soc, 89. A, 158, 
1913 ; P . Nordmeyer and A. L . Bernoull i , Ber. deut. phys. Ges., 5 . 175, 1907 ; Verh. deut. phys. 
Ges., 9. 175, 1907 ; M. von Pi ran i , ib., 14. 1037, 1912 ; A . W . Grodspeed a n d E . F . Smi th , Zeit. 
anorg. Chem., 8. 207, 1895 ; L. Weiss, ib., 65. 334, 1910 ; J . Maydel , ib., 178. 113, 1929 ; 186. 289, 
1930 ; W. Geiss a n d J . A. M. v a n L iempt , ib., 171. 317, 1928 ; H . Mache, Sitzber. Ahad. Wien, 106. 
590, 1897 ; E . Defacqz and M. Guichard, Ann. Chim. Phys., (7), 24. 139, 19Ol ; K . K. Smi th and 
L. I . Bockstahler , Proc. Nat. Acad., 10. 386, 1924 ; L. I . Bockstahler , Phys. Rev., (2), 25 . 677, 
1925 ; K . K . Smi th a n d P . W. Bigler, ib., (2), 19. 268, 1922 ; P . F . Gaehr, ib., (2), 12. 396, 1918 ; 
(2), 20. 375, 1922 ; A. G. Wor th ing , ib., (2), 12. 199, 1918 ; Bull. NeIa Research Lab., 1. 349, 1922 ; 
Franklin Inst., 185. 707, 1918 ; F . Lange , Zeit. phys. Chem. 110. 343, 1924 ; F . M. J a g c r and 
E . Rosenbohm, Versl. Ahad. Amsterdam, 30. 763, 1927 ; Proc. Ahad. Amsterdam,, 30. 1069, 1927 ; 
33. 457, 1930; Rec Trav. Chim. Pays-Bas, 47 . 513, 1928 ; W. M. Lat imer , Journ. Amer. Chem. 
Soc, 44. 2136, 1922 ; G. N . !Lewis, G. E . Gibson a n d W. M. La t imer , ib., 44. 1008, 1 9 2 2 ; 
E . D . E a s t m a n , ib., 45 . 80, 1923 ; E . D . E a s t m a n , A. M. Will iams a n d T . F . Young , ib., 46. 
1184, 1924 ; E . Griineisen, Ann. Physih, (4), 26. 211 , 1908 ; A. Magnus and H . Danz , ib., (4), 
81. 407, 1926 ; A. Magnus and H . Ho lzmann , ib., (4), 35. 585, 1929 ; (5), 3 . 585, 1929 ; 
IT. Holzmann , Untersuchungen uber die spezifischen Wdrmen von Tantal, Wolfram und Beryllium 
zwischen 100°—900° C, Leipzig, 1929 ; H . Danz , Die spezifische Wdrme von Wolfram, Bor, 
Borstichstoff und Berylliumoxyd, Leipzig, 1926 ; F . Wiist , A. Meuthen a n d R . Dur re r , Ver. 
deut. Ing. Forschungsarb., 204, 1918 ; H . A. Jones and I . Langmui r , Gen. Elect. Rev., 30. 31O, 344, 
1927 ; H . A. Jones , I . Langmui r and G. M. J . McKay, Phys. Rev., (2), 30. 201, 1927 ; O. M. Cor-
bino, AtIi Accad. Lincei, (5), 21. 1, 181, 346, 1912 ; Phys. Zeit., 11. 413, 1910 ; 13. 375, 1912 ; 
H . Hunke l , ib., 12. 252, 1923 ; C. Zwikker , Zeit. Physih, 52. 668, 1929 ; C. Zwikker a n d G. Schmid t , 
Physica, 8. 329, 1928. 

6 C. W. Siemens and A. K . H u n t i n g t o n , Chem. News, 46. 163, 1882 ; H . Moissan, Ann. Chim. 
Phys., (7), 8. 57(), 1896 ; Le four Uectrique, Par i s , 229, 1897 ; London , 159, 1904 ; Compt. Rend., 
73. 13, 1872 ; 116. 1225, 1 8 9 3 ; 123. 13, 1896 ; L . Weiss, Zeit. anorg. Chem., 65. 334, 1910 ; 
E . Tiede a n d E . Birnbrauer , ib., 87. 129, 1914 ; W. Herz , ib., 94. 8, 1916 ; J. A . M. v a n L iempt , 
ib., 114. 105, 1920 ; M. von P i ran i a n d A. R . Meyer, Ber. deut. phys. Ges., 14. 426, 1912 ; M. von 
P i ran i , ib., 14. 426, 1912 ; Verh. deut. phys. Ges., 12. 301 , 1910 ; M. von P i r a n i and H . A l t e r thum, 
Zeit. Elehtrochem., 29. 5, 1923 ; E . L a x and M. P i r an i , Zeit. Physih, 22. 275, 1924 ; Allgemein© 
Elektrizitats-Gesellschaft , German Pat., D.R.P. 201567, 1907 ; M. A r n d t , ib., 235135, 1909 ; 
O. Ruff a n d O. Goecke, Ber., 43. 1564, 191O ; O. Ruff, Zeit. angew. Chem., 24. 2244, 1911 ; 25. 
1894, 1912 ; H . von War tenberg , ib., 24. 2243, 1911 ; Ber.p 40 . 3287, 1907 ; C. W . Wa idne r a n d 
G. K . Burgess, Bull. Bur. Standards, 2. 319, 1906 ; L'Electricien, (2), 34. 13, 1907 ; G. K . Burgess , 
Journ. Washington Acad., 1. 16, 1912 ; F . Henn ing a n d W . Heuse , Zeit. Physih, 16. 63 , 1923 ; 
B . Bruzs , Journ. Phys. Chem., 81. 681 , 1927 ; G. R . F o n d a , Phys. Rev., (2), 21 . 343, 1923 ; (2), 31 . 
260, 1928 ; A. G. Wor th ing , ib., (2), 7. 497, 1916 ; (2), 19. 383, 1922 ; (2), 25. 846, 1925 ; Zeit. 
Physih, 22. 9, 1924 ; Journ. Franklin Inst., 181. 417, 1916 ; A. G. Wor th ing a n d W. C. Baker , 
ib., 191. 833, 835, 1921 ; A. G. Wor th ing a n d W . E . Fo r sy the , Phys. Rev., (2), 18. 144, 1921 ; 
Astrophys. Journ., 61 . 146, 1925 ; I . Langmui r , Phys. Zeit., 14. 1273, 1913 ; Brit. Pat. No. 10918, 



TUNGSTEN 725 

1913 ; Phys. Rev., (2), 2. 329, 1912 ; (2), 4. 377, 1914 ; (2), 6. 138, 1915 ; Journ. Franklin Inst., 
180. 490, 1915 ; Journ. Amerm Chem. Soc, 35 . 931 , 1913 ; H . A. J o n e s a n d I . Langmui r , Gen. 
Elect, Rev., 3O. 310, 344, 1927 ; H . A. Jones , I . Langmui r a n d G. M. J- M a c K a y , Phys. Rev., (2), 
30. 201 , 1927 ; H . A. J o n e s , ib., (2), 28. 202, 1926 ; M. L . Phil l ips, ib., (2), 32. 832, 1928 ; 
M. R . Andrews, ib., (2), 33 . 454, 1929 ; W . R. Mot t , Trans. Amer. Electrochem. Soc, 34 . 255 , 1918 ; 
W . E . Fo r sy the , A Determination of the Melting Points of Tantalum and Tungsten, Ph i lade lphia , 
1911 ; Phys. Rev., (2), 19. 436, 1922; Astrophys. Journ., 34. 352, 1911 ; C. G. F i n k , Trans. Amer. 
Electrochem. Soc, 22. 499, 1912 ; Met. Chem. Engg., 8. 341 , 1910 ; Chem. News, 104. 34 , 1911 ; 
M. Delepine a n d L . A. Hal lopeau , Compt. Mend., 129. 600, 1899 ; M. Delepine, ib., 131 . 184, 1900 ; 
Bull. Soc. Chim., (3), 23. 675, 1900 ; G. N . Lewis, G. E . Gibson a n d W. M. La t imer , Journ. Amer. 
Chem. Soc., 44. 1008, 1922 ; E . D . E a s t m a n , ib., 45 . 80, 1923 ; W . H . Rodebush , ib., 45 . 997, 1923 ; 
J . E . Moose a n d S. W . P a r r , ib., 46. 2656, 1924 ; W . M. La t imer , ib., 34. 2136, 1922 ; R . C. To lman , 
ib., 42 . 1185, 1 9 2 0 ; E . D . E a s t m a n , A. M. Wil l iams a n d T. F . Young , ib., 46. 1185, 1 9 2 4 ; 
E . S. Mort imer , ib., 44. 1429, 1922 ; P . Win te rn i t z , Phys. Zeit., 15 . 397, 1914 ; W . G. Mixter , 
Amer. Journ. Science, (4), 26. 125, 1908 ; G. P . Luckey , Electrician, 77 . 947, 1916 ; Journ. Franklin 
Inst., 182. 407, 1 9 1 6 ; Phys. Rev., (2), 9. 129, 1 9 1 7 ; Bull. NeIa Research Lab., 1. 341 , 1 9 2 2 ; 
C. Zwikker , Arch. Neerl., (3), 9. 207, 1925 ; Versl. Akad. Amsterdam,, 34. 468, 1925 ; 35 . 336, 1926 ; 
Proc. Acad. Amsterdam, 28. 498, 1925 ; 29. 792, 1926 ; 30. 853, 1927 ; R . I>avis and K . S. Gibson, 
Phys. Rev., (2), 29. 916, 1927 ; L . P . Sieg, ib., (2), 25 . 251 , 1925 ; J . A. M. v a n L iempt , Zeit. anorg. 
Chem., 129. 263, 1923 ; 189. 287, 1930 ; W . Herz , ib., 111. 116, 1928 ; 180. 284, 1929 ; E . Koref 
and H . Wolff, Zeit. Elektrochem., 28. 477, 1922 ; F . Wolfers, Radioelectriciti, 4 . 10, 22, 1923 ; 
L . H a m b u r g e r , G. Hois t , I>. LeIy a n d E . Oosterhuis , Proc. Acad. Amsterdam, 2 1 . 1078, 1919 ; 
E . Oosterhuis , Verh. Med. Nat. en Oeneesk. Congres, 16. 101, 1917 ; S. Weber , Danske Selsk. Medd., 
3 . 3 , 1920 ; P . Woog, Bull. Soc. Chirn., (4), 39. 1708, 1926 ; H . H u n k e l , Phys. Zeit., 24. 252, 1923 ; 
F . Simon, Zeit. phys. Chem., 110. 572, 1924 ; H . C. von Alphen , Ann. Physik, (4), 85 . 1058, 1928 ; 
R . K leeman , Journ. Phys. Chem., 3 1 . 1669, 1927 ; H . A l t e r t h u m , Zeit. tech. Phys., 9. 285, 1928 ; 
F . J . Wilkins, Nature, 125. 236, 1930. 

c E . L a x a n d M. P i r an i , Zeit. Physik, 22. 275, 1924 ; F . E . D ix a n d L . H . Rowse, Journ. 
Amer. Optical Soc, 14. 304, 1927 ; H . von War t enbe rg , Verh. deut. phys. Oes., 12 . 105, 129, 
1910 ; G. Hois t , E . L a x , E . Oosterhuis a n d M. Pi r in i , Zeit. tech. Phys., 9 . 186, 1928 ; A . Grau , 
EIeU. Masch., 25 . 295, 1907 ; W . W . Coblentz, Journ. Franklin Inst., 170. 169, 1910 ; Bull. 
Bur. Standards, 5. 372, 1909 ; Supplementary Investigations of Infra red Spectra, Wash ing ton , 
92, 1908 ; Phys. Rev., (1), 30 . 645. 1910 ; G. Jaffe, Ann. Physik, (4), 4 5 . 1217, 1915 ; W . Geiss, 
ib., (4), 79. 85 , 1926 ; H . C. von Alphen, ib., (4), 85, 1058, 1928 ; E . F u r t h m a n n , Ueber der Gesamb-
strahlung fester Korper, Dusseldorf, 1928 ; N . A. de Bruyne , Proc. Cambridge Phil. Soc, 25 . 
347, 1929 ; F . Kl. Moss a n d M. Luckiesh, Journ. Franklin Inst., 205. 565, 1928 ; J . T . L i t t l e ton , 
Phys. Rev., (1), 35 . 306, 1912 ; I . Langmui r , ib., (2), 6. 138, 1916 ; Phys. Zeit., 14. 1273, 1913 ; 
Journ. Amer. Chem. Soc, 35 . 105, 931 , 1913 ; I . Langmui r a n d G. M. J . Mackay , Zeit. Elektro­
chem., 20. 498, 1914 ; W . E . F o r s y t h e a n d F . Christ ison, Gen. Elect. Rev., 22. 662, 1929 ; W . E . For­
sy the , Phys. Rev., (2), 19. 436, 1922 ; A. G. W o r t h i n g a n d W . E . Fo r sy the , Astrophys. Journ., 6 1 . 
146, 1925 ; Journ. Franklin Inst., 199. 261 , 1925 ; Phys. Rev., (2), 18. 144, 1921 ; A. G. Wor th ing , 
ib., (2), 7. 497, 1916 ; (2), 10. 377, 1917 ; Journ. Amer. Opt. Soc, 13 . 635, 1926 ; Zeit. Physik, 
22 . 9, 1924 ; Proc Amer. Phys. Soc, 35 . 76, 1913 ; Journ. Amer. Opt. Soc, 13 . 635, 1926 ; Elect. 
Rev., 62. 706, 1913 ; H . A. J o n e s a n d I . Langmui r , Gen. Elect. Rev., 30. 310, 344, 1927 ; Journ. 
Franklin Inst., 181, 417, 857, 1916 ; E . O. Hu lbe r t , ib., 182. 695, 1916 ; E . P . H y d e , F . E . Cady 
a n d W. E . Fo r sy the , ib., 131. 418, 420, 1916 ; W . E . F o r s y t h e a n d E . M. W a t s o n , ib., 206. 535, 
1928 ; H . B . DorgeJo, Zeit. Physik, 36. 467, 1926 ; A. L . Hel lgot t , ib., 49. 555, 1928 ; C. J . Smithells , 
Tungsten, London , 103, 1926 ; B . P . D u d d i n g a n d C. J . Smithel ls , Beama, 1 3 . 221 , 1923 ; 
C. Zwikker , Arch. N6erl., (3), 9. 207, 1925 ; Versl. Akad. Amsterdam, 34. 468, 1925 ; 36 . 856, 
1927 ; Proc Acad. Amsterdam, 28. 498, 1925 ; R . E . ISTyswander, Phys. Rev., (1), 28 . 438, 1909 ; 
W. Weniger and A. H . Pfund, ib., (2), 14 . 427, 1919 ; H . A. J a m e s , ib., (2), 28 . 202, 1926 : 
B . E . Shackelford, ib., (2), 8. 470, 1916 ; A. H . Taylor , Journ. Franklin Inst., 203. 716, 1927 ; 
F . Henn ing , Jahrb. Rad. Elektron., 17. 3O, 1920 ; B . T. Barnes , Journ. Phys. Chem., 33 . 688, 1929 ; 
Phys. Rev., (2), 36. 1468, 1930 ; R . H a m e r , ib., (2), 26. 285, 1925 ; G. R i b a u d , Journ. Phys. Rad., 
(7), 1. 176, 1930. 

7 O. W . Richardson , The Emission of Electrons under the Influence of Chemical Action, London, 
1921 ; Phys. Zeit., 14 . 793, 1913 ; . Phil. Mag., (6), 26. 345, 1913 ; O. W . Richardson and 
F . S. Rober t son , ib., (6), 4 3 . 557, 1922 ; 3ST. A. de Bruyne , ib., (7), 5 . 574, 1928 ; S. C. Roy , ib., 
(6), 47 . 561 , 1924 ; Proc. Roy. Soc, 112. A, 599, 1926 ; R . H . Fowler , ib., 111. A, 549, 1928 ; 
R . S. Ba r t l e t t , ib., 121. A, 456, 1928 ; N . A. de Bruyne , ib., 120. A, 423, 1928 ; Proc Cambridge 
Phil. Soc, 26 . 347, 1929 : L . A . d u Bridge, Proc Nat. Acad., 14 . 788, 1928 ; A . H . Warner , ib., 
13 . 56, 1927 ; E . H . Hal l , ib., 15 . 126, 1929 ; H . JCluinb, Ueber den Einfluss der Gasbeladung auf 
lichtelektrische Empfindlichkeit der Metalle, Berlin, 1928 ; P . A. Ross , Journ. Amer. Opt. Soc, 16. 
375, 1 9 2 8 ; S. D u s h m a n , H . N . Rowe , J . E w a l d a n d C. A. Kidner , Phys. Rev., (2), 21. 207, 
1923 ; (2), 25 . 338, 1925 ; S. D u s h m a n a n d J . W. Ewa ld , Gen. Elect. Rev., 26. 154, 1923 ; 
JPAy*. Rev., (2), 20. 109, 1922 ; (2), 29. 857, 1927 ; S. D u s h m a n , D . Dennison and N. B . Reynolds , 
ib., (2), 29. 903, 1927 ; I . Langmui r , Phys. Zeit., 15 . 348, 516, 1914 ; Phys. Rev., (2), 20. 107, 1922 ; 
(2), 22. 357, 1923 ; R . J . Piersol, ib., (2), 3 1 . 441 , 1928 ; R . A. Millikan a n d C. C. Lauri tsen, ib., 
(2), 38. 598, 1929 ; L . P . Smi th , ib., (2), 33. 1082, 1929 ; H . L . v a n Velzer and W. R. H a m , ib., (2), 
88. 1083, 1929 ; W . H . Crew, ib., (2), 28. 1265, 1926 ; C. del Rosario, ib., (2), 28. 768, 1926 ; 



726 INORGANIC AND THEORETICAL CHEMISTRY 

H . E . P a r n s w o r t h , ib., (2), 25. 4 1 , 1925 ; W . K. H a m a n d M. W . W h i t e , ib., (2), 23 . 777, 1924 ; 
(2), 27. I l l , 510, 1926 ; L . H . Germer , ib., (2), 25. 795, 1925 ; C. O. Laur i t sen a n d S. S. Mackeown, 
ib.9 (2), 32. 326. 3 9 2 8 ; A. G. Wor th ing , ib., (2), 22. 9, 1924 ; Jo-urn. Amer. Opt. Soc, 13. 635, 
1926 ; Journ. Franklin Inst., 191. 837, 1921 ; F . E . Colpi t ts , ib., 206. 489, 1928 ; H . E . I v e s , ib., 
201. 47, 1 9 2 6 ; K . H . K ingdon , Phys. Rev., (2), 24. 5JO, 1924 ; J . M. Egl in , ib., (2), 31 . 1127, 
1928 ; I . Langmui r a n d K . H . K ingdon , ib., (2), 22. 148, 1923 ; JProc. Roy. Soc, 107. A , 6 1 , 1925 ; 
I . Langmui r , Journ. Ind. Eng. Chem., 212. 390, 1930 ; I . L a n g m u i r a n d D . S. Villars, Journ. 
Amer. Chem. Soc, 53. 486, 1931 ; K . K . Smi th , Proc Phys. Soc, 38. 1, 1925 ; Phil. Mag., (6), 29. 
802, 1915 ; H . H . Les ter , ib., (6), 31 . 197, 1916 ; P . K . Mitra , ib., (7), 5. 67, 1928 ; W . H i i t t e m a n n , 
Ann. Physik, (4>, 52. 816, 1917 : J . A. Becker , ib., (2), 27. 112, 811 , 1926 ; H . H u n k e l , Phys. Zeit., 
24. 252, 1923 ; R . H a m e r , Journ. Amer. Opt. Soc, 9. 251 , 1924 ; A . C. Davies a n d R . N . Moss, 
Phil. Mag., (7), 5 . 989, 1 9 2 8 ; C. J. Smithel ls , Journ. Ch*>m. Soc, 121. 2236, 1 9 2 2 ; Tungsten, 
London , 112, 1926 ; A . S. Cachemail le, Brit. Pat. No. 240560, 240909, 1924 ; Br i t i sh Thomson-
H o u s t o n Co. , 215348, 1924 ; C. Zwikker , Arch. Nderl., (3), 9. 207, 1925 ; Versl. Akad. Amsterdam, 
34. 468, 1925 ; 35. 336, 1926 ; Proc Acad. Amsterdam, 28. 498, 1925 ; 29. 792, 1926 ; 30 . 853, 
1927 ; H . E . Krefft , Ann. Phys., (4), 84. 639, 1927 ; Phys. Rev., (2), 29. 908, 1927 ; (2), 81 . 199, 
1928 ; A . T . W a t e r m a n , ib., (2), 24. 366, 1924 ; J . A. M. v a n L i e m p t , Nature, 115. 194, 1925 ; 
H . J o n e s a n d R . Whidd ing ton , Proc Leeds IAt. Phil. Soc, 1. 160, 1927 ; L . I . Bocks tahler , 
Phys. Rev., (2), 31 . 303, 1 9 2 8 ; J . A. Becker a n d D . W . Mueller, ib., (2), 31 . 308, 431 , 1928 ; 
H . N u k i y a m a a n d H . Hor ikawa , Tech. Pep. Tohoku Univ., 7. 49 , 1927 ; E . Lorenz, Proc. Nat. 
Acad., 14. 582, 1928 ; F . R o t h e r a n d E . Miinder, Phys. Zeit., 30. 65 , 1929 ; T. E . S te rn , B . S. Goss-
ling a n d R . H . Fowler , Proc Roy. Soc, 124. A, 699, 1929 ; S. K a l a n d y k , Journ. Phys. Rad., (6), 
10. 337, 1929 ; W . E . F o r s y t h e a n d E . M. W a t s o n , Journ. Franklin Inst., 206. 535, 1928 ; M. P i ran i 
a n d H . Schonborn , Naturwiss., 15. 767, 1927 ; E . Meyer, Ueber die Flektronen und positive 
Ionemission von Wolfram-, Molybdan-, und Tantalgluhfaden in Kaliunidarnpf, Berl in, 1930 ; 
Ann. Physik, (5), 4 . 557, 1930 ; E . Spiller, Zeit. Physik, 64. 39, 1930; G. P . Thomson , Proc Roy. 
Soc, 128. A , 649, 1930 ; G. E . Berger, Phys. Rev., (2), 34. 1566, 1929 ; K . S ix tus , Ann. Physik, 
(5), 3 . 1017, 1929; W . G. Burgers a n d 3. A. M. v a n L i e m p t , Zeit. anorg. Chem., 193. 144, 
1 9 3 0 ; W. B . !Nott ingham, Phys. Rev., (2), 36. 376, 1 9 3 0 ; W . H . B r a t t a i n , ib., (2), 3 5 . 
1431, 1 9 3 0 ; H . N . Kozanowsky , ib., (2), 35 . 1430, 1 9 3 0 ; O. C. v a n Voorhis , ib., (2), 29. 318, 
1927 ; C. C. v a n Voorhis a n d K . T. Compton , ib., (2), 36. 1435, 1930 ; Proc Nat. Acad., 13 . 
336, 1927. 

8 W . A. J e n k i n s , Phil. Mag., (6), 47. 1025, 1924 ; P . K . Mit ra , ib., (6), 5 . 67, 1928 ; 
R . H . Whidd ing ton , ib.. (6), 43 . U 16, 1922 ; J . F . Congdon, ib., (4), 47. 458, 1924 ; C. K.enty a n d 
L . A. Turner , Nature, 120. 332, 1927 ; Phys. Rev., (2), 29. 914. 1927 ; R . L . K e n w o r t h y , ib., (2), 
27. 112, 1926 ; O. S t u h l m a n , ib., (2), 23 . 296, 1924 ; A. G. Wor th ing , ib., (2), 22. 9, 1924 ; Journ. 
Amer. Opt. Soc, 13 . 635 , 1926 ; Journ. Franklin Inst., 191. 837, 1921 ; S. C. R o y , Proc Roy. Soc, 
112. A, 599, 1926 ; H . K l u m b , Zeit. Physik, 47. 652, 1928 ; A. H . Warne r , Proc Nat. Acad., 13. 
56, 1927 ; W . de Groot , Physica, 5 . 121, 1925 ; T . H . Har r i son , Proc Phys. Soc, 38 . 214, 1926 ; 
R . L . P e t r y , Phys. Rev., (2), 28. 362, 1926 ; C. Dav i son a n d L . H . Germer , ib., (2), 19. 439, 1922 ; 
(2), 20. 300, 1922 ; (2), 30. 634, 1927 ; B . E . F a r n s w o r t h , ib., (2), 25. 4 1 , 1925 ; R . H a m e r , i6. , (2), 
20. 198, 1922 ; C. C. Laur i t sen a n d S. S. Mackeown, ib., (2), 32. 326, 1928 ; L . P . Smi th , ib., (2), 33 . 
279, 1929 ; (2), 34. 1496, 1929 ; (2), 35 . 381 , 1930 ; A. C. iDavies and R . INT. Moss, Phil. Mag., (7), 
5. 989, 1928 ; M. P i ran i a n d H . Schonborn , Naturwiss., 15. 767, 1927 ; H . B . Wahl in , Nature, 
123. 912, 1 9 2 9 ; Phys. Rev., (2), 35 . 653, 1 9 3 0 ; E . T. S. Appleyard , Proc Roy. Soc, 128. 
A, 330, 1 9 3 0 ; E . Meyer, Ann. Physik, (5), 4 . 357, 193O ; Ueber die Flektronen- und 
positive Ionemission von Wolfram-, Molybdan-, und Tantalgluhfaden in Kaliumdampf, Berl in , 
193O; N . B . Revno lds , Phys. Rev., (2), 35. 158, 1930; S. K a l a n d y k , Journ. Phys. Rad., (6), 
10. 337, 1929. 

9 W . A . Miller, Phil. Trans., 152. 861 , 1862 ; R . Tha len , Om spectralanalys, Upsa la , 1866 ; 
Nova Acta Upsala, (3), 6. 9, 1868 ; Ann. Chim. Phys., (4), 18. 262, 1869 ; J . N . Lockyer , Proc. 
Roy. Soc, 43 . 117, 1887 ; Phil. Trans., 178. 561 , 1881 ; V. S c h u m a n n , Phot. Rund., 41 . 71 , 1890 ; 
E . D e m a r c a y , Spectres electriques, Pa r i s , 1895 ; F . E x n e r a n d E . Haschek , Die Spectren der 
Flemente bei normalen Druck, Leipzig, 1912 ; Wellenldngentabellen fttr spectralanalytische Unler-
suchungen auf Orund der ultravioletten Funkenspectren der Klemente, Leipzig, 1902 ; Wellen­
ldngentabellen fur spectralanalytische Untersuchungen auf Orund der ultravioletten Rogenspectren der 
Elemente, Leipzig, 1904 ; Sitzber. Akad. Wien, 104. 909, 1895 ; 105. 389, 1896 ; 106. 36, 1897 ; 
J. M. E d e r a n d E . Valenta , ib., 118. 1077, 1909 ; 119. 519, 1910 ; Atlas typischer Spectren, Wien , 
1911 ; H . R.ayser, Handbuch der Spectroscopic, Leipzig, 6. 787, 1912 ; H . A. R o w l a n d , Preliminary 
Table of Solar Spectrum Wave-lengths, Chicago, 1898 ; A . H a g e n b a c h a n d H . KLonen, Atlas der 
Emissionsspectra, J e n a , 1905 ; O. Lohse, Pub. Astrophys. Obs. Potsdam, 12 . 109, 1902 : W . J. H u m ­
phreys , Aslrophys. Journ., 6. 169, 1897 ; 26. 18, 1907 ; P . G. N u t t i n g , ib., 23 . 64, 1906 ; C. B . Hassel-
berg , Svensha Akad. Handl., 38 . 5, 1904 ; F . E . B a x a n d a l l , Researches on the Chemical Origin of 
various Lines in Solar and Stellar Spectra, London , 1910 ; R . J a c k , Zeemaneffect an Wolfram, und 
Molybdan, Go t t ingen , 1908 ; Ann. Physik, (4), 28 . 1032, 1909 ; Proc. Roy. Soc. Edin., 29 . 75, 
1909 ; A . G. G. Leona rd , Proc Roy. Soc. Dublin, (3), 11 . 270, 1908 ; J. H . Pol lok, ib., (2), 10 . 
185, 1907 ; J. S tock, Phys. ZeU., 10. 694, 1909 ; H . W . Vogel, Prahtische Spektralanalyse irdischer 
Stqffe, Ber l in , 1889 ; P . Zeeman , Arch. N6erl., (3), 13 . 260, 1908 ; G. P . Luokey , Phys. Met?., (2), 9. 
129, 1917 ; O. L a p o r t e , Naturwiss., 13 . 627, 1925 ; Phys. Rev., <2), 26. 886, 1925 ; E . O . H u l b e r t , 
ib., (2), 24« 129, 1 9 2 4 ; (2), 26. 888, 1925 ; A . G. W o r t h i n g a n d R . R u d y , ib., (2), 28 . 767, 1924 ; 



TUNGSTEN 727 

C- Horne r , diem. News, 29* 66, 1874 ; A . W . Hul l , Gen. Elect. Rev., 19. 603, 1916 ; J . F o r m a n e k , 
Die qualitative Spektralanalyse anorganischer und organischer JKorper, Berl in, 155, 1905 ; A . de 
G r a m o n t , Compt. Rend., 171. 1106, 1916 ; M. Bayen , ib., 180. 57, 1925 ; L . a n d E . Bloch, ib., 
180. 133, 1925 ; Journ. Phys. Rod., 6. 105, 1925 ; C. C. Kiess a n d W . F . Meggers, Bull. Bur. 
Standards, 16. 5 1 , 1920 ; M. Belke , Das Rogenspeklrwm des Wolframs* Leipzig, 1917 ; Zeit. unss. 
Photochem., 17. 132, 145, 1917 ; H . B . L e m o n , Nature, 115. 802, 1925 ; H . B . Dorgelo , Zeit. 
Physik, 36. 467, 1926 ; H . Beining, ib., 42 . 146, 1927 ; W . H . Fulweiler a n d J . Barnes , Journ. 
Franklin TnH., 194. 83 , 1 9 2 2 ; M. Luckiesh , ib., 185. 552, 1 9 1 8 ; Bull. NeIa Research Lab., 1. 
492, 1922 ; E . Pau l son , Beitrdge zur Kenntnis der Linenspectren, L u n d , 1914 ; Arsschrift Lund. 
Univ., (2), 10. 12, 1914 ; A. Sellerio, Nuovo Cimenlo, (6), 25 . 69, 1923 ; C. Porlezza a n d A. D o n a t i , 
Ann. Chim. Applicata, 17. 14, 1927 ; J . C. McLennan , A. B . McLay and I I . O. Smi th , JProc. Roy. 
Soc, 112. A, 76, 1926 ; S. Smi th , JProc. Nat. Acad., 10. 4, 1924 ; Astrophys. Journ., 6 1 . 186, 1925 ; 
E . J . AlHn a n d H . J . C. I r e ton , Trans. Roy. Soc. Canada, (3), 2 1 . 127, 1927 ; E . J . Allin, ib., (3), 
2 1 . 231 , 1927 ; T. Aden , Die Aenderungen der Absorplionsspektren in sichtbaren und ultravioletten 
Oebiet bei Aggregationen in Losungen schwacher anorganischer Sauren tind ihrer Baize, Got t ingen , 
1929 ; W. E . For«y the and F . Christ ison, Journ. Artier. Opt. Soc, 20. 396, 1930 ; W. E . Forsyth© 
a n d M. K. Easley, Phys. Rev., (2), 36. 150, 1930. 

1 0 P . Gi inther , Naturwiss., 14. 1113, 1926 ; M. de Broglie, Cotnpt. Rend., 157. 1413, 1913 ; 
158. 117, 1 9 1 3 ; 162. 596, 1 9 1 6 ; 169. 962, 1 9 1 9 ; 170. 248, 1053, 1 9 2 0 ; A. Uauvill ier, ib., 72 . 
915, 1921 ; 173. 647, 1921 ; 182. 927, 1 9 2 6 ; 183. 193, 1 9 2 6 ; V. Posejpal , ib., 182. 272, 767, 
1926 ; P . Auger , ib., 186. 785, 1928 ; K. L e d o u x - L c b a r d a n d A. Dauvil l ier , ib., 163. 574, 1917 ; 
164. 687, 1917 ; Le physique des rayons-X, Pa r i s , 1921 ; G. Rechou , Cotnpt. Rend., 180. 1107, 
1925 ; J . Herweg , Verh. deut. phys. Gas., 16. 73, 1914 ; W . E h r e n b e r g a n d H . Mark , Zeit. Physik, 
42 . 807, 1927 ; W . E h r e n b e r g a n d G. v o m Suaich, ib.y 42 . 823, 1927 ; J. Barnes , Phil. Mag., (6), 
30. 368, 1915 ; H . G. J . Moseley, ib., (6), 27 . 703, 1914 ; B . Whidd ing ton , ib., (6), 43 . 116, 1922 ; 
C. 13. Niven, ib., (7), 3 . 1314, 1927 ; M. Siegbahn, ib., (6), 38. 639, 1919 ; Zeit. Physik, 5O. 443 , 
1928 ; Jahrb. Rad. Elektron., 18. 240, 1921 ; Phys. Zeit., 20. 533, 1919 ; A. Jonsson , ib., 43 . 845, 
1927 ; M. Siegbahn a n d E . F r i m a n , Ann. Physik, (4), 49. 616, 1916 ; Zeit. Physik, 39. 813, 1926 ; 
A. H . Compton , Phys. Rev., (2), 7. 496, 646, 1916 ; J. M. Cork, ib., (2), 2 1 . 326, 1923 ; (2), 25 . 197, 
1925 ; W. S. Gor ton , ib., (2), 7. 203, 1916 ; W. D u a n e a n d W . S tens t rom, ib., (2), 15 . 328, 1920 ; 
Proc. Nat. Acad., 6. 477, 1 9 2 0 ; W . D u a n e , H . F r icke a n d W . S tens t rom, ib., 6. 6 0 7 , 1 9 2 0 ; 
W. D u a n e a n d T. Shimizu, Phys. Rev., (2), 14. 522, 1919 ; W . D u a n e a n d R . A. Pa t t e r son , ib., 
(2), 16. 526, 1920 ; Proc. Nat. Acad., 6. 509, 1920 ; A. W . Hu l l a n d M. Rice, ib., 2. 2S5, 1916 ; 
A. W. Hul l , Gen. Elect. Rev., 19. 603, 1916 ; E . Dershem, Proc. Iowa Acad., 23 . 191, 1916 ; Phys. 
Rev., (2), 1 1 . 244, 461 , 1918 ; R . V. Zumste in , ib., (2), 25 . 106, 747, 1925 ; O. B . Overn, ib., (2), 
14. 137, 1 9 1 9 ; IX Coster, Phil. Mag., (6), 43 . 1070, 1 9 2 2 ; Zeit. Physik, 4 . 178, 1921 ; 6. 185, 
1921 ; Phys. Rev., (2), 18 . 218, 1921 ; (2), 19. 20, 1922 ; J . E . Mack and J . M. Cork, ib.. (2), 30. 
741 , 1927 ; B . R. S tephenson and J. M. Cork, ib., (2), 27. 138, 1926 ; P . K i r k p a t r i c k a n d I . Miyake, 
Proc. Nat. Acad., 15 . 418, 1929 ; Phys. Rev., (2), 3 3 . 268, 1929 ; E . C. W a t s o n a n d J . A. van der 
Akker , ib., (2), 34. 347, 1929 ; F . K . R i e h t m y e r , ib., (2), 27- 1, 1926 ; P . A. Ross , ib., (2), 
26. 281 , 1926 ; S. K . Allison a n d A. H . Arms t rong , ib., (2), 26. 714, 1925 ; Proc. Nat. Acad., 1 1 . 
536, 1925 ; S. K . Allison a n d W . D u a n e , ib., 1 1 . 25 , 1925 ; M. Thorseus, Zeit. Physik, 26 . 396, 
1924 ; E . H ja lmar , Phys. Zeit., 3 . 262, 192O ; 15 . 65 , 1923 ; E . F r i m a n , Zeit. Physik, 39. 813. 
1 9 2 6 ; G. Wentze l , Natururiss., 10. 369, 1 9 2 2 ; A. Bouwers , Physica, 5 . 8, 1 9 2 5 ; A. Smeka l , 
Sitzber. Akad. Wien, 13O. 25 , 1911 : Zeit. Physik, 5 . 9 1 , 1921 ; A. Leide, ib., 39 . 686, 1 9 2 6 ; 
C. B . Bozzani a n d C. T . Chu, Journ. Franklin Inst., 197. 183, 1924 ; C. T . Chu, Phys. Rev., (2), 2 3 . 
551 , 1924 ; (2), 27. 528, 1926 ; J . A. Becker , ib., (2), 24 . 478 , 1924 ; C. B . Crofut t , Proc. Iowa 
Acad., 28 . 117, 1921 ; Phys. Rev., (2), 2 3 . 105, 1924 ; (2), 24 . 9, 1924 ; (2), 27. 243, 538, 1926 ; 
M. C. Magar ian , ib., (2), 26 . 282, 1925 ; K.. T . Compton and C. H . T h o m a s , ib., (2>, 2 8 . 6Ol, 1926 ; 
F . C. H o y t , ib., (2), 18 . 333, 1921 ; H . P u r k s , ib., (2), 3 1 . 931 , 1928 ; F . L . H u n t , ib., (2), 30 . 227, 
1927 ; H . H i r a t a , Proc. Roy. Soc, 105. A . 40, 1924 ; O. S tuh ln ian , Journ. Elisha Mitchell Soc, 4 1 . 

.20, 1925 ; Phys. Rev., (2), 2 3 . 296, 1924 ; J . S. Rogers , Proc. Cambridge Phil. Soc, 2 1 . 430, 1923 ; 
B . Wal te r , Zeit. Physik, 20 . 257, 1924 ; 3O. 357, 1924 ; H . B r a u n s , Zeit. miss. Photochem.. 2 5 . 
325, 1898 ; W . Kerz , Zeit. anorg. Chem., 111. 116, 1928 ; J . H . v a n dor T u u k , Zeit. Physik, 44 . 
737, 1927 ; A. E . v a n Arkel a n d W . G. Burgers , ib., 48 . 69O, 1928 ; IC. C. Mazumder , ib., 46 . 449, 
1927 ; E . Lorenz , ib., 5 1 . 76, 1928 ; Proc Nat. Acad., 14. 582, 1928 ; S. Ide i , Nature, 123. 643, 
1929 ; E . L indberg , Zeit. Physik, 50 . 82, 1928 ; 54 . 632, 1929 ; H . R . Robinson and C. L . Young, 
Nature, 128. 203, 1929 ; H . R . Robinson , Phil. Mag., (6), 50. 241 , 1925 ; B . B . R a y , ib., (6), 48 . 
707, 1924 ; R . Nishina , ib., (6), 49. 521 , 1925 ; J . T h i b a u d a n d A. Sol lan , Journ. Phys. Rad., (6), 
8. 484, 1927 ; U. Yosh ida a n d S. T a n a k a , Mem. Coll. Kyoto, 5 . 173, 1922 ; K . Molin, Arkiv Mat. 
Astron. Fysik, 2 1 . 1, 1 9 2 9 ; R . Ber thold , Ann. Physik, (4), 76 . 409, 1925 ; W . H . Love, Med. 
Journ. Australia, 2 . 246, 1929 ; J . Zahradnicek , Zeit. Physik, 6O. 712, 193O ; A. Sands t rom, ib., 
6 5 . 632, 193O ; L . Y . F a u s t , Phys. Rev., (2), 36. 161, 1930 ; C. Agte and K . Becker, Zeit. tech. 
Phys., 11 . 107, 1930 ; S. Ide i , Science Rep. Tohoku Univ., 19. 559, 1930. 

1 1 A . Bouwers , Physica, 8. 5, 1925 ; T . E . Auren , Phil. Mag., (6), 33 . 471 , 1917 ; R . Whidding­
ton , ib., (6), 4 3 . 1116, 1922 ; R . A . Hous toun , ib., (7), 2 . 512, 1926 ; W . H . Ro the ry , ib., (7), 9. 
65 , 1929 ; L . M. Alexander , ib., (7), 4 . 670, 1927 ; A . H . Warne r , Phys. Rev., (2), 32. 326, 1928 ; 
(2), 88L 815, 1929 ; F . K . R i e h t m y e r , ib., (1), 6. 65 , 1915 ; F . W . W a r b u r t o n and F . K. R ieh tmyer , 
ib., (2), 2SL 291 , 1924 ; J . Lifschitz, Proc. Acad. Amsterdam, 26. 561 , 1923 ; P . A. Ross, Proc Nat. 
Acad., 11 . 567, 1925 ; G. H a g e n , Ann. Physik, (4), 78 . 407, 1925 ; F . Kirchner , ib., (4), 78. 421 , 



728 INORGANIC AND THEORETICAL CHEMISTRY 

1925 ; D . NasledofF a n d P . Sha ravsky , Rhys. ZeIU9 28. 549, 1927 ; C. J . Smithel ls a n d 
H . P . Rooksby , Journ. Chem. Soc9 1882, 1927 ; A. Jonsson , Ze.it. Rhysik, 86. 426, 1926 ; J . H . v a n 
de r T u u k , ib., 44 . 737, 1927 ; S. J . M. Allen, Rhys. Rev., (2), 24 . 1, 1924 ; (2), 27. 267, 1926 ; (2), 
28. 907, 1926 ; A. H . Compton a n d A. W . Simon, ib., <2), 26. 289, 1925 ; J . C. Boyoe, ib.9 (2), 28 . 
575, 1924 ; K . T. Compton a n d C. H . T h o m a s , ib., (2), 28. 601 , 1926 ; R . B . J o n e s , ib.9 (2), 84. 
227, 1929 ; J . A. Becker , ib.9 (2), 24. 478, 1924 ; S. IC. Allison a n d W . D u a n e , ib., (2), 26 . SOO, 
1925 ; C. B . Bozzani a n d C. T . Chu, Journ. Franklin Inst., 197. 183, 1924 ; G. K i r sch a n d 
H . Pe t te r sson , Sitzber. Akad. Wien, 134, 4 9 1 , 1925 ; W . G. Guy, Abstract Theses Univ. Chicago, 4 . 
87, 1926 ; R . T . Xhifford, Journ. Amer. Opt. Soc, 18. 17, 1929 ; G. L . Clark a n d W . D u a n e , Rroc 
Nat. Acad., 10. 92, 1924 ; V. Posejpal , Compt. Mend., 182. 767, 1926 ; M. de Broglie, ib., 174. 939, 
1922 ; H . R . Rob inson a n d A. M. Cassie, Rroc Roy. Soc, 113. A, 282, 1926 ; H . R . Rob inson , ib., 
104. A, 455, 1923 ; O. W. R icha rdson a n d F . C. Chalklin, ib.9110. A, 247, 1926 ; O. W . R icha rdson 
a n d F . S. Rober t son , ib., 115. A , 280, 1927 ; 124. A, 188, 1929 ; O. W . R icha rdson a n d S. R . RIao, 
ib., 128. A, 16, 1930 ; G. P . Thompson , ib., 125. A, 352, 1929 ; XJ. N a k a y a , ib., 124. A, 616, 1929 ; 
G. B . B a n d o p a d h y a y a , ib., 120. A , 46, 1928 ; R . H a m e r , Journ. Amer. Opt. Soc, 9. 2 5 1 , 1924 ; 
L . P . Dav i s , ib., 124. A, 268, 1929 ; J . K . Robe r t s , Rroc. Roy. Soc, 129. A, 146, 193O ; 
G. I . Pokrovsky , Zeit. Rhysik, 6 3 . 561 , 1930 ; R . S u h r m a n n a n d F . Breyer , Rhys. Zeit., 31 . 823 , 
1930 ; E . O. Lawrence a n d L. B . Linford, Rhys. Rev., (2), 35 , 1492, 1930 ; (2), 36. 482, 1930; 
A. Claassen, RhU. Mag., (7), 9. 57, 1 9 3 0 ; T . Pavol in i , Ind. Chimica, 5 . 1107, 1 9 3 0 ; C. C. v a n 
Voorhis a n d K , T , Comps ton , Rhys. Rev.t (2), 36. 1435, 1930; N . Kobosofi a n d N . I . Ne-
brassoff, Zeit. Elektrochem., 36. 529, 1930. 

1 2 J . T s u k a m o t o , Nagoka's Anniv. Vol., 409, 1925 ; O. Feussner , Zeit. Rhysik, 2 5 . 215, 1924 ; 
O. Ruff, Zeit. angeuj. Chem., 25 . 1889, 1 9 1 2 ; M. von P i r a n i a n d G. Wangenhe im, Zeit. tech. 
Rhys., 6. 358, 1925 ; A . I>enissov, ib., 10 . 168, 1929 ; R . Becker a n d F . B o r n , ib., 6. 356, 1925 ; 
W . G. Guy , Abstract Theses Univ. Chicago, 4 . 87, 1926 ; P . K a p i t z a , Rroc Roy. Soc, 105. A, 691 , 
1924 ; 106. A, 602, 1924 ; 115. A , 658, 1927 ; 119. A, 358, 1928 ; 123 . A, 292, 342, 1929 ; M. von 
P i r a n i , Verh. deut. phys. Ges., 12. 3 0 i ; 1910 ; Rhys. Zeit., 13. 753, 1912 ; B . B e c k m a n , ib., 18. 507, 
1917 ; P . E . Shaw a n d C. S. J e x , Rroc Roy. Soc, 118. A, 97, 1928 ; C. G. F i n k , Trans. Amer. 
Electrochem. Soc, 17. 229, 191O ; Met. Chem. Engg., 8. 341 , 191O ; Chem. Ne<ws, 104. 34 , 1911 ; 
H . Pecheux , Compt. Rend., 167. 487, 1918 ; W. IX Coolidge, Trans. Amer. Inst. Elect. Eng., 29 . 
961, 191O ; J . H . Dellinger, Journ. Franklin Inst., 170. 173, IOIO ; S. Weber , Ann. Rhysik, (4), 
5 4 . 1 6 5 , 1 9 1 7 ; L.. Holborn , ib., (4), 59. 145, 1919 ; Zeit. Elektrochem., 25 . 334, 1919 ; Zeit. Rhysik, 
8. 58 , 1922 ; O. M. Corbino, Rhys. Zeit., 11 . 413, 1910 ; 13 . 375, 1912 ; AUi Accad. Lincei, (5), 
2 1 . 1 , 1 8 8 , 1 9 1 2 ; A. A. Somervil le , Rhys. Rev., (1), 30. 368, 532, 1910 ; (1), 3 1 . 261 , 1911 ; I . Lang -
mui r , ib., (2), 7. 302, 1916 ; H . A. Jones , ib., (2), 28. 202, 1926 ; A. G. Wor th ing , Elect. World, 
5 9 . 861 , 1912 ; Rhys. Rev., (1), 34 . 152, 1912 ; (2), 5 . 445, 1915 ; (2), 12. 144, 1918 ; (2), 28 . 190, 
1926 ; W . E . F o r s y t h e a n d A. G. Wo r th in g , Astrophys. Journ., 61 . 146, 1925 ; Rhys. Rev., (2), 
18. 144, 1921 ; A. T . W a t e r m a n , ib., (2), 22 . 259, 1923 ; RhU. Mag., (7), 6. 965 , 1928 ; 
W. W . Coblentz, Bull. Bur. Standards, 6. 109, 1909 ; A. Muller, Zeit. angew. Chem., 27. 545, 1914 ; 
E . F . ISTorthrup, Met. Chem. Engg., 11 . 45 , 1913 ; Elect. World, 61. HO, 1913 ; J . W . Avery a n d 
C. J . Smithel ls , Rroc Rhys. Soc, 39. 85, 1926 ; T . J . Dil lon, ib., 4 1 . 546, 1929 ; H . E . Smi th , ib., 
38. 1, 1925 ; K . Kl. Smi th , Rhil. Mag., (6), 29. 802, 1915 ; W . Geiss, Ann. Rhysik, (4), 79 . 85 , 
1926 ; W . Geiss a n d J. A . M. v a n L i e m p t , Zeit. anorg. Chem., 148. 259, 1925 ; Zeit. Rhysik, 4 1 . 
867, 1927 ; Zeit. Metallkunde, 17. 194, 1925 ; A . Schulze, ib., 15 . 159, 1923 ; 16. 50, 1924 ; 
F . Koref, ib., 17. 213, 1925 ; H . A . J o n e s a n d I . L an g mu i r , Oen. Elect. Rev.. 30 . 310, 344, 1927 ; 
P . W . B r i d g m a n , Rroc Nat. Acad., 10. 411 , 1924 ; Rroc. Amer. Acad., 5 2 . 573, 1917 ; 5 8 . 166, 
1923 ; W . M. La t imer , Journ. Amer. Chem. Soc, 44 . 2136, 1922 ; C. Zwikker , Versl. Akad. 
Amsterdam, 84 . 468, 1925 ; Rroc Acad. Amsterdam, 28 . 498, 1925 ; Arch. N6erL, (3), 9. 207, 1925 ; 
S. Morugina , ZeAt. tech. Rhys., 7 . 486, 1926 ; G. BoreHus, Nature, 109. 613, 1922 ; Ann. Rhysik, 
(4), 68. 67, 1922 ; E . D . Wil l iamson, Journ. Franklin Inst., 193. 4 9 1 , 1922 ; S. Smi th , Astrophys. 
Journ., 61 . 186, 1925 ; Rroc Nat. Accad., 10. 4, 1924 ; K.. Ho jendah l , Rhil. Mag., (6), 48 . 349, 
1924 ; E . Giineisen a n d E . Goens, Zeit. Rhysik, 44 . 615, 1927 ; H. Rolnick, Rhys. Rev., (2), 36. 
506, 1 9 3 0 ; XJ. Fischer , Zeit. phys. Chem., 8. B , 207, 1 9 3 0 ; I . Langmui r , S. M a c L a n e a n d 
K . B . Blodget t , Rhys. Rev., (2), 35 . 478, 1930 ; J . C. McLennan , L . E . l l o w l e t t a n d J . O. Wilhe lm, 
Trans. Roy. Soc. Canada, (3), 23 . 287, 1930 ; H . K . Onnes a n d W . T u y n , Comm. Rhys. Eab. Leiden, 
Suppl . 68, 1 9 2 6 ; A. Giinther-Schulze, Ann. Rhysik, (4), 65 . 223 , 1 9 2 1 ; G. T a m m a n n a n d 
M. S t a u m a n i s , Zeit. anorg. Chem., 169. 365, 1928 ; I . L a n g m u i r a n d K . H . K i n g d o n , Rhys. Rev., 
(2), 84 . 129, 1929 ; W . E .̂ Reyno lds , ib., (2), 35 . 158, 1930 ; M. For ro a n d E . P a t a i , Zeit. 
Rhysik, 63 . 444 , 1930 ; R . Saxon , Chem. News, 132. 170, 1 9 2 6 ; W . R o h n , Zeit. Metallkunde, 
16. 297, 1924 ; E . B l u m e n t h a l , Ann. Rhysik, (5), 7 , 470, 1930. 

1 8 A . Thiel a n d W . H a m m e r s c h m i d t , Zeit. anorg. Chem., 132. 15, 1923 ; R . D . K l e e m a n a n d 
W . Freder ickson , Rhys. Retf., (2), 19. 409, 1923 ; I . L a n g m u i r and K . H . K i n g d o n , ib., (2), 84 . 
129, 1929 ; A . S. Russel l a n d S. W . Rowell , Journ. Chem. Soc, 1881, 1926 ; W . E . K.oerner, 
Met. Chem. Engg., 15 . 522, 1916 ; 16. 40, 1917 ; Trans. Amer. Electrochem. Soc, 80 . 222, 1916 ; 
3 1 . 2 2 1 , 1917 ; S. J . F r e n c h a n d L . Klahlenberg, ib., 54 . 163, 1928 ; A. F ischer , E . K . R i d e a l a n d 
A. R o d e r b u r g , Zeit. anorg. Chem., 81 . 170, 1916 ; A . R o d e r b u r g , Das elektrochemieche Verhalten 
des Wolframs, Aachen , 1912 ; O. W . R icha rdson a n d F . S. Robe r t son , Rhil. Mag., (6), 48. 162, 
1922 ; M . Ie Blano a n d H . G. Byers , Zeit. phys. Chem., 69 . 19, 1909 ; A . Coehn a n d O . Schaf-
meis ter , ib.p 126. 4 0 1 , 1927 ; E . Newbery , Journ. Chem. Soc, 109. 1066, 1916 ; W . do Groo t , 
Rhysica,5. 121, 234, 1925 ; W . M u t h m a n n , Zeit. Elektrochem., 10. 521 , 1904 ; W . M u t h m a n n and 

Ze.it


TUNGSTEN 729 

F . Fraunberger , Sitzber. Bayr. Akad., 201, 1 9 0 4 ; O. Sackur , Chem. Ztg., 28 . 954, 1904 ; 
E . S. Davenpor t , Trans. Amer. Inst. Min. Eng. Metals Div., 413, 434, 1927 ; M. Kata l in ic , Zeit. 
Physik, 14. 14, 1923 ; R . Saxon, Chem. News, 132. 170, 1926 ; W. Wehrl i , Zeit. Physik, 44. 301 , 
1927 ; L,. W. Wal te r , Journ. Inst. Elect. Eng., (2), 43. 547, 1908 ; (2), 44. 373 , 1909 ; Electrician, 
6 3 . 991, 1909 ; S. Duahman , Oen. Elect. Rev., 18 . 156, 1915 ; G. S. Meikle, ib., 19 . 297, 1916 ; 
R . E . Russell , ib., 20. 209, 1917 ; E . Blechschmidt , Ann. Physik, (4), 8 1 . 999, 1926 ; A. T-. Clark, 
Trans. Roy. Soc. Canada, (3), 18 . 275, 1 9 2 4 ; J . Taylor , Proc. Roy. Soc, 114. A, 73, 1 9 2 7 ; 
H . H . Willard a n d F . Fenwick , Journ. Amer. Chem- Soc, 44. 2504, 1922 ; W . B . N o t t i n g h a m , 
Phys. Rev., (2), 27. 806, 1 9 2 6 ; (2), 2 8 . 764, 1 9 2 6 ; (2), 3 1 . 711, 1 9 2 8 ; S. H . Anderson and 
G. G. K r e t c h m a r , ib., (2), 26. 33 , 1925 ; E . K . G. Stneckelberg, ib., (2), 31 . 771, 1928 ; C. del 
Rosar io , Journ. Franklin Inst., 205. 103, 1928 ; H . Nagaoka a n d T . F u t a g a m i , Proc. Acad. 
Tokyo, 3 . 643, 647, 1927 ; 4 . 201 , 1928 ; A. Giinther-Schulze, Ann. Physik, (4), 65 . 223, 1921 ; 
L. B . F lexner a n d E . S. G. Bar ron , Journ. Amer. Chem. Soc., 52. 2773, 1930 ; P . Bacht iger , 
Helvetica Phys. Acta, 3 . 335, 1930 ; O. Bauer , Internat. Zeit. Metallog., 10. 129, 1919 ; J . S. For res t , 
Phil. Mag., (7), 10. 1003, 193O. 

1 4 H . Moissan, Compt. Rend., 123. 13, 1896: Ann. Chem. Phys., (7), 8. 5 7 0 , 1896; K . H o n d a , 
Ann. Physik, (4), 32. 1027, 1910 ; M. Owen, ib., (4), 37. 657, 1912 ; S. Meyer, Wied. Ann., 68 . 
324, 1899 ; Monatsh., 20. 369, 1899 ; X-. Weiss, Zeit. anorg. Chem., 65 . 279, 1910 ; D . M. Bose 
a n d H . G. Bher, Zeit. Physik, 48 . 716, 1928 ; P . K a p i t z a , Proc. Roy. Soc, 123. A, 292, 342, 1929. 

§ 6. The Chemical Properties of Tungsten 

Owing t o t h e effects of pass iv i ty , a n d t h e effects of i gnored impur i t i e s , descr ip t ions 
of t h e chemica l b e h a v i o u r of t u n g s t e n a r e n o t a l w a y s cons i s t en t . ^ F . F i she r a n d 
F . S c h r o t t e r * obse rved t h a t n o c o m b i n a t i o n occurs w h e n t u n g s t e n is d i s in teg ra ted 
electr ical ly b e n e a t h l iqu id a r g o n . Accord ing t o A . S iever t s a n d E . Bergner , 
hydrogen is v e r y l i t t le a b s o r b e d b y t u n g s t e n be low 1200°. E . M a r t i n s t ud i ed t h e 
occlusion of h y d r o g e n b y t h e m e t a l . I . L a n g m u i r showed t h a t if a t u n g s t e n wire is 
h e a t e d a t 1300° K . t o 1500° K . in h y d r o g e n u n d e r a press , of 0 0 0 1 - 0 0 2 0 m m . , t h e 
h y d r o g e n slowly d i s a p p e a r s . T h e r e is a d i s t i nc t fa t igue effect, b u t t h e s u b s t i t u t i o n 
of a n e w sect ion of wire does n o t r es to re t h e ac t ion . T h e h y d r o g e n is n o t absorbed 
b y t h e wire , b u t is depos i t ed on t h e glass, especial ly if t h e l a t t e r is cooled b y l iqu id 
air . O n al lowing t h e wire t o cool a n d t h e n r e m o v i n g t h e l iqu id air , h y d r o g e n is 
l ibe ra ted , a n d does n o t r e -condense if t h e l iqu id a i r is r ep laced . If t h e h y d r o g e n is 
n o w p u m p e d o u t a n d o x y g e n a d m i t t e d , t h e oxygen will d i s a p p e a r a n d be rep laced 
b y a smal l q u a n t i t y of h y d r o g e n . I t is sugges ted t h a t t h e h y d r o g e n dissolves in 
t h e wire in t h e a t o m i c condi t ion , a n d t h a t some of t h e a t o m s , l eav ing t h e wire, 
diffuse i n t o t h e t u b e cooled b y l iqu id air , or become a d s o r b e d b y t h e glass, a n d r e m a i n 
in t h e a t o m i c condi t ions , t h u s r e t a i n i n g the i r chemica l a c t i v i t y . M. A. S c h i r m a n n 
ut i l ized t h e p r o p e r t y of t u n g s t e n for abso rb ing t h e l a s t t r a c e s of gas in order t o con­
v e r t a h igh v a c u u m i n t o a n e x t r e m e v a c u u m . T . Weichselfelder a n d B . Th iede 
o b t a i n e d a t u n g s t e n hydride, p r e s u m a b l y W H 3 , ana logous w i t h CrH 3 , b y shak ing 
d r y h y d r o g e n w i t h a n e the rea l soln. of p h e n y l m a g n e s i u m b r o m i d e in which t h e d ry 
chlor ide of t h e m e t a l is su spended . Gr. H a g g s t u d i e d t h e mol . vol . 

T h e finely-divided m e t a l w a s found b y J . F e r e e t o b e py ropho r i c in air ; a n d 
E . Z e t t n o w , a n d L . v o n Us l a r found t h a t w h e n t h e f inely-divided m e t a l is h e a t e d , 
i t becomes d a r k b lue , a n d t h e n s u d d e n l y glows t o form t u n g s t e n t r iox ide . A. Burge r 
found t h e m e t a l p r o d u c e d b y t h e ca lc ium r e d u c t i o n oxidizes in air w h e n h e a t e d t o 
300° or 400 o . A . R i c h e found t h a t t h e c rys ta l l ine p o w d e r is n o t changed b y a 
m o n t h ' s exposure t o d r y o r m o i s t o x y g e n a t o r d i n a r y t e m p . , b u t a t a red-hea t , i t 
b u r n s t o t h e t r iox ide ; a s imi lar resu l t is o b t a i n e d a t a r a t h e r h igher t e m p , in air . 
E . R . Schneider a d d e d t h a t t h e v o l u m e is a t t h e s a m e t i m e m a r k e d l y increased. 
A. S t a v e n h a g e n , !L. Weiss , a n d H . Moissan obse rved t h a t t h e m e t a l p r epa red in t h e 
electr ic arc- furnace is s t ab l e in a i r af ter i t h a s acqu i r ed a blue oxide film. 
N . B . Pi l l ing a n d R . E . B e d w o r t h discussed t h e r a t e of oxidat ion ; a n d 
L . O. Bann i s t e r , t h e co loured oxide films. N . B . Pi l l ing a n d R . E . B e d w o r t h found 
t h a t t h e we igh t w of o x y g e n t a k e n u p b y a m e t a l in t h e t i m e t is in accord wi th t h e 
parabo l ic ox ida t ion l aw w2—kt, whe re Jc is a c o n s t a n t . T h e y gave 3-30 for t h e 
cr i t ical d e n s i t y ra t io—v ide i ron . W i t h m o s t m e t a l s , J . S. D u n n found t h a t Jc 
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increases regular ly wi th t e m p , in accord w i t h k—aeb*RT
9 where a a n d b a re cons t an t s , 

a n d e, R9 a n d T h a v e the i r usua l mean ing . J . S. D u n n found a n i r regular i ty in t h e 
cu rve showing the va lues of log Jc a t different t e m p . , as ind ica ted in F ig . 19. This 
is expla ined b y t he a s s u m p t i o n t h a t t ungs t i c oxide is n o t a chemical ind iv idual , b u t 

consis ts of a m i x t u r e of a-WO3 a n d /S-WO3, a n d t h e 
equ i l ib r ium be tween t h e t w o is shif ted w i t h rise of 
t e m p . T h e ^8-form, p roduced i n excess a t t h e h igher 
t e m p . , is less pe rmeab le t o oxygen t h a n is t h e a-form, 
a n d a k ink occurs in t h e curve in t h e r ange of t e m p , o n . 
which t h e change from a n excess of t h e yS-form t o a n 
excess of t h e a-form occurs. E . Z e t t n o w observed t h a t 
t h e m e t a l prej>ared a t a wh i t e -hea t oxidizes a t a red-
h e a t only wi th difficulty, while t h a t p r e p a r e d a t a red-
hea t , readi ly oxidizes u n d e r these condi t ions , a n d t h e 
finely-divided m e t a l ob ta ined b y reducing t h e oxide 
w i th sod ium is pa r t i a l ly oxidized du r ing t h e washing a n d 

d ry ing . M. A. Sch i rmann s tud ied t h e p roduc t ion of v a c u a b y absorb ing oxygen on 
t h e surface of a t u n g s t e n f i lament h e a t e d in oxygen a t a low press . C. G. F i n k found 
t h a t d r a w n wires of duct i le t u n g s t e n r e t a in the i r lus t re indefinitely long in a i r ; 
a n d L.. Weiss a d d e d t h a t c o m p a c t t u n g s t e n is v e r y l i t t le affected b y air. W h e n 
hea ted , a superficial film of oxide is formed which is n o t m u c h affected b y one or t w o 
h o u r s ' hea t ing t o redness . 

The m e t a l w i th a conchoidal f rac ture is more r e s i s t an t t o w a r d s chemica l a g e n t s — 
par t i cu la r ly o x i d a t i o n — t h a n is t h a t w i t h a g r a n u l a r f rac ture . Accord ing t o 
I . Langmui r , when a t u n g s t e n wire is h e a t e d in oxygen a t a low press , i t oxidizes 
to W O 3 a t a b o u t 800° K. , b u t on ra is ing t h e t e m p , t o 1200° K . t h e oxide volat i l izes, 
a n d leaves t h e m e t a l c lean a n d b r igh t . A t t e m p , above 1200° K . oxygen a t press , 
below O02 m m . ac t s on a t u n g s t e n wire a t a r a t e which is p ropor t i ona l t o t h e press , 
of t h e oxygen a n d t h e surface of m e t a l exposed, a n d increases r ap id ly w i t h t h e t e m p . 
N o fat igue effect can be observed. The veloci ty is n o t affected b y v a r y i n g t h e t e m p , 
of t h e bu lb . 

L . v o n UsI ar said t h a t t h e m e t a l ob t a ined b y t h e t h e r m a l decompos i t ion of 
t u n g s t e n oxychlor ides b y hydrogen is n o t affected b y m a n y weeks c o n t a c t , w i t h cold 
or h o t water . J . J . a n d F . de E l h u y a r , a n d A. R i c h e also obse rved t h a t w a t e r h a s 
no ac t ion on t u n g s t e n ; b u t a t a r ed -hea t , w a t e r v a p o u r oxidizes t u n g s t e n forming a 
m i x t u r e of t h e t r iox ide a n d t h e b lue oxide . C. J . Smi the l l s a n d co-workers found 
t h a t w i th a n incandescen t t u n g s t e n f i lament in w a t e r v a p o u r , t h e m e t a l is oxidized 
a t t h e h o t t e r p a r t s of t h e fi lament, a n d t h e oxide is r educed t o m e t a l in t h e cooler 
p a r t s : W + 2 H i > O ^ W 0 2 + 2 H 2 . T h e a t o m i c h y d r o g e n also formed, as shown b y 
I . !Langmuir, can reduce t ungs t i c oxide a t o r d i n a r y t e m p . L . Woh le r a n d W . P r a g e r 
s tud ied t h e influence of s t e a m on t u n g s t e n ; t h e reac t ion W + 2 H 2 O ^ W O 2 + 2 H 2 
is a ba lanced one, in which t h e equi l ibr ium c o n s t a n t K^pii.o/PiL is 0-65 a t 828° ; 
0-82 a t 8 6 8 ° ; 0-99 a t 9 4 1 ° ; a n d 1-29 a t 1036°. The react ion 2 was s t ud i ed b y 
W . Re inder s a n d A. W . Vervloet , e tc .—vide supra, t h e r educ t ion of t u n g s t e n t r iox ide 
t o m e t a l . H . A l t e r t h u m a n d R . Becker s t ud i ed t h e fo rmat ion of fogs—aerosols of 
t u n g s t e n oxides , formed in t u n g s t e n filament l a m p s b y t h e ac t ion of oxygen or w a t e r -
v a p o u r . W . Guer t l e r a n d T. L iepus obse rved n o ac t ion b y sea-water , sea -wate r 
a n d air , or r a in -wa te r a n d a i r in 8 d a y s ; n o r a n y reac t ion b y a soln. of hydrogen 
dioxide in soda- lye in 48 h r s . L . J . T h e n a r d sa id t h a t t h e r eac t ion is a t first feeble, 
b u t l a t e r is more v igorous , p a r t of t h e oxygen escapes free a n d p a r t oxidizes t h e m e t a l . 
A . !Lottermoser s tud ied t h e ca ta ly t i c decompos i t ion of h y d r o g e n d ioxide b y t u n g s t e n . 
C. G. F i n k observed t h a t t u n g s t e n is r a p i d l y a t t a c k e d w h e n h e a t e d w i t h s o d i u m 
dioxide ; a n d H . Moissan, t h a t i t is also a t t a c k e d b y l ead dioxide. 

Accord ing t o H . Moissan, fluorine a t t a c k s t u n g s t e n , a t o r d i n a r y t e m p . , w i t h 
incandescence forming a vola t i le fluoride. A. R iche , H . D a v y , a n d L . Weiss 
obse rved t h a t , a t 250°-300°, d r y chlor ine , free from air , forms t h e hexach lor ide , b u t 
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if a i r or m o i s t u r e be p re sen t , t w o oxychlor ides a re fo rmed . I . L a n g m u i r found t h a t 
w h e n chlor ine, u n d e r a low press . , is c o n t a i n e d in a b u l b w i t h a h e a t e d t u n g s t e n 
f i lament , t h e m e t a l is a t t a c k e d w i t h t h e fo rma t ion of t h e hexach lo r ide . T h e 
ve loc i ty of t h e r eac t ion r eaches a m a x i m u m a t a b o u t 1500° K. , a n d becomes v e r y 
sma l l a t h igher t e m p . *W. Guer t l e r a n d T. L iepus , a n d I J . v o n Us la r found t h a t 
t u n g s t e n is n o t a t t a c k e d b y ch lo r ine -wate r in 8 h r s . A. R iche , a n d I I . E . Roscoe 
obse rved t h a t t u n g s t e n a t a b r i g h t r e d - h e a t is a t t a c k e d b y b r o m i n e fo rming , accord­
ing t o J . B . v o n Rorck , t h e p e n t a b r o m i d e ; if a i r mo i s tu re b e p resen t , A. R iche 
obse rved t h a t a n o x y b r o m i d e is fo rmed ; a n d t u n g s t e n a t a r e d - h e a t u n i t e s w i t h 
iodine , forming, accord ing t o A. E . Roscoe , t h e d i iod ide . L . Weiss obse rved t h a t 
b r o m i n e a n d iodine superficially a t t a c k t h e m e t a l a t a r ed -hea t . V . I . Sp i tz in a n d 
L . Kasch tanof f sa id t h a t t u n g s t e n a t 500° t o 600° is n o t a t t a c k e d b y hydrogen 
Chloride. Accord ing t o W . E . R u d e r , ne i t he r h o t no r cold hydrofluoric acid a t t a c k s 
t u n g s t e n ; no r is t h e surface of t h e po l i shed m e t a l du l led w h e n e v a p o r a t e d w i t h t h e 
acid . H . Moissan also obse rved t h a t hydrof luor ic ac id h a s b u t a s l ight ac t i on o n 
t u n g s t e n ; a n d s imi lar ly also w i t h hydroch lo r i c ac id . J . J . a n d E . de E l h u y a r said 
t h a t t h i s ac id h a s no ac t i on ; a n d A. R i che , t h a t t h e r e is a slow ac t ion a n d t h e l iquid 
becomes b lue . C. G. F i n k a d d e d t h a t duc t i l e t u n g s t e n is b u t slowly a t t a c k e d ; 
a n d Li. Weiss t h a t t h e c o m p a c t m e t a l is n o t a t t a c k e d b y t h e di l . or cone. ac id . 
W . Guer t l e r a n d T . I i i epus obse rved n o a c t i o n b y 10 or 50 pe r cen t , hydroch lo r ic acid 
in 8 h r s . W . R o h n sa id t h a t whi le 10 pe r cen t , ac id h a d n o ac t ion in 24 h r s . , t h e h o t 
ac id d issolved 0-01 p e r cen t , in a n h o u r . Acco rd ing t o W . E . R u d e r , w r o u g h t 
t u n g s t e n is insoluble in hydroch lo r i c ac id of a n y cone , a t r o o m t e m p , a n d only v e r y 
s l igh t ly so a t 110°. After 45 h rs . , h o t cone , ac id of sp . gr. 1-15 showed n o effect 
u p o n t h e t u n g s t e n . After 175 h r s . , however , a b l ack c o a t i n g of ox ide formed a n d 
t h e m e t a l los t 0-5 pe r cen t , in we igh t . I n di l . ac id , a t 110°, i t lost 0*05 per cen t , 
af ter 22 h r s . , b u t showed no fu r the r loss af ter 50 h r s . After 175 h r s . t h e m e t a l was 
coa t ed w i t h t u n g s t i c ox ide a n d t h e r e w a s a ga in in we igh t of 1 pe r cent , d u e t o ox ida ­
t ion . Th i s ox ide fo rmed a n a d h e r e n t c o a t a n d p r o t e c t e d t h e m e t a l aga ins t fu r the r 
loss. 

A . R i c h e , a n d J . B . v o n B o r c k found t h a t m o l t e n or bo i l ing su lphur a c t s slowly 
on t h e m e t a l . Accord ing t o E . F . S m i t h a n d H . F leck , t u n g s t e n is n o t a c t e d on 
b y su lphur m o n o c h l o r i d e , b u t if ch lor ine b e p resen t , t u n g s t e n hexach lor ide is 
fo rmed . N . D o m a n i c k y classed t u n g s t e n -with t h e m e t a l s e i the r n o t a c t ed on by 
s u l p h u r monoch lo r ide , or else a c t e d on w i t h e x t r e m e slowTness. E . F . S m i t h a n d 
V. Oberho l t ze r found t h a t t h e v a p o u r of s u l p h u r monoch lo r ide forms a su lpho-
chlor ide . A. R i c h obse rved t h a t t h e v a p o u r of carbon disulphide t r a n s f o r m s 
h e a t e d t u n g s t e n i n t o t h e d i su lph ide ; L.. Weiss , t h a t h y d r o g e n sulphide d a r k e n s 
t h e surface of t u n g s t e n a t a r ed -hea t , b u t i t p roduces n o m a r k e d change . J . Fe ree 
found t h a t t h e p y r o p h o r i c m e t a l b e c o m e s r e d - h o t fo rming t h e su lph ide w h e n i t is 
exposed t o a c u r r e n t of h y d r o g e n su lph ide . W . Guer t l e r a n d T. L iepus observed 
no reac t ion b y a 10 or 50 pe r cen t . soln. of s o d i u m sulphide in 48 hrs . , or b y a 4 per 
cen t . soln. of s o d i u m su lph ide c o n t a i n i n g 8 pe r cen t , a lka l i in 8 h r s . C. H . E h r e n -
feld obse rved t h a t su lphur dioxide forms a l i t t le b lue , green, or b r o w n oxide ; a n d 
J . Fe ree , t h a t p y r o p h o r i c t u n g s t e n becomes r e d - h o t in h y d r o g e n su lphide or in 
s u l p h u r d iox ide , fo rming t u n g s t e n su lph ide . F . U . Desi sa id t h a t su lphurous acid 
a c t s on t u n g s t e n t o fo rm t h e 5 : 14-oxide (q.v.). J . J . a n d F . de E l h u y a r said t h a t 
su lphuric ac id h a s n o ac t ion on t u n g s t e n ; H . Moissan, t h a t t h e r e is a s l ight ac t ion 
forming , accord ing t o A. R i che , a b lue l iqu id ; C. G. F i n k , t h a t t h e ac t ion of 
su lphur i c ac id on t h e duc t i l e m e t a l is v e r y slow ; I J . Weiss , t h a t while dil . su lphur ic 
ac id is w i t h o u t a c t i on , t h e cone , ac id forms a b lue l iqu id ; a n d E . D . Desi , t h a t t h e 
cone , ac id a t a h i g h t e m p , forms s u l p h u r d iox ide a n d some i n t e r m e d i a t e t u n g s t e n 
oxides (q.v.). R . H . A d i e sa id t h a t s u l p h u r d iox ide a p p e a r s a t 175°, b u t no hyd rogen 
su lph ide . W . E . R u d e r obse rved t h a t su lphur i c acid , a t r o o m t e m p . , h a s no effect 
u p o n w r o u g h t t u n g s t e n n o r h a s t h e dil . ac id a t 110°. Cone, ac id a t t a c k s i t v e r y 
s lowly a t 110°, t h e loss i n w e i g h t be ing 0-1 p e r cen t , af ter 18 h rs . , 0-16 per cent , af ter 
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40 h r s . , a n d 0-63 p e r cen t , a f ter 175 h r s . A t a h igher t e m p , t h e ac t i on is h a s t e n e d , 
for a t 200°, 0-62 pe r cen t , w a s los t in 4 h r s . I n a n o t h e r e x p e r i m e n t 1-18 p e r c e n t , 
d i s so lved in 8 h r s . W . Guer t l e r a n d T . L i e p u s obse rved no r e a c t i o n i n 8 h r s . w i t h a 
10 p e r cen t , s u l p h u r i c acid , or 20 pe r cen t , su lphu r i c ac id s a t . w i t h s o d i u m s u l p h a t e . 
W. R o h n found t h a t 10 p e r cen t , su lphu r i c ac id h a d n o ac t ion in 24 h r s . in t h e cold ; 
0-01 per cen t , d isso lved i n t h e h o t a c id i n a n h o u r . C. G. F i n k o b s e r v e d t h a t fused 
p o t a s s i u m hydrosu lphate r e a d i l y a t t a c k s t h e m e t a l . 

H . Moissan f o u n d t h a t n i t r o g e n a t a r e d - h e a t does n o t a t t a c k t u n g s t e n ; a n d 
A. S iever t s a n d E . R e r g n e r , t h a t t h e r e is n o r e a c t i o n a t 1500°. E . M a r t i n s t u d i e d 
t h e a b s o r p t i o n of n i t r o g e n b y t h e m e t a l . C. J . Smi the l l s a n d H . P . R o o k s b y f o u n d 
t h a t t h e d i n i t r i d e is f o r m e d b y a n i n c a n d e s c e n t t u n g s t e n filament i n n i t r o g e n . 
I . L a n g m u i i s h o w e d t h a t w h e n a t u n g s t e n l a m p c o n t a i n i n g n i t r o g e n a t low press , is 
r u n for some t i m e , t h e n i t r o g e n g r a d u a l l y d i sappea r s—v ide t u n g s t e n n i t r i de , 8 . 49, 12. 
N . R . Campbe l l m a d e some o b s e r v a t i o n s on t h i s sub j ec t ; a n d M. A. S c h i r m a n n 
d i scussed t h e p r o d u c t i o n of v a c u a b y t h i s m e a n s . C. K e n t y a n d L . A. T u r n e r 
s t u d i e d t h e effect of surface l aye r s of a c t i ve n i t r o g e n on t u n g s t e n f i l aments ; a n d 
o b s e r v e d t h a t a c lean t u n g s t e n surface , a t a du l l r e d - h e a t , in a n a t m . of a c t i v a t e d 
n i t r ogen , b e c o m e s cove red w i t h a l aye r of n i t r o g e n o n e - a t o m d e e p . I . ZschukofE 
o b s e r v e d n o r e a c t i o n w i t h t u n g s t e n a n d n i t r o g e n be low 1250°. E . J . B . Wi l ley 
m e a s u r e d t h e r a t e of d e c a y of a c t i v e n i t rogen in t h e p resence of a t u n g s t e n f i l ament . 
C. M a t i g n o n a n d E . D e s p l a n t e s obse rved t h a t w h e n t h e f inely-divided m e t a l is s h a k e n 
u p in a flask w i t h 10 c.c. of a q . a m m o n i a a t o r d i n a r y t e m p . , t h e m e t a l is ox id ized . 
W . Gue r t l e r a n d T. L i e p u s obse rved n o a c t i o n w i t h 10, 50, or 70 p e r cen t . soln. of 
a m m o n i a in 48 h r s . ; b u t S. L . M aI ow an found t h a t t h e m e t a l is a t t a c k e d . 
C. H . K u n s m a n a n d co-workers , a n d E . H a h n used t u n g s t e n a s a c a t a l y s t in t h e 
syn thes i s of a m m o n i a (q.v.) ; C. H . K u n s m a n , a n d H . E . B u r k s t u d i e d t h e a c t i o n of 
t u n g s t e n o n a m m o n i a . E . W . B e r g s t r o m o b s e r v e d l i t t l e if a n y r e a c t i o n w i t h 
p o t a s s a m i d e . C H . E h r e n f e l d f o u n d t h a t w h e n h e a t e d w i t h n i t rous ox ide , t u n g s t e n 
t r i ox ide is fo rmed . S imi la r ly w i t h n i tr ic ox ide , a n d , a d d e d F . E m i c h , t h e ac t i on of 
n i t r i c ox ide is v e r y s imi lar t o t h a t of o x y g e n p r o v i d e d t h e t e m p , of t h e fo rmer gas 
is k e p t be low r e d - h e a t , t h e t e m p , of decompos i t i on . C. H . E h r e n f e l d found t h a t 
ni trogen peroxide w h e n h e a t e d w i th t u n g s t e n oxidizes i t t o t u n g s t e n t r i ox ide . 
J . J . a n d E . d e E l h u y a r , L . v o n Us la r , E . Z e t t n o w , A . R i c h e , a n d H . Moissan 
obse rved t h a t t u n g s t e n is eas i ly ox id ized b y w a r m n i tr ic ac id t o ye l low t u n g s t e n 
t r iox ide . C. GL E i n k o b s e r v e d t h a t t h e duc t i l e m e t a l is b u t s lowly a t t a c k e d ; a n d 
I J . Weiss , t h a t t h e c o m p a c t m e t a l is superficial ly ox id ized b y h o t n i t r i c ac id , or a q u a 
regia . A. S t a v e n h a g e n , a n d L . v o n Us la r sa id t h a t t h e m e t a l is n o t a t t a c k e d if h e a t e d 
m a n y d a y s w i t h fuming n i t r i c ac id , or w i t h a q u a reg ia . Acco rd ing t o W . E . R u d e r , 
cone , n i t r i c ac id a t 110° s h o w s n o a c t i o n af ter 48 h r s . o t h e r t h a n a s l ight du l l ing of 
t h e b r igh t , me ta l l i c sur face . T h e di l . ac id , h o w e v e r , p r o d u c e s t h e ye l low ox ide on 
t h e surface . T h e r e is a s l ight ga in i n -weight a f te r 15 h r s . a n d t h e n n o fu r t he r c h a n g e 
e v e n af ter 175 h r s . ' i m m e r s i o n . J . J . a n d E . de E l h u y a r , A. R i c h e , a n d H . Moissan 
found t h a t i t is r ead i ly ox id ized t o t u n g s t e n t r i o x i d e b y a q u a regia . W . E . R u d e r 
found t h a t a q u a regia a t r o o m t e m p , oxid izes t h e surface of t u n g s t e n t o t h e t r i o x i d e . 
Af ter 215 h r s . t h e loss i n w e i g h t w a s 0-31 p e r c e n t . A t 110°, t h e ch lor ine w a s all 
d r i v e n off i n a b o u t 4 h r s . a n d t h e t u n g s t e n disc h a d los t 0-1 p e r cen t , a n d i t w a s 
cove red b y a t o u g h , greenish-yel low depos i t . If t h i s c o a t i n g of ox ide w a s a l lowed 
t o r e m a i n , c o n t i n u e d boi l ing in fresh a q u a reg ia h a d n o fu r the r effect u p o n t h e m e t a l . 
W . G u e r t l e r a n d T . !Liepus obse rved n o a c t i o n in 24 h r s . w i t h 50 p e r cen t , n i t r i c ac id , 
o r w i t h h o t o r cold, 10 p e r cen t , ac id ; n o r d i d a q u a reg ia h a v e a n y a c t i o n . W . R o h n 
a d d e d t h a t 10 p e r cen t , n i t r i c ac id h a d n o pe r cep t i b l e a c t i o n in 8 h r s . i n t h e cold, t h e 
h o t ac id d issolved 0*06 p e r cen t , in one h o u r . W . E . R u d e r , a n d H . Moissan f o u n d 
t h a t a m i x t u r e of n i t r i c a n d hydrof luor ic ac ids r a p i d l y dissolves t u n g s t e n w i t h t h e 
e v o l u t i o n of n i t r i c oxide , a n d t h e p r o d u c t i o n of t u n g s t e n t r i o x i d e . L . W e i s s a d d e d 
t h a t t h e t u n g s t e n dissolves a s hexaf luor ide or oxy t e t r a f l uo r ide . H . Moissan , a n d 
C. Gk F i n k o b s e r v e d t h a t fused s o d i u m n i trate r e ad i l y a t t a c k s t h e m e t a l . H . Moissan 
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found t h a t phosphorus does n o t c o m b i n e w i t h t u n g s t e n a t a r ed -hea t , b u t t h e y r e a c t 
a t a h igh t e r n p . W . K o h n found t h a t a 10 per cen t . soln. of phosphor ic ac id dissolves 
0-03 p e r cen t , of t u n g s t e n in t h e cold in 24 h rs . , a n d if ho t , 0-001 pe r cen t , in one h o u r . 
M. W u n d e r a n d B . J a n n e r e t a lso n o t e d t h e d isso lu t ion of t u n g s t e n b y phosphor i c 
ac id of sp . gr. 1-75, a t 230°. 

H . Moissan obse rved t h a t w h e n t u n g s t e n is h e a t e d w i t h b o r o n i n t h e electr ic 
fu rnace , a bo r ide is f o r m e d w h i c h r a r e l y s c r a t ches t h e r u b y ; a n d s imi la r ly w i t h 
Sil icon. W h e n t h e m e t a l is h e a t e d w i t h carbon , i t r ead i ly unde rgoes c e m e n t a t i o n . 
A. R i c h e , a n d C. W . S iemens a n d A. K . H u n t i n g t o n n o t e d t h a t t h e m e t a l d issolves 
c a r b o n ; a n d H . Moissan , t h a t 18-8 p e r cen t , of c a r b o n can b e dissolved b y t u n g s t e n . 
Gr. T a m m a n n and K . S c h o n e r t , C. Zwikke r , a n d M. H . A n d r e w s a n d S. D u s h m a n 
s t u d i e d t h e diffusion of c a r b o n in t u n g s t e n ; a n d W . Geiss a n d J . A. M. v a n L i e m p t 
found t h a t c a r b o n diffused i n t o a p ressed b a r a t 1500° ; b u t n o t i n t o a single c rys t a l 
a t 1900°. M. R . A n d r e w s , O. Ruff, 6 . A g t e a n d H . A l t e r t h u m , a n d A. W e s t g r e n a n d 
G-. P h r a g m e n s t u d i e d t h e a c t i o n of c a r b o n o n t u n g s t e n . M. A . S c h i r m a n n s tud i ed 
t h e p r o d u c t i o n of v a c u a b y a b s o r p t i o n of c a r b o n m o n o x i d e a t a low press , in b u l b s 
c o n t a i n i n g a h e a t e d t u n g s t e n filament. S. H i l p e r t a n d M. O r n s t e i n found t h a t w h e n 
t h e f inely-divided m e t a l is h e a t e d in m e t h a n e — m i x e d w i t h h y d r o g e n t o supp re s s 
t h e d issoc ia t ion : C H 4 ^ C + 2 H 2 — t h e c a r b i d e W C is f o r m e d a t 800° ; a n d w h e n 
h e a t e d in carbon m o n o x i d e a t 1000°, t h e c a r b i d e W 3 C 4 is fo rmed . Accord ing t o 
I . L a n g m u i r , if a t u n g s t e n f i lament is h e a t e d a t 2200° K . i n c a r b o n m o n o x i d e u n d e r 
a p ress , of 0-001—0-020 m m . , t h e gas s lowly d i s a p p e a r s . T h e b e h a v i o u r of t h e gas 
resembles t h a t of n i t r ogen ; each a t o m of t u n g s t e n c o m b i n e s w i t h one mol . of c a r b o n 
m o n o x i d e , p r o b a b l y w i t h f o r m a t i o n of a c o m p o u n d , W C O . T h e r a t e of a t t a c k is 
i n d e p e n d e n t of t h e press . , p r o b a b l y owing t o t h e ve loc i ty of t h e r eac t i on being so 
g r e a t t h a t t h e r a t e of e v a p o r a t i o n of t h e c o m p o u n d fo rmed d e t e r m i n e s t h e r a t e of 
r eac t ion . T h e t e m p , coeff. of t h e r e a c t i o n ve loc i ty is s t r o n g l y nega t i ve . T h e 
i n t e r a c t i o n of c a r b o n d iox ide a n d h y d r o g e n on t h e surface of t u n g s t e n w a s s t u d i e d b y 
C. N . H i n s h e l w o o d a n d C R . P r i c h a r d , a n d B . S. S r i k a n t a n . J . F e r e e obse rved t h a t 
t u n g s t e n w h e n p y r o p h o r i c b e c o m e s r e d - h o t in c a r b o n m o n o x i d e . W . Guer t l e r 
a n d T . L»iepus obse rved n o ac t ion b y carbon dioxide a n d air af ter a n exposu re of 
less t h a n 8 h r s . A t 1200°, t u n g s t e n fo rms a b lue ox ide w h e n h e a t e d w i t h c a r b o n 
d iox ide ; a n d w a t e r s a t u r a t e d w i t h c a r b o n d iox ide s lowly a t t a c k s t h e m e t a l . 
Mol t en s o d i u m c a r b o n a t e dissolves t u n g s t e n slowly, b u t a fused m i x t u r e of s o d i u m 
c a r b o n a t e a n d n i t r a t e dissolves i t r a p i d l y . Acco rd ing t o W . E . R u d e r , t u n g s t e n 
is s lowly d isso lved b y fused s o d i u m or p o t a s s i u m c a r b o n a t e , or b y m i x t u r e s 
of t h e t w o . A loss of a b o u t 2-5 pe r cen t , was no t i ced in 4 h r s . ; a n d w h e n p o t a s s i u m 
n i t r a t e w a s p r e s e n t , t h e loss w a s 32 pe r cen t , in 6 h r s . C. JBeindl u sed t u n g s t e n 
a s a c a t a l y s t in t h e syn thes i s of h y d r o c y a n i c ac id f rom n i t rogen , h y d r o g e n , a n d 
c a r b o n m o n o x i d e . M. R . A n d r e w s a n d S. D u s h m a n found t h a t n a p h t h a l e n e is 
d e c o m p o s e d b y i n c a n d e s c e n t t u n g s t e n a b o v e 1500°. W . R o L n obse rved t h a t 10 
p e r cen t , ace t i c ac id h a s n o ac t i on on t u n g s t e n ; a n d W . Gruertler a n d T. I a e p u s 
obse rved n o a c t i o n b y ace t i c ac id in 48 hrs . , or b y c itric ac id , or tartaric ac id in 
24 h r s . T h e R e g i n a B o g e n l a m p e n f a b r i k found t h a t f ine ly-divided t u n g s t e n r a p i d l y 
a b s o r b s 6 t o 10 p e r cen t , of pyr idine or qu ino l ine . T h e p r o d u c t s were used in t h e 
p r e p a r i n g l a m p f i laments . P . C. Allen a n d C. N . H inshe lwood , a n d A. K o r c y n s k y 
s t u d i e d t u n g s t e n a s a c a t a l y s t in r eac t ions w i t h o rgan ic c o m p o u n d s ; a n d O. S chm id t , 
a s a h y d r o g e n a t i o n c a t a l y s t . ^ 

T h e c o m p o u n d s of t u n g s t e n w i t h t h e m e t a l s a r e d i scussed be low. Accord ing t o 
A . R i c h e , S. Li. Ma lowan , a n d S. M. De lep ine a n d L». A, H a l l o p e a u , w a t e r m a d e 
feebly a lka l ine w i t h p o t a s s i u m h y d r o x i d e dissolves a l i t t l e t u n g s t e n , forming t h e 
a lka l i t u n g s t a t e ; a cone , soln* of p o t a s s i u m hydrox ide r a p i d l y dissolves t u n g s t e n 
w i t h o u t g iv ing off a n y h y d r o g e n . L . v o n Us l a r sa id t h a t t h e boil ing lye does n o t 
a t t a c k t h e m e t a l , a n d W . E . R u d e r obse rved t h a t a soln. of p o t a s s i u m h y d r o x i d e of 
a n y cone , does n o t a t t a c k w r o u g h t t u n g s t e n , b u t t h e fused a lka l i a t t a c k s t h e m e t a l 
s lowly. I n t h i s case t h e r e w a s 31 p e r cen t , loss i n w e i g h t af ter 15 hrs . , a n d in a b o u t 40 
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h r s . t l ie disc h a d all d issolved. A . S t a v e n h a g e n also obse rved t h a t t h e m e t a l is 
s lowly dissolved b y t h e fused a lkal i , fo rming , accord ing t o S. H i l p e r t a n d M. Orns te in , 
t r aces of po t a s s ium a n d hyd rogen , W + 6 K O H - » W ( O H ) 6 + 6 K ; W ( O H ) 6 + 2 K O H 
- » K 2 W 0 4 + 4 H 2 0 ; a n d 4 K + 4 H 2 0 - > 4 K O H + 2 H 2 . W . Guer t l e r a n d T. L i e p u s 
obse rved n o ac t ion b y a 10 or 50 pe r cen t . soln. of s o d i u m hydroxide in 48 h r s . 
W . E . R u d e r said t h a t a soln. of c h r o m i u m trioxide in sulx>huric ac id does n o t a t t a c k 
t u n g s t e n . F o r t h e ac t ion of a lkal i Carbonate, vide supra. A . v o n W a r t e n b e r g a n d 
H . Mohl found t h a t t u n g s t e n reduces a l u m i n a a t 2000° in a n a t m . of n i t rogen , fo rming 
t u n g s t e n d ioxide : 4 A l g a 8 + 3 W O 2 g a « = = 3 W + 2 A l 2 O 3 + 7 0 0 cals . , or, if t h e a l u m i n a is 
vapor ized , 4 A l g a s + 3 W 0 2 g a s — 3 W + 2 A l 2 O 3 g a s + 5 7 0 cals. , because t h e h e a t of v a p o r i ­
za t ion of a l u m i n a is —130 Cals . H e n c e , in t h e fo rmer case, if jfiT==[Al]4[W02]3, 
t h e n log K = - 153000T-I-+-12-3 log T + 2 1 ; a n d , in t h e l a t t e r case , if K' 
= [ A l ] 4 [ W 0 2 ] 3 / [ A l 2 O 3 ] S , log J T = — 1 2 4 5 0 T - 1 + 8 - 7 5 log T + 1 5 . I n t h e former case , 
a t 2500° a n d 3000°, log K is r espec t ive ly 3 a n d 13, a n d in t h e l a t t e r case , log K' is 
respec t ive ly 0 a n d 3-5 a t t hese t e m p . I n t h e case of z i r c o n i a , Zrsa8-f- W O 2 ^ a S = W 
+ Z r O 2 + 150 cals. , a n d if JST=[Zr][WO2] , t h e n log K=-3300T-*-{ 3-5 log T-f-6, a n d 
a t 2500° a n d 3000°, log JKT is respec t ive ly 5 a n d 7. S imi la r ly w i t h t h o r i a wh ich is also 
r educed b y t u n g s t e n . Accord ing t o C J . Smithel l s , a t 2580° K. , n o r eac t ion was per ­
cept ib le b e t w e e n t u n g s t e n a n d t h o r i a in 24 h r s . ; a t 2600° K. , some r e a c t i o n occur red ; 
a n d a t 2750° K. , t h e t h o r i a w a s comple te ly r educed b y t h e t u n g s t e n . Z. Jeffries a n d 
P . T a r s o v found t h a t a l i t t l e t h o r i u m is p r o d u c e d b y dissocia t ion w h e n a t h o r i a t e d 
t u n g s t e n f i l ament is h e a t e d t o a h igh t e m p . T h o r i a is s l igh t ly soluble in t u n g s t e n 
a t h igh t e m p . T h e b e h a v i o u r of t h o r i a on h e a t e d t u n g s t e n filaments w a s discussed 
b y W . Gr. B u r g e r s a n d J . A . M. v a n Liernpt . W . S a m t e r a n d K . Sch ro t e r found t h a t 
t u n g s t e n is dissolved b y a b a t h of fused s o d i u m n i t r i t e a n d n i t r a t e . W . Guer t l e r 
a n d T. L iepus obse rved n o r eac t ion b y a soln. of m a g n e s i u m c h l o r i d e in 8 h r s . 
E . F . S m i t h found t h a t t u n g s t e n p rec ip i t a t e s copper i ncomple t e ly f rom a soln. of a 
c o p p e r s a l t ; a n d i t b e h a v e s l ike m o l y b d e n u m t o w a r d s soln. of s i lve r s a l t s , prec ip i ­
t a t i n g silver, b u t t h e ac t ion of t u n g s t e n on soln. of go ld s a l t s is s o m e w h a t slower t h a n 
t h a t of m o l y b d e n u m . T u n g s t e n slowly reduces a soln. of m e r c u r i c c h l o r i d e t o 
mercu rous chloride ; W . Guer t l e r a n d T . L i epus obse rved t h a t a soln. of mercu r i c 
chlor ide (1 : 500) is decomposed b y t u n g s t e n a t 90°. T h e sub jec t w a s also s t u d i e d 
b y J . 8 . de Bennevi l le . E . F . S m i t h found t h a t soln. of c a d m i u m s a l t s a n d of b i s ­
m u t h s a l t s a r e n o t affected b y t u n g s t e n ; a n d t h e m e t a l h a s n o ac t ion on n e u t r a l , 
a lkal ine , or acidic soln. of l ead sa l t s . 

C. G. Gmel in 2 m a d e some obse rva t ions on t h e physiological ac t ion of t u n g s t e n 
sa l t s . 

S o m e r e a c t i o n s of a n a l y t i c a l i n t e r e s t * — T h e reac t ions of t u n g s t e n were discussed 
b y A. A . N o y e s a n d W . C. B r a y , 3 a n d F . L . H e s s . T h e m i n e r a l a c i d s — h y d r o c h l o r i c , 
su lphur i c , a n d n i t r i c a c i d s — w i t h a soln. of s o d i u m t u n g s t a t e p r o d u c e in t h e cold a 
wh i t e , a m o r p h o u s p r e c i p i t a t e of h y d r a t e d t u n g s t e n t r iox ide ; a n d w h e n t h e soln. 
is boi led, t h e p r e c i p i t a t e becomes yel low owing t o t h e fo rma t ion of yel low t u n g s t i c 
acid , w h i c h is insoluble in di l . ac ids , b u t a p p r e c i a b l y soluble in cone , ac ids . F r e e 
t u n g s t i c acid s lowly dissolves i n a boi l ing soln. of a n a lka l i t u n g s t a t e f o r m i n g a 
m e t a t u n g s t a t e wh ich does n o t give a p r e c i p i t a t e w i t h m i n e r a l ac ids . If t h e soln. of 
a m e t a t u n g s t a t e is boi led w i t h a n excess of ac id , insoluble t u n g s t i c ac id is s lowly 
p r e c i p i t a t e d . W i t h p h o s p h o r i c ac id , soln. of t h e a lkal i t u n g s t a t e s give a p r e c i p i t a t e 
of a c o m p l e x a lka l i p h o s p h a t o t u n g s t a t e w ^ i c h is soluble in a n excess of p h o s p h o r i c 
ac id . T h e p resence of phosphor i c ac id h i n d e r s t h e p r ec ip i t a t i on of t u n g s t i c ac id b y 
t h e m i n e r a l ac ids . M a n y o r g a n i c ac ids—e .g . c i t r ic a n d t a r t a r i c ac ids—give n o 
p r e c i p i t a t e w i t h a lka l i t u n g s t a t e s owing t o t h e f o r m a t i o n of s t ab le , so luble c o m p l e x 
sa l t s , a n d t h e y h i n d e r t h e p rec ip i t a t i on of t u n g s t i c ac id b y m i n e r a l ac ids , t h e y also 
in te r fe re w i t h t h e a c t i o n of severa l o t h e r reagen ts—e .g . r educ ing a g e n t s . N o prec ip i ­
t a t e is f o r m e d w h e n acidified soln. a re t r e a t e d w i t h h y d r o g e n sulphide ; a n d a m m o ­
n i u m sulphide g ives n o p rec ip i t a t e , b u t , accord ing t o W . T . T a g g a r t a n d E . F . S m i t h , 
if a salt—e~g, m a n g a n e s e s a l t—is p r e s e n t wh ich gives a p r e c i p i t a t e w i t h a m m o n i u m 
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su lph ide , t u n g s t e n su lph ide m a y b e p rec ip i t a t ed . If t h e soln. c o n t a i n i n g a n excess 
of a m m o n i u m su lph ide b e t r e a t e d w i t h a n acid , l igh t b r o w n t u n g s t e n t r i su lph ide is 
p r e c i p i t a t e d ; i t is so lub le in a soln. of a m m o n i u m su lph ide . Soln . of t h e t u n g -
states give white precipitates with soln. of barium or calcium chloride, lead acetate, 
a n d s i lver or m e r c u r o u s ni trate . E . Z e t t n o w a d d e d t h a t one p a r t of t u n g s t i c ac id 
in 20,000 p a r t s of w a t e r g ives a w h i t e co lora t ion w i t h l ead a c e t a t e ; a n d w i t h 1 i n 
40,000, a n opalescence . A b r o w n p r e c i p i t a t e is p r o d u c e d b y t i n c t u r e of gal ls , or 
t a n n i n w h e n t h e soln. is acidified (M. B a r b e r ) . T h e effect of reduc ing a g e n t s is t o 
fo rm a b lue co lora t ion—e .g . if a soln. of a n a lka l i t u n g s t a t e is t r e a t e d w i t h z inc 
a n d hyd roch lo r i c ac id , t h e t u n g s t i c ac id first p r e c i p i t a t e d forms b lue t u n g s t e n h e m i -
p e n t o x i d e ; s t a n n o u s ch lor ide first p r o d u c e s a yel low colora t ion , b u t w h e n h y d r o ­
chloric ac id is a d d e d a n d t h e soln. w a r m e d , a b lue p r e c i p i t a t e is fo rmed . E . Z e t t n o w 
a d d e d t h a t one p a r t of t u n g s t i c ac id in 1000 p a r t s of w a t e r t r e a t e d w i t h su lphur i c 
ac id a n d s t a n n o u s chlor ide gives a brownish-ye l low colour ; w i t h 1 i n 10,000, t h e 
co lour is w h i t e ; a n d w i t h 1 in 20,00O a pa le opalescence is p r o d u c e d . S o d i u m 
h y p o p h o s p h i t e , a n d s u l p h u r o u s ac id in a w a r m acidified soln. p r o d u c e a b lue colora­
t i o n ; d ihydroxymale ic acid fo rms a b r o w n co lour wh ich i m m e d i a t e l y t u r n s b lue 
( H . J . H . F e n t o n ) ; m e r c u r o u s n i t r a t e a n d p o t a s s i u m iod ide give a b lue co lora t ion 
( E . K a f k a , a n d E . Pozz i -Esco t ) ; b u t w i t h fe r rous s u l p h a t e , t h e ochre-yel low 
p r e c i p i t a t e is n o t co loured b lue b y ac ids . T h e r e d u c t i o n t e s t 1WaS discussed b y 
G. Toross ian , a n d M. Li. H a r t m a n n . J . H . Muller obse rved t h a t salicylic ac id gives 
a yel low co lo ra t ion w i t h a lka l i t u n g s t a t e s a n d m o l y b d a t e s b u t n o p r e c i p i t a t e ; a n d 
J . H . de Boer , t h a t a l izarin su lphon ic acid g ives a v io le t co lo ra t ion . Accord ing t o 
E . E . S m i t h , qu in ine s u l p h a t e , a n d chlor ide , a n d c inchonid ine , a n d benzid ine 
hyd roch lo r ide , a c e t a t e , a n d chlor ide p r e c i p i t a t e t u n g s t i c ac id q u a n t i t a t i v e l y 
f rom soln. of i t s sa l t . Ani l ine hyd roch lo r ide does n o t g ive a p r ec ip i t a t e w i t h 
s o d i u m a n d a m m o n i u m t u n g s t a t e s , a n d m e t a t u n g s t a t e s , b u t does so wi th t h e 
p a r a t u n g s t a t e s b u t n o t a f te r boi l ing. T h e t h r e e s o d i u m a n d a m m o n i u m t u n g s t a t e s 
a re i n c o m p l e t e l y p r e c i p i t a t e d b y o-toluidine a n d p y r i d i n e hydroch lo r ides . A l i t t le 
t u n g s t i c ac id g ives a d e e p r e d d i s h - b r o w n co lo ra t ion w i t h p o t a s s i u m ferrocyanide, 
a n d af ter some t i m e a r e d d i s h - b r o w n jel ly. E . Z e t t n o w sa id t h a t one p a r t of t u n g s t e n 
t r iox ide in 1O0O p a r t s of w a t e r acidified w i t h a l i t t l e su lphu r i c ac id g ives a d a r k 
orange-ye l low colour ; w i t h 1 in 10,000, a greenish-yel low colour ; a n d w i t h 1 in 
20,000, a pa l e ye l low colour . 

S o m e u s e s Of t u n g s t e n . — S o m e u n i q u e p rope r t i e s of t u n g s t e n h a v e i m p o r t a n t 
i n d u s t r i a l app l i c a t i ons . 4 I t h a s a h igh d e n s i t y exceed ing t h a t of lead. I t s m . p . 
is h igher t h a n t h a t of a n y k n o w n m e t a l ; i t s tens i le s t r e n g t h exceeds t h a t of i ron 
a n d n icke l ; i t is p a r a m a g n e t i c a n d e las t ic so t h a t i t h a s been t r i e d in electr ical 
me t e r s , a n d n o n - m a g n e t i z a b l e wa t ch - sp r ings . I t c an b e d r a w n i n t o t h i n n e r wires 
t h a n a n y o t h e r m e t a l , a n d th i s fact , coup led w i t h i t s chemica l s tab i l i ty , offers 
possibi l i t ies in m a k i n g suspens ions for g a l v a n o m e t e r needles , 5 a n d cross-hairs for 
te lescopes ; a n d for t h i n wires in surgical ope ra t ions in p lace of gold or silver wires . 
T h e g rea t e s t use of t u n g s t e n is in t h e p r e p a r a t i o n of i ron or s teel a l loys, eg, in 
t h e p r e p a r a t i o n of h igh-speed too l s teels (q.v.). T u n g s t e n forms al loys w i th m a n y of 
t h e me ta l s , a n d some of t h e m h a v e va luab l e p rope r t i e s a l t h o u g h in m a n y cases t h e 
cos t of t h e a l loy is o u t of p r o p o r t i o n w i t h i t s usefulness. T h e stellite al loy descr ibed 
b y E . H a y n e s 6 is a n a l loy of coba l t , c h r o m i u m , a n d t u n g s t e n (75 : 20 : 5) w i t h 
or w i t h o u t a d d i t i o n s of o t h e r me ta l s . I t is a c o m p e t i t o r for some high-speed 
c u t t i n g s teels . J . T. B o t t o m l e y p roposed a n a l loy cal led platinoid, composed of 
nickel , zinc, copper , a n d t u n g s t e n for c o n d u c t i v i t y wires . E . W e i n t r a u b p a t e n t e d 
a n al loy w i t h 40 t o 80 pe r cen t , of p l a t i n u m for use in electr ical con tac t s , jewellery, 
e t c . JPartinium is a n a l loy of a l u m i n i u m a n d t u n g s t e n employed in au tomobi le 
cons t ruc t i on ; sideraphitc, a n al loy of i ron w i t h nickel , copper , a l u m i n i u m a n d 
t u n g s t e n ; minargent, a n a l loy of copper , n ickel , a n d t u n g s t e n ; a n d backford, 
a n a l loy of copper , t i n a n d t u n g s t e n . F . A . F a h r e n w a l d discussed t h e use of 
a l loys of t u n g s t e n a n d m o l y b d e n u m as s u b s t i t u t e s for p l a t i n u m for c o n t a c t p o i n t s 
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in sparking coils, vo l tage regulators, and other electrical instruments . Gold-
coated tungsten dental pins are also used in place of plat inum. E . Groschuff and 
1?. Mylius found that malleable tungs ten under the trade-name iridam, proposed as a 
subst i tute for plat inum, is too brittle for thin-walled crucibles, and i t i s a t tacked by-
hydrochloric acid. According t o E . H a y n e s , an alloy of tungsten , chromium, 
and cobalt (20 : 15 : 65) is hard, and can be used for cutt ing tools and surgical 
instruments , being unaffected b y organic acids and ordinary antiseptics . A similar 
al loy wi th nickel is called amaloy. P . Monnartz discussed the use of tungs ten 
in raising the acid resisting properties of iron-chromium alloys. The al loys of 
tungsten were discussed b y H . Mennicke, H . Leiser, A. Hoen ig , J . W . Richards, 
J. S. de Bennevi l le , J. J . Runner and M. L. Hartmann, etc .—vide infra. The 
use of tungsten as a fi lament in incandescent lamps has been previously discussed. 
J. Trowbridge and S. Sheldon 7 recommended tungsten as an al loy meta l for 
mirrors in physical apparatus. The use of tungs ten as a va lve electrode and as a 
rectifier has been previously indicated. W . Fehse 8 recommended i t for resistance 
wires for the Tungsten arc-lamp as a source of ultra-violet l ight ; 9 and tungs ten 
anode in t h e mercury l a m p 1 0 have been tried. Tungsten wire has also been used 
as a resistor in wire-wound electrical furnaces—e.g. b y F . Fischer and E . Tiede , 1 1 

A. H. Compton, and F . A. Fahrenwald. The " metal ," widia, is obta ined b y 
pressing and sintering tungsten carbide al loyed wi th cobal t . 1 2 R. E i senmann 1 3 

used tungst ic acid as a subst i tute for chromic acid in the chromic acid cell ; 
J. Harden , 1 4 and J. H. Robertson and D . Jankower used tungsten for making 
crucibles. Wrought tungs ten targets for X-ray tubes are in general use. The 
high sp . gr. of the meta l is here an advantage . 1 5 The targets are somet imes made 
with a surface of tungs ten on a backing of some other metal , as si lver or copper 
which conducts a w a y the heat more rapidly. Colloidal tungs ten was recommended 
by R. Kruger 1 6 as a subst i tute for b i smuth in X - r a y photographs of the gastro­
intestinal canal. Calcium or cadmium tungstate 1 7 is used wi th t h e addit ion of, 
say, sodium vanadate t o prevent the glare on fluorescent screens on X - r a y work. 

Tungsten has been tried b y F . Haber , 1 8 as a cata lyst in the manufacture of 
hydrogen cyanide ; and C. Reindl used it w i th good results as a catalyt ic agent in the 
synthesis of ammonia ; in the interaction of hydrogen and carbon dioxide ; 1 9 in the 
splitting of alcohol into ethylene and water ; 2 ° and in organic combust ion analyses . 2 1 

There are some miscellaneous applications of tungsten compounds in t h e chemical 
laboratory 2 2—e.g. si l icotungstic, and phosphatotungst ic acid, etc . M. Luckiesh 2 3 

studied the tungsten filament lamp in therapeutics . Tungsten oxide, and tungstates 
have been used in dyeing ; 2 4 as a mordant 2 5 for rendering text i le fabrics non-
inflammable ; as a p igment 2 6—e.g. the blue oxide forms the so-called mineral blue 
or blue carmine ; the trioxide, mineral yellow ; copper and chromium tungstates ; 
and the group of complex tungstates of the alkalies and alkaline earths known as 
tungsten bronzes ; and for pot tery and glass colours. 2 7 
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§ 7. The Atomic Weight and Valency of Tungsten 
There is a close relationship between the valencies of chromium, molybdenum, 

and tungsten. Tungsten appears to be bivalent in the halides WCl2, WBr2, and 
WI 2 , but the mol. wt. of these salts has not been determined. The observations 
of R. F . Bernhardi-Grisson 1 on the electrolytic reduction of tungstic acid, and of 
O. Olsson, and others on the complex chlorides, show tha t compounds with tervalent 
tungsten have probably been formed. The existence of the tetrahalides—WCl4 
and WI4—as well as of the disulphide shows tha t quadrivalent tungsten can exist, 
although not established by mol. wt. determinations. A number of well character­
ized compounds of quinquivalent tungsten has been prepared, and the results 
have been confirmed by vapour density determinations by H. E . Roscoe, and 
H. Debray. O. Rufl and F . Eisner's hexafluoride shows t h a t tungsten can also 
behave as a sexivalent element. This is confirmed by the existence of the 
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hexach lo r ide , oxyha l ides , a n d t h e t r i ox ide . N . V. S idgwick d i scussed t h e co -va l eney 
of t u n g s t e n . T h e sa l t s of p e r t n n g s t i c acid , H W O 4 , or H C W O 3 , p r e p a r e d b y 
E . P e c h a r d show t h a t s e p t i v a l e n t t u n g s t e n m a y exis t . 

T u n g s t e n c o m p o u n d s were a n a l y z e d b y M. H . K l a p r o t h , 2 C E . B u c h o l z , a n d 
J . J . a n d F . d e E l h u y a r , a n d t h e resu l t s led J . J . Berze l ius t o infer t h a t t h e su lph ide 
h a s t h e mol . r a t i o W : S = I : 2, a n d t u n g s t i c a n h y d r i d e , W : O = I : 3 . H e a d d e d : 
" T u n g s t e n a n d m o l y b d e n u m fo rm a s imilar series of oxides , a n d in i t s n o r m a l 
sa l t s t h e ac id a n h y d r i d e c o n t a i n s t h r e e a t o m s of oxygen t o one a t o m of o x y g e n 
in t h e base . T h e t u n g s t a t e s a r e a lso i s o m o r p h o u s w i t h t h e m o l y b d a t e s i n d i c a t i n g 
t h a t t h e i n t e r n a l c o n s t i t u t i o n is t h e s a m e . " Th i s h y p o t h e s i s m a k e s t h e a t . w t . 
of t u n g s t e n a p p r o x i m a t e 184. T h i s is in a g r e e m e n t (i) w i t h t h e v a p . d e n s i t y 
d e t e r m i n a t i o n of H . D e b r a y , a n d O. liuff a n d F . E isner , a n d n o t in a g r e e m e n t 
wi th J . P e r s o z ' s a s s u m p t i o n t h a t t h e t u n g s t e n is q u i n q u e v a l e n t in t u n g s t i c ac id , 
(ii) Tt agrees w i t h t h e a t . h t . d e t e r m i n a t i o n s of P . N o r d m e y e r a n d A. Xi. Bernoul l i , 
of A. W . Grodspeed a n d E . F . S m i t h , a n d of E . Defacqz a n d M. Gu icha rd . (iii) I t 
is in accord w i t h t h e i s o m o r p h i s m b e t w e e n t h e t u n g s t a t e s a n d m o l y b d a t e s obse rved 
J . J . Berzel ius , a n d Tt. F u n k . (iv) I t is in h a r m o n y w i t h t h e e lec t rochemica l eq . 
obse rved b y M. Xeb lanc a n d H . G-. Bye r s , E . F . S m i t h , A. R o s e n h e i m a n d E . D e h n , 
a n d W . E . K o e r n e r . (v) I t is also in accord w i t h t h e a t . n u m b e r , a n d t h e high 
f requency s p e c t r u m of H . G. J. Moseley. (vi) I t agrees wi th t h e pos i t ion of t u n g s t e n 
in t h e per iodic t a b l e as a n u m b e r of t h e c h r o m i u m family . J . JSf. F r e r s d iscussed 
t h e p lace of t u n g s t e n in t h e pe r iod ic t a b l e . 

T h e o b s e r v a t i o n s of F . J . Ma lagu t i , F . Wohle r , A. R i che , H . V. H e g n a u l t , a n d 
J . C G. de Mar ignac a re n o t su i ted for fixing a v a l u e for t h e a t . w t . of t u n g s t e n . 
Genera l rev iews of t h e a t . w t . of t u n g s t e n were m a d e b y X. Meyer a n d K. S e u b e r t , 
W . Os twa ld , F . W . Clarke , a n d J . Meyer . T h e d e t e r m i n a t i o n s inc lude : (i) A series, 
based on t h e r a t i o W O 3 : W o b t a i n e d b y r educ ing t h e t r i ox ide t o t h e m e t a l , inc ludes 
t h a t of J . J . Berze l ius , 188 ; E . R . Schne ider , 184-2, a n d la te r , 184O ; R . F . Mar-
c h a n d , 183-9 ; J . B . v o n B o r c k , 183-7 ; J . B . A. D u m a s , 1 8 4 O ; F . A. Bernoul l i , 184 ; 
J . Pe r soz , 184 ; H . E . Roscoe , 183-5 ; a n d J. W a d d e l l , 184-3. (2) A n o t h e r series, 
b a s e d on t h e r a t i o W : W O 3 o b t a i n e d b y oxid iz ing t h e m e t a l t o t h e t r iox ide , inc ludes 
t h a t of E . R . Schne ider , 183-9 ; R . F . M a r c h a n d , 184-3 ; J . B . v o n Borck , 184-4 ; 
F . A. Bernou l l i , 187 ; H . E . Roscoe , 183-5 ; M. E . P e n n i n g t o n a n d E . F . S m i t h , 
3 84-9 ; O. L . Sh inn , 184-0 ; E . F . S m i t h a n d W . L . H a r d i n , 184-1 t o 184-8 ; a n d 
E . F . S m i t h a n d F . F . E x n e r , 184-07. (3) A series, b a s e d o n t h e loss of w a t e r b y 
t u n g s t i c ac id i n v o l v i n g t h e r a t i o W O 3 : 3 H 2 O , g a v e F . A. Bernou l l i 180-62 ; a n d 
E . F . S m i t h a n d E . I ) . Des i , 184-7. (4) A series , b a s e d on t h e d e h y d r a t i o n of 
b a r i u m m e t a t u n g s t a t e i nvo lv ing t h e r a t i o B a W 4 O 1 3 - D H 2 O : 9 H 2 O , g a v e C. Scheibler 
184-0. E . F . S m i t h a n d W . L.. H a r d i n d i scussed these - resu l t s^ (5) H . E . Roscoe 
o b t a i n e d 184-1 f rom t h e r a t i o W C l 6 : 6AgCl, a n d 183-9 f rom t h e r a t io W C l 6 : W . 
(6) E . F . S m i t h a n d F . F . E x n e r o b t a i n e d 184-10 from t h e r a t i o W C l 6 : W O 3 . 
(7) E . Z e t t n o w a n a l y z e d fer rous t u n g s t a t e a n d o b t a i n e d 183-6 f rom t h e r a t io 
F e W O 4 : F e O . (8) T h e a n a l y s e s of si lver t u n g s t a t e furn ished E . Z e t t n o w w i t h t h e 
v a l u e 183*6 f rom t h e r a t i o A g 2 W O 4 : A g 2 O , a n d also f rom t h e r a t i o A g 2 W O 4 : 2AgCL 
(9) T . M. T a y l o r m e a s u r e d t h e c a r b o n d iox ide d i sp laced b y t u n g s t i c ac id from 
c a r b o n a t e s a n d o b t a i n e d 183-5 f rom t h e r a t i o W O 3 : CO 2 , a n d l ikewise E . F . S m i t h 
a n d F . F . E x n e r o b t a i n e d 183-6. (10) G. E . T h o m a s o b t a i n e d 184-7 b y m e a s u r i n g 
t h e w a t e r of c rys t a l l i za t ion i n s o d i u m t u n g s t a t e . F . W . Cla rke ' s genera l review 
g a v e 184-575 for t h e b e s t r e p r e s e n t a t i v e v a l u e ; a n d J . Meyer ' s , 184-1. T h e 
I n t e r n a t i o n a l T a b l e for 1929 g a v e 184. 

T h e a t o m i c n u m b e r of t u n g s t e n is 74. F . W . A s t o n 3 found t h a t t u n g s t e n h a s 
four i so topes w i t h t h e r e spec t ive m a s s n u m b e r s 182, 183, 184, a n d 186 ; a n d t h e 
respec t ive p e r c e n t a g e a b u n d a n c e s 22*6, 17-2, 30 -1 , a n d 3OO p e r cen t . The corre-
p o n d i n g a t . w t . is 183-96 in a g r e e m e n t w i t h t h e r e p r e s e n t a t i v e value? 184 n o w 
e m p l o y e d . T h e i so topic fo rm r e p o r t e d b y M. Gerber , was r e n d e r e d improbab l e b y 
t h e n e g a t i v e resu l t s of P , B a r b e . N . B o h r ' s v iew of t h e e lectronic structure is 
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symbol ized : (2) for t h e K-shel l ; (4,4) for t h e L,-shell ; (6,6,6) for t l ie M-shell ; 
(8,8,8,8) for t h e N- she l l ; (4,4,4) for t h e O-shell ; a n d (2) for t h e P-shell . The sub jec t 
was discussed b y E . C. S toner , A. Dauvi l l ier , O. Feussner , H . Gr. G r i m m , 
J . D. M. Smi th , a n d C. D . N iven . Ne i t he r E . R u t h e r f o r d a n d J . Chadwick , n o r 
H . P e t t e r s s o n a n d G. Ki r sch , r e p o r t e d a n y observa t ions o n t h e a t o m i c d i s ­
rupt ion of t u n g s t e n w h e n b o m b a r d e d b y a - rays . The sub jec t was discussed b y 
G. I . P o d r o w s k y . 

G. Li. W e n d t a n d C. E . I r ion a t t e m p t e d t o decompose t u n g s t e n b y r ap id ly 
d i scharg ing a condenser ho ld ing 30,000 t o 45,000 vo l t s t h r o u g h a t u n g s t e n wire 
4 cm. long a n d 0*035 m m . d iam. , e i ther in v a c u o or in ca rbon d iox ide a t 1 a t m . 
press . I n thie way, a m o m e n t a r y t e m p , a b o v e 20,000° w a s p r o d u c e d in t h e 
wires , which were en t i re ly d iss ipa ted , n o smoke , d u s t or solid res idue be ing found 
after t h e explosion. A b u n d a n t q u a n t i t i e s of gas were p r e s e n t after t h e explos ions 
in v a c u o , a n d a spectroscopic e x a m i n a t i o n of t h i s showed t h e s t rong yel low he l ium 
line, a n d t w o red , one b r i g h t b lue , a n d one pa le violet l ine w a s also observed b u t 
h a v e n o t b e e n identified. A b o u t t h e s a m e we igh t (mean 0*173 mg.) of t u n g s t e n 
furnished from 3-62 t o 0-30 c.c. of gas u n a b s o r b a b l e b y p o t a s s i u m h y d r o x i d e . 
If t h e whole of t h e t u n g s t e n h a d been decomposed i n t o he l ium t h e v o l u m e of gas 
would h a v e been 4-0 c.c. T h e resul t s were ques t ioned b y D . M. Goetschius , a n d 
a t t e m p t s t o verify t h e observa t ions b y H . V. A. Briscoe a n d co-workers , S. S m i t h , 
a n d W . D . H a r k i n s a n d S. K . Allison showed t h a t G. I J . W e n d t a n d C. E . I r i on ' s 
s t a t e m e n t s a r e ba sed on er roneous obse rva t ions . JL. T h o m a s s e n observed n o sign 
of change in a n X - r a y t u b e after t h e t u n g s t e n h a d been b o m b a r d e d 90 h r s . 
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§ 8. Alloys and Intermetallic Compounds of Tungsten 
Alloys of copper a n d t u n g s t e n w e r e p r e p a r e d b y J . J . a n d E . d e E l h u y a r , 1 

a n d F . A . !Bernoulli o b t a i n e d t h e m b y t h e s i m u l t a n e o u s r e d u c t i o n of b o t h m e t a l s . 
T h e a l loys w e r e sa id t o b e difficult t o m e l t . J . P e r c y h o p e d t h a t a l loys w i t h 
t u n g s t e n m i g h t b e h a r d , a n d res i s t o x i d a t i o n , b u t o n t r i a l , t h e r e su l t s were u n s a t i s ­
f ac to ry . C. Li. S a r g e n t o b t a i n e d t h e a l loy b y r e d u c i n g t h e m i x e d ox ides w i t h 
s u g a r c h a r c o a l in t h e e lec t r ic a r c f u r n a c e ; a n d E . W . v o n S i emens a n d J . G. H a l s k e 
r e d u c e d c o p p e r t u n g s t a t e b y h y d r o g e n . C LiebenofE o b t a i n e d t h e a l loys b y 
d i p p i n g a l e a d p l a t e in a so ln . of c o p p e r a n d t u n g s t e n i n di l . s u l p h u r i c ac id . T h e 
b r o w n i s h - r e d m e t a l s a r e d u c t i l e . W h e n h e a t e d e lec t r ica l ly in v a c u o , t h e c o p p e r 
dis t i ls off. T . K n i e s c h e , a n d E . W , Li. B i e r m a n n , a n d P . B e r t h i e r r e p o r t e d a l loys 
w i t h 10 p e r c e n t , t u n g s t e n . D . K r e r n e r , a n d H . L i s t a d d e d t h a t c o p p e r does n o t 
fo rm h o m o g e n e o u s a l loys w i t h t u n g s t e n . O. H u m s c h o t t e l t r i e d t o m a k e a l loys 
b y t h e s i m u l t a n e o u s r e d u c t i o n of c o p p e r a n d t u n g s t e n ox ides b y t h e a l u m i n o t h e r m i t e 
p rocess ; b u t f o u n d t h a t a s t h e m o l t e n a l loy cools , t h e t u n g s t e n s e p a r a t e s o u t . 
H e also f o u n d t h a t t h e t u n g s t e n s e p a r a t e s f rom t e r n a r y a l loys of t u n g s t e n , copper , 
a n d a l u m i n i u m , n icke l , or c o b a l t ; s imi la r r e s u l t s w e r e o b t a i n e d w i t h q u a t e r n a r y 
a l loys of t u n g s t e n , coppe r , a n d z inc w i t h i ron , c o b a l t , or n icke l . J . G. E s c a r d 
s t u d i e d t h e t u n g s t e n - c o p p e r a l loys . H . L i s t s a id t h a t a sa t i s f ac to ry r egu lus c a n 
be o b t a i n e d o n l y i n t h e p r e sence of a t h i r d e l e m e n t , s a y , si l icon ; t h e r e su l t i ng 
t e r n a r y a l loy is go lden-ye l low, a n d t o u g h . 

J . J . a n d E . d e E l h u y a r p r e p a r e d a l loys of s i lver a n d t u n g s t e n , w h i c h t h e y sa id 
were pa l e b r o w n , s p o n g y , a n d ma l l eab l e . E . A. B e r n o u l l i w a s n o t ab le t o a l loy 
t h e s e m e t a l s . E . E . S m i t h s a id t h a t w h e n t u n g s t e n is p l a c e d in a n a m m o n i a c a l 
so ln . of s i lver n i t r a t e , t h e s i lver is q u a n t i t a t i v e l y p r e c i p i t a t e d . J . J . and E . de 
E l h u y a r a lso o b t a i n e d a n a l loy w i t h go ld w h i c h t h e y desc r ibed a s be ing yel low 
a n d difficult t o m e l t . G. E u c h s sa id t h a t before a l loy ing s i lver or go ld w i t h t u n g s t e n 
one of t h e m e t a l s is first a l l o y e d w i t h n icke l , i ron , o r a l u m i n i u m . A gold al loy 
c o n t a i n i n g 75 p a r t s of g o l d t o 10 t o 15 of t u n g s t e n a n d 10 t o 15 p a r t s of n ickel , 
m a y b e u s e d i n j ewe l l e ry a s a s u b s t i t u t e for p l a t i n u m . I t c a n be cas t , h a m m e r e d , 
a n d ro l led a n d t a k e s a m u c h finer pol ish t h a n does p l a t i n u m . A n a l loy of 80 p a r t s 
of fine si lver , 10 t o 15 of n icke l , is sa id t o h a v e a g r e a t e r s t r e n g t h t h a n t h e gold 
a l loy . I t is m u c h less affected b y a t m o s p h e r i c o x i d a t i o n t h a n si lver a n d t a k e s 
a b e t t e r po l i sh . These a l loys m a y also find t e c h n i c a l a p p l i c a t i o n on a c c o u n t of 
t h e i r r e s i s t ance t o ac id a t t a c k . 

F . W i r t h m e n t i o n e d t h e u se of a n al loy w i t h bery l l ium a s a h a r d e n i n g a g e n t for 
t h e filaments of i n c a n d e s c e n t l a m p s . H . L i s t w a s n o t ab le t o o b t a i n a l loys e i t he r 
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w i t h c a l c i u m a n d t u n g s t e n or w i t h m a g n e s i u m a n d t u n g s t e n . J . J . a n d F . d e 
E l h u y a r , a n d F . A. Bernou l l i o b t a i n e d a n a l loy of z i n c a n d t u n g s t e n b y t h e 
s i m u l t a n e o u s r e d u c t i o n of t h e m i x e d ox ides . T h e a l loy loses z inc w h e n h e a t e d . 
H . L i s t a d d e d t h a t z inc does n o t a l loy w i t h t u n g s t e n . J . Gr. E s c a r d s t u d i e d t h e 
a l loys of t u n g s t e n , c o p p e r a n d z inc . H . v o n Miller, a n d E . «Tones d iscussed t h e 
ac t i on of t u n g s t e n on b r a s s . 

A . S. Russe l l a n d co -worke r s found t h a t t h e so lubi l i ty of t u n g s t e n in m e r c u r y 
is very smal l , be ing of t h e o rde r of 10~~5 g r m . p e r g r a m of m e r c u r y . R . E . B e r n h a r d i -
Grisson, a n d G. T a m m a n n a n d J . H i n n l i b e r o b t a i n e d t u n g s t e n a m a l g a m b y t h e 
e lect rolys is of a so ln . of t u n g s t e n t r i o x i d e in alcoholic h y d r o c h l o r i c ac id a n d a 
m e r c u r y c a t h o d e . T h e so lub i l i ty of t u n g s t e n in m e r c u r y is less t h a n t h a t of 
m o l y b d c n u m . J . Ee ree o b t a i n e d t h e a m a l g a m b y t h e e lec t ro lys i s of a soln. of 
t u n g s t i c ac id in h y d r o c h l o r i c ac id u s ing a m e r c u r y c a t h o d e . A . S. Russe l l found 
t h a t m e t a l s a r e r e m o v e d f rom t h e i r a m a l g a m s b y oxid iz ing a g e n t s i n t h e o r d e r 
Zn , Mn, Cu, Cr, F e , Mo, Co, H g , Ni , W . 

F . W o h l e r a n d F . R . Michel m e l t e d a m i x t u r e of t u n g s t e n t r i ox ide , c ryo l i t e , 
p o t a s s i u m s o d i u m chlor ide , a n d a l u m i n i u m ( 1 : 2 : 2 : 1 ) , a n d r e m o v e d t h e excess 
of a l u m i n i u m f rom t h e cold r egu lus b y hyd roch lo r i c ac id . T h e r e r e m a i n e d r h o m b i c , 
p r i sma t i c , c ry s t a l s of sp . gr . 5*58, w h i c h were h a r d , a n d b r i t t l e . Cold, cone , ac ids 
h a d n o a c t i o n on t h e a l loy, b u t h o t n i t r i c ac id fo rms t u n g s t e n t r i o x i d e ; h o t 
h y d r o c h l o r i c ac id dissolves t h e a l loy fo rming a d e e p b r o w n soln. of a lower ch lo r ide . 
H o t soda- lye r e m o v e s all t h e a l u m i n i u m l eav ing t u n g s t e n b e h i n d . H . Moissan , 
H . Sch i rmeis te r , J . W . R i c h a r d s , a n d A. S t a v e n h a g e n p r e p a r e d a l loys of t h e m e t a l ; 
H . L i s t sa id t h a t t h e m i x e d m e t a l s do n o t fo rm a h o m o g e n e o u s a l loy, b u t in t h e 
p resence of a t h i r d m e t a l — c o b a l t , n ickel , i ron , or s i l i con—homogeneous a l loys 
m a y b e fo rmed . S o m e t u n g s t e n s e p a r a t e s f rom t h e t e r n a r y a l loys of t u n g s t e n 
a n d a l u m i n i u m w i t h coba l t , i ron , or si l icon. Lt. Gui l l e t s t u d i e d t h e a l loys i n s o m e 
de ta i l , b u t w i t h o u t reference t o t h e e q u i l i b r i u m d i a g r a m . H e o b t a i n e d t h e m b y 
ign i t ing m i x t u r e s of a l u m i n i u m a n d t u n g s t e n t r i o x i d e b y a m i x t u r e of a l u m i n i u m 
a n d 80 p e r cen t , of b a r i u m d iox ide . T h e a l loys h a v e a c r y s t a l s t r u c t u r e . T h e y 
a re n o t a t t a c k e d b y o x y g e n a t o r d i n a r y t e m p , or be low a r e d - h e a t , b u t a t a r e d - h e a t , 
t u n g s t e n t r i ox ide , t h e b lue ox ide , a n d a l u m i n a a r e fo rmed . Roi l ing w a t e r a c t s 
s lowly, a n d t h e m e t a l acqu i r e s a p r o t e c t i v e film of ox ide . Chlor ine h a s n o a c t i o n 
a t o r d i n a r y t e m p . , b u t a t a b o u t 300°, vo la t i l e a l u m i n i u m t r i ch lo r ide a n d t u n g s t e n 
h e x a c h l o r i d e a r e fo rmed . H y d r o c h l o r i c ac id a c t s s lowly, b u t t h e A l 4 W al loy is 
v igorous ly a t t a c k e d b y t h e boi l ing ac id . S u l p h u r i c ac id a c t s s lowly ; a n d cone , 
boi l ing n i t r i c ac id s lowly fo rms t u n g s t e n t r i o x i d e w h i c h is r e d u c e d t o t h e b lue 
ox ide b y t h e a l u m i n i u m , a n d t h e n oxid ized t o t h e t r i o x i d e once m o r e . P o t a s h - l y e 
does n o t d e c o m p o s e t h e cold a l loy, b u t w h e n ho t , t h e r e is a r a p i d a t t a c k w h i c h is 
m o r e v igorous , t h e g r e a t e r t h e p r o p o r t i o n of c o n t a i n e d a l u m i n i u m . L . Gui l l e t 
o b t a i n e d w h a t h e r e g a r d e d a s a l u m i n i u m di tungst ide , A l W 2 , f rom a m i x t u r e of 
t u n g s t e n t r i o x i d e a n d a l u m i n i u m i n t h e m o l . p r o p o r t i o n s Al : W 5 . T h e s p . gr . 
of t h e b lack , c rys ta l l ine p o w d e r is 12-75 a t 2 0 ° — t h e m i x t u r e ru le gives a s p . gr . 
of 13-06. I t is n o t a t t a c k e d b y a q u a reg ia . A m i x t u r e of t u n g s t e n t r i o x i d e a n d 
a l u m i n i u m in t h e rftol. p r o p o r t i o n s Al : W 4 fu rn i shed a l u m i n i u m tr i ta tungst ide , 
A l 3 W , in q u a d r a t i c p r i s m s of s p . g r . 6-31 a t 20°—theo re t i c a l v a l u e , 6-38. I t is 
s lowly d e c o m p o s e d b y a q u a reg ia . S imi la r ly , t u n g s t e n t r i o x i d e a n d a l u m i n i u m in 
t h e m o l p r o p o r t i o n s Al 4 : W , g a v e l ame l l a r c r y s t a l s of a l u m i n i u m te tr i ta tungst ide , 
A l 4 W , of sp . gr . 5*56 a t 20°—theo re t i c a l 5-62. T h e al loy is q u i c k l y d e c o m p o s e d 
b y a q u a reg ia . W . Campbe l l a n d J . A . M a t h e w s o b t a i n e d a n a l loy c o r r e s p o n d i n g 
w i t h A l 8 W in t h i n monoc l in i c c ry s t a l s r e a d i l y a t t a c k e d b y a q u a reg ia ; a n d one 
w i t h h e x a g o n a l c ry s t a l s of A l 7 W , w h i c h is n o t affected b y a q u a reg ia , a n d is s lowly 
a t t a c k e d b y a fused m i x t u r e of a lka l i c a r b o n a t e a n d n i t r a t e . A . v o n Zeer leder 
s t u d i e d t h e r e s i s t ance of t h e A l - W al loys t o ac ids . T). A. R o c h e p r e p a r e d W—Al-Sb 
a l loys ; M. R . W h i t m o r e a n d F . T . Sisco, R . L . R o m a n , C. B e r g , G. R o m a n , 
a n d R . W a l l a c e , W - A l - C u a l loys . T h e t e r m wolframinum is a t r a d e - n a m e for 
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one of t h e t e r n a r y a l loys ; a n d partinium, for an al loy of a lumin iu ru , copper , t i n , 
a n t i m o n y , a n d t u n g s t e n . 

H . L i s t sa id t h a t t u n g s t e n does n o t a l loy w i t h t in , b u t J . J . a n d F . de E l h u y a r 
desc r ibed t h e a l loy, a n d R . L . R o m a n , R . B . W h e a t l e y , and t h e H a n n o v e r s c h 
Indus t r i egese l l schaf t p r e p a r e d a l loys of t i n a n d t u n g s t e n 
w i t h o t h e r m e t a l s . J . Gr. E s c a r d s t u d i e d t h e W - S n - C u 
a l loys . H . v o n Miller, R . B . W h e a t l e y , a n d J . W e b s t e r 
d iscussed t h e effect of t u n g s t e n on t h e coppe r - t in b ronzes . 
H . L i s t , a n d F . A . Bernou l l i cou ld n o t p r e p a r e a l loys w i t h 
l ead b y t h e d i r ec t u n i o n of t h e m e t a l s . J . J . a n d F . de 
E l h u y a r r e d u c e d a m i x t u r e of t u n g s t e n t r i ox ide w i t h l ead 
in a c a r b o n cruc ib le ; F . A. Bernou l l i u s e d a m i x t u r e of 
l ead ox ide a n d t u n g s t e n t r i ox ide ; a n d A. S t avenhage r i 
a n d E . S c h u c h a r d , a m i x t u r e of t u n g s t e n t r i o x i d e , l ead 
ox ide , a n d a l u m i n i u m p o w d e r . T h e a l loys were also p r e ­
p a r e d b y H . F a l k e n b e r g , H . Kuze l , a n d H . L ieber . 
S. I n o u y e p r e p a r e d a l loys w i t h u p t o 30 p e r cen t , of 
t u n g s t e n . T h e t h e r m a l d i a g r a m is s h o w n in F i g . 20. A t 1300°, l ead dissolves 
a m a x i m u m of 30 p e r cen t , of t u n g s t e n . T h e t e m p , of p r i m a r y c rys ta l l i za t ion 
cou ld n o t be d e t e c t e d w i t h less t h a n 5 p e r cen t , of t u n g s t e n . T u n g s t e n 
crys ta l l izes first, a n d t h e e u t e c t i c a p p e a r s t o be a l m o s t p u r e l ead . N o ev idence 
of t h e f o r m a t i o n of a c o m p o u n d on t h e l e a d side cou ld b e found , a n d i t is 
i m p r o b a b l e t h a t t h e r e cou ld b e one o n t h e t u n g s t e n s ide, on a c c o u n t of t h e low 
b . p . of l ead . H . F a l k e n b e r g , a n d L*. F . v o n G r o t t h u s s - C a l l a l loyed t u n g s t e n w i t h 
l ead a n d a n t i m o n y for use a s a b e a r i n g m e t a l . L . F r e i h e r r p r e p a r e d duc t i l e a l loys 
of t h o r i u m a n d t u n g s t e n b y r e d u c i n g a m i x t u r e of t h o r i a a n d t u n g s t e n t r i o x i d e — 
vide supra, duc t i l e t u n g s t e n . S. D u s h m a n a n d I . L a n g m u i r , a n d P . Clausing 
d iscussed t h e diffusion of t h o r i u m in t u n g s t e n ; A. S t . J o h n obse rved n o ev idence 
of a n a l loy of t u n g s t e n a n d t h o r i u m in t h o r i a t e d t u n g s t e n f i laments . 

F . A. Bernoul l i , a n d C. L . S a r g e n t o b t a i n e d a l loys w i t h a n t i m o n y , b u t n o t w i t h 
b i s m u t h . C. L.. S a r g e n t p r e p a r e d a l loys of t u n g s t e n a n d c h r o m i u m b y me l t i ng 
a m i x t u r e of t h e ox ides a n d c a r b o n in a n e lec t r ic fu rnace ; a n d T . G o l d s c h m i d t 
o b t a i n e d t h e m b y t h e a l u m i n o t h e r m i t e p rocess . E . H a y n e s also found t h a t 
t u n g s t e n a l loys w i t h c h r o m i u m a n d c o b a l t i n all p r o p o r t i o n s . F . A . F a h r e n w a l d , 
E . C. B a i n , a n d Z. Jeffries p r e p a r e d a l loys of m o l y b d e n u m a n d t u n g s t e n b y 
compres s ing t h e r e d u c e d p o w d e r s i n t o b r i q u e t t e s , a n d h e a t i n g t h e m w i t h a n 
electr ic c u r r e n t in a n a t m . of h y d r o g e n ; a n d A. S t a v e n h a g e n a n d E . Schucha rd , 
b y t h e t h e r m i t e process . W . Geiss a n d J . A. M. v a n L i e m p t obse rved no diffusion 
b e t w e e n t h e t w o m e t a l s in h y d r o g e n a t 2400° d u r i n g 2 hrs . , b u t w i t h a pressed 
ba r , diffusion occurs in 15 m i n . a t t h i s t e m p . I I . Mennicke sa id t h a t t h e com­
p o u n d tungsten hemitrimolyhdide, W 2 M o 3 , is fo rmed b y r educ ing m o l y b d e n u m 
oxide w i t h t u n g s t e n hemi t r i s i l ic ide in t h e presence of l ime : W 2 S i 3 + 3MoO 2 + 3 C a O 
- 3 C a S i O 3 + W 2 M o 3 . T h e s i lver -whi te c rys t a l s h a v e a s p . gr . 14-8. A. S t a v e n ­
h a g e n a n d E . S c h u c h a r d , a n d H . Menn icke sa id t h a t tungsten nioTybdide, W M o , 
is f o rmed b y t h e a l u m i n o t h e r m i t e process : W O 3 + M o O 3 + 4 A l = 2 A l 2 O 3 + W M o . 
T h e r e is n o t sufficient ev idence t o es tab l i sh e i t he r of t h e s e p r o d u c t s as a chemical 
i n d i v i d u a l . T h e e q u i l i b r i u m d i a g r a m , F i g . 2 1 , b y F . A . F a h r e n w a l d is app rox i ­
m a t e l y a s t r a i g h t l ine f rom t h e f.p. of m o l y b d e n u m t o t h a t of t u n g s t e n . W . Geiss 
a n d J . A. M. v a n Liiempt, a n d Z. Jeffries also o b t a i n e d ana logous d i a g r a m s . This 
shows t h a t t h e m e t a l s a r e comple t e ly i s o m o r p h o u s . T h e r e is n o ev idence of chemical 
c o m b i n a t i o n or of eu t ec t i c s . T h e electr ical r e s i s t ance curves , a n d t h e curves 
for t h e h a r d n e s s (F ig . 22) of t h e a l loys , a r e t y p i c a l of a n u n i n t e r r u p t e d series of 
solid soln. C u r v e A, F i g . 22 , refers t o t h e m e t a l which h a s suffered a 60-per cen t . 
r e d u c t i o n , a n d JB9 t h e compres sed , h e a t - t r e a t e d b u t unforged ingot . B o t h curves 
a r e s m o o t h l y c o n v e x , a n d a r e t y p i c a l of a n u n i n t e r r u p t e d series of solid soln. 
T h e e t c h i n g t e s t s ag ree w i t h t h e p r e sence of cub ic c rys ta l s . W. Geiss a n d 
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J . A . M . v f tn L i i e m p t s t u d i e d t h e e l e c t r i c a l r e s i s t a n c e a n d f o u n d t h e r e s u l t s i n 
a g r e e m e n t w i t h t h e a s s u m p t i o n t h a t t h e a l l o y s f o r m a c o n t i n u o u s s e r i e s of s o l i d 
s o l n . A c c o r d i n g t o A . E . v a n A r k e l , t h e X - r a d i o g r a m of t h e 5 0 - 5 0 - a l l o y c o r r e s p o n d s 
w i t h a c u b e - c e n t r e d l a t t i c e s h o w i n g t h a t t h e a t o m s i n t h e i s o m o r p h o u s c r y s t a l s 
a r e a r r a n g e d i n a s p a c e - l a t t i c e "with d e f i n i t e p l a c e s fo r t h e c o m p o n e n t s . D . R i n n i e 
f o u n d t h a t t h e m o l y b d e n u m - t u n g s t e n t h e r m o c o u p l e h a s a n e .m.f . of 7 t o 8 m i l l i v o l t s 
p e r d e g r e e a t 1 5 0 0 ° , a n d 8 t o 9 m i l l i v o l t s a t 1 6 0 0 ° ; a n d h e m a d e h i g h t e m p . 
p y r o m e t e r s w i t h t h e c o u p l e s . A . S t a v e n h a g e n a n d E . S c h u c h a r d a l s o s t u d i e d 
t h e a l l o y s of t u n g s t e n a n d m o l y b d e n u m a s 1WeIl a s t h o s e of W - M o - T i , a n d 
W—Mo—Cr-Co, a n d E . W . v o n S i e m e n s a n d J . GL H a l s k e , t h o s e of c h r o m i u m a n d 
t u n g s t e n . A c c o r d i n g t o J . A . M . v a n L i e m p t , t h e c o r r o s i o n of t h e a l l o y s b y a c i d s , 
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a n d b y w a t e r , i n s o m e c a s e s , s t a r t s r a p i d l y a t a p a r t i c u l a r c o m p o s i t i o n , -whils t i n 
o t h e r s i t i n c r e a s e s c o n t i n u o u s l y w i t h i n c r e a s e i n t h e p e r c e n t a g e of m o l y b d e n u m . 
W h e r e a s h a r p c o r r o s i o n l i m i t i s s h o w n , i t i s n o t a c o n s t a n t , b u t d e p e n d s o n t h e 
n a t u r e of t h e r e a g e n t , t h e t e m p e r a t u r e , a n d u s u a l l y a l s o o n t h e t i m e of r e a c t i o n . 
T h e p o s i t i o n s of t h e r e s i s t a n c e l i m i t s d o n o t a g r e e w i t h G . T a m m a n n ' s t h e o r y . 
T h e s u b j e c t w a s d i s c u s s e d b y Gr. T a m m a n n . A . S t a v e n h e g e n a n d E . S c h u c h a r d 
o b t a i n e d h i s a l l o y s b y t h e t h e r m i t e p r o c e s s . A c c o r d i n g t o P . R e i n g l a s s , t u n g s t e n 
a l l o y s i n a l l p r o p o r t i o n s w i t h t a n t a l u m , b u t w i t h m o r e t h a n 1 0 p e r c e n t , of 
t a n t a l u m , t h e a l l o y s a r e h a r d a n d b r i t t l e ; w i t h s m a l l e r p r o p o r t i o n s of t a n t a l u m , 
t h e a l l o y s m a y b e d r a w n i n t o w i r e s O-1 m m . d i a m e t e r . 
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§ 9. The Lower and Intermediate Oxides of Tungsten 
A b o u t half a dozen t u n g s t e n ox ides h a v e b e e n r e p o r t e d whose i n d i v i d u a l i t y 

is n o t wel l -es tab l i shed ; a n d , in a d d i t i o n , t h e r e a r e t h e m o r e c lear ly defined h e m i -
p e n t o x i d e , W 2 O 5 , t h e d iox ide , W O 2 , a n d t h e t r i ox ide , W O 3 . E . D . Des i * o b t a i n e d 
a b lue p r o d u c t b y t h e a c t i o n of cone , su lphu r i c ac id o n t u n g s t e n a t 200° ; af ter 
q u i c k l y w a s h i n g w i t h a lcohol a n d e the r , a n d r a p i d d r y i n g , i t s compos i t i on a p p r o x i ­
m a t e d tungsten monoxide, W O , or W 2 CXWO 2 ; if bo i l ing cone, su lphur i c ac id be 
e m p l o y e d , a m i x t u r e of a w h i t e a n d a g reen ish-b lue p r o d u c t is f o r m e d — t h e l a t t e r , 
w h e n s e p a r a t e d , w a s h e d w i t h a lcohol a n d e the r , a n d r a p i d l y dr ied , co r re sponds 
in compos i t i on w i t h tungsten letritatrioxide, W 4 O 3 . If t u n g s t e n be h e a t e d w i t h 
cone , su lphur i c ac id in a sea led t u b e a t 150°, a b lue p r o d u c t wi th t h e compos i t ion 
of tungsten hemitrioxide, W 2 O 3 , is f o rmed ; a n d if t h e t e m p , i n t h e sealed t u b e 
b e 180°, t h e b l u e p r o d u c t h a s t h e c o m p o s i t i o n of tungsten 'pentitaenneaoxide, 
W 5 O 9 . W h e n t h e s e ox ides a r e t r e a t e d w i t h a m m o n i a , o r a lkal i - lye , t u n g s t e n a n d 
t h e t r i ox ide a r e fo rmed ; a n d t h e h e m i t r i o x i d e p r e c i p i t a t e s si lver in b r i l l i an t 
scales f rom si lver n i t r a t e soln. 

A n o t h e r series of b lue -co loured ox ides h a s b e e n r e p o r t e d i n t e r m e d i a t e b e t w e e n 
t h e d i - a n d t r i ox ides . T h e y a r e f o r m e d e i t he r b y oxid iz ing t h e d iox ide or b y 
r e d u c i n g t h e t r i o x i d e . A . Lio t te rmoser sugges ted t h a t E . T). £>esi's oxides , as well 
a s t h e s e i n t e r m e d i a t e oxides , a re on ly m i x t u r e s of t u n g s t e n a n d i t s t r iox ide . A 
n u m b e r of t h e s e h a v e b e e n u sed as b lue p i g m e n t s u n d e r t h e commerc ia l n a m e s 
wolfram-blue, mineral blue, a n d blue carmine. E . E . A n t h o n a d d e d t h a t these b lues 
a r e c h e a p e r than t h e s m a l t b lues . A . P i n c h o n e m p l o y e d a m i x t u r e of t u n g s t e n -
b lue a n d ye l low t u n g s t i c ac id a s a non-po i sonous g reen p i g m e n t in p lace of t h e 
a r sen ica l c o p p e r g r e e n s . J . J . Berze l ius o b s e r v e d t h a t w h e n d r y h y d r o g e n 
is p a s s e d o v e r g e n t l y -warmed t u n g s t e n t r iox ide , a b l u e ox ide is f o r m e d — 
E . J . M a l a g u t i u s e d t h e f lame of a s p i r i t - l a m p a s a source of h e a t ; a n d A. R i c h e 
r e c o m m e n d e d w o r k i n g a t 250° . F . Gobel , a n d L . G m e l i n o b t a i n e d t h e b lue oxide 
b y pass ing c a r b o n m o n o x i d e over t u n g s t e n t r i o x i d e a t a r e d - h e a t . F . J . Malagu t i , 
and Li. v o n Uslar obta ined t h e b lue ox ide b y i gn i t i ng a m m o n i u m t u n g s t a t e in a 
covered crucible ; and E . E. A n t h o n , b y h e a t i n g t h e a m m o n i u m t u n g s t a t e in a 
current of hydrogen—vide infra, t h e 5 : 14, 4 : 1 1 , a n d 3 : 8 oxides ; a n d also t h e 
analogous blue m o l y b d e n u m ox ides . 

There are some hydrated fo rms of t h e blue o x i d e — t h u s , A. Kiche obse rved 
t h a t when tungst ic acid under water is e x p o s e d t o sun l igh t , i t acqui res a blue 
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co lour ; a n d R . E . L iesegang , t h a t t u n g s t i c ac id in c o n t a c t -with p a p e r , b e c o m e s 
b lue in sun l igh t . R . B u n s e n sa id t h a t p a p e r m o i s t e n e d w i t h s o d i u m t u n g s t a t e 
eoln. becomes b lue or g r een w h e n t r e a t e d w i t h s t a n n o u s ch lor ide , o r a m m o n i u m 
su lph ide . H . E . Roscoe o b s e r v e d t h a t w h e n t u n g s t e n p e n t a c h l o r i d e o r p e n t a -
b r o m i d e is hyd ro lyzed , t h e b l u e ox ide is fo rmed , a n d t h i s is eas i ly ox id ized b y 
p e r m a n g a n a t e t o t u n g s t i c ac id . P . B u r c k h a r d o b t a i n e d t h e b lue p r o d u c t b y t h e 
e lectrolysis of fused s o d i u m t u n g s t a t e ; a n d E . F . S m i t h , b y t h e e lec t ro lys is of 
fused s o d i u m t u n g s t a t e , a n d b y t h e e lec t ro lys is of a soln. of a t u n g s t a t e in boi l ing 
hydroch lo r ic ac id . C Scheibler a d d e d t h a t when* a soln. of m e t a t u n g s t i c ac id is 
s a t . w i t h h y d r o g e n su lph ide , a n d t h e n t r e a t e d w i t h a m m o n i a or a m m o n i u m su lph ide , 
s u l p h u r s e p a r a t e s ou t , a n d t h e m i x t u r e acqu i r e s a n i n t e n s e b lue co lo ra t ion . 
W . Bi l t z found t h a t t h e blue colloidal soln. so p r e p a r e d d y e s si lk a pa l e b l u e — 
t h e r e su l t is less sa t i s f ac to ry w i t h c o t t o n or wool . W . Bi l tz d i a lyzed t h e col loidal 
soln . a n d f o u n d t h a t some of t h e b l u e 0 s u b s t a n c e pas ses t h r o u g h t h e m e m b r a n e . 
T h e d i a lyzed soln. is d e e p sky-b lue . M. K r o g e r o b t a i n e d col loidal soln . of t h e b l u e 
t u n g s t e n ox ide b y e lec t ro lyzing a 2 p e r c e n t . soln . of s o d i u m t u n g s t a t e w i t h a n 
excess of ac id ; if a n excess of ac id be n o t used , a d a r k b r o w n soln . is f o rmed . 
T h e colloid is revers ib le , a n d t h e colloid is n e g a t i v e so t h a t i t col lects a b o u t t h e 
a n o d e a s a d a r k b lue l iqu id w h e n a n e lect r ic c u r r e n t is p a s s e d t h r o u g h t h e l iqu id 
c o n t a i n e d in A. Coehn ' s a p p a r a t u s . T h e l iqu id a b o u t t h e c a t h o d e b e c o m e s c lear . 
T h e colloid is p r e c i p i t a t e d f rom t h e soln. b y pos i t ive ly c h a r g e d colloids—e.g. t h e 
h y d r a t e d ox ides of i ron , a l u m i n i u m , c h r o m i u m , t h o r i u m , z i r con ium, a n d c e r i u m . 
W . Bi l t z a n d W . Geibel f o u n d t h a t a f r e sh ly -p repa red col loidal soln. of t h e b l u e 
ox ide is op t i ca l ly e m p t y , older p r e p a r a t i o n s a r e m o r e or less c l o u d y in T y n d a l l ' s 
cone of l ight . N . R . D h a r a n d co-workers s t u d i e d t h e c o a g u l a t i o n of t h e col loidal 
soln. 

Acco rd ing t o E . T . Al len a n d V. H . G o t t s c h a l k , tungsten pentitatetradecoxide, 
W 5 O 3 4 - H 2 O , is f o rmed w h e n t u n g s t e n t r i ox ide is r e d u c e d b y h e a t i n g i t w i t h soln. of 
s t a n n o u s ch lor ide in h y d r o c h l o r i c ac id on a w a t e r - b a t h , or b y h e a t i n g i t t o 200° 
w i t h h y d r i o d i c ac id i n a sea led t u b e . T h e pentitatetradecoxide f o rms a d a r k b lue 
p o w d e r w i t h a p u r p l i s h l u s t r e ; i t is inso luble in -water acidified w i t h h y d r o c h l o r i c 
acid , b u t in p u r e w a t e r i t s eems t o fo rm a col loidal soln. I t is r e ad i l y ox id ized b y 
e x p o s u r e t o t h e a i r or b y oxid iz ing a g e n t s , a n d is i n s t a n t l y c o n v e r t e d i n t o t h e 
t r i ox ide b y t h e a c t i o n of h e a t . W h e n h e a t e d w i t h a soln. of a n a lka l i h y d r o x i d e , 
h y d r o g e n is evo lved a n d a t u n g s t a t e is p r o d u c e d , wh i l s t b y t h e a c t i o n of a m m o n i a , 
a m m o n i u m t u n g s t a t e a n d a b r o w n res idue a r e fo rmed , b u t n o g a s is e v o l v e d . 
Acco rd ing t o E . D . Des i , w h e n s u l p h u r o u s ac id a c t s on t u n g s t e n , W 5 O 1 4 is f o r m e d . 
J . E l t z b a c h e r f o u n d t h a t w h e n freshly p r e c i p i t a t e d t u n g s t e n t r i o x i d e is d i sso lved 
in a boi l ing soln. of oxal ic ac id , a n d t h e l iqu id e lec t ro lyzed in a c o m p a r t m e n t cell , 
t h e c a t h o d e l iqu id b e c o m e s clear , a n d a depos i t of t h e d a r k b lue ox ide f o r m s o n t h e 
c a t h o d e . H . Leiser s t a t e d t h a t if a n acidic soln. of t u n g s t i c ac id is e l ec t ro lyzed , 
u s ing a p l a t i n u m or n icke l c a t h o d e , a b l u e soln. of tungsten tetritahenoxide9 W 4 O 1 1 , 
t h e a n h y d r i d e of m e t a t u n g s t i c ac id , is f o rmed . Li. v o n U s l a r r e p o r t e d tungsten 
pentitaoctoxide, W 5 O 8 . As i n d i c a t e d a b o v e , w h e n t h e p e n t i t a t e t r a d e c o x i d e is 
t r e a t e d w i t h aq . a m m o n i a , a b r o w n m a s s is p r o d u c e d w h i c h E . T . Al len a n d 
V. H . G o t t s c h a l k found t o h a v e t h e c o m p o s i t i o n of tungsten tritaoctoxide, W 3 O 8 . H 2 O , 
w h e n i t h a s b e e n w a s h e d a n d d r i ed . T h e d e e p p u r p l e ox ide h a s a b r o n z e l u s t r e , 
a n d i t s chemica l b e h a v i o u r is l ike t h a t of t h e p e n t i t a t e t r a d e c o x i d e . E . D . D e s i 
s a i d t h a t t h e t r i t a o c t o x i d e , W 3 O 8 , is o b t a i n e d b y h e a t i n g a m m o n i u m m e t a t u n g s t a t e 
t o a b r i g h t r e d - h e a t , or b y fusing t u n g s t i c ac id w i t h p o t a s s i u m iod ide . T h e p u r p l e 
p r o d u c t h a s a ye l low me ta l l i c l u s t r e , a n d i t is inso lub le in ac ids , a n d a lka l i - lye . 
O. F . v o n d e r P f o r d t e n also p r e p a r e d t h i s ox ide . 

I i . W o h l e r a n d O. BaIz m e a s u r e d t h e e q u i l i b r i u m c o n s t a n t s of t h e s y s t e m s in 
w h i c h t u n g s t e n t r i ox ide a n d d iox ide a r e r e d u c e d b y h y d r o g e n ; a n d i n w h i c h 
t u n g s t e n is ox id i zed b y s t e a m . T h e e q u i l i b r i u m c o n s t a n t is r e p r e s e n t e d b y t h e 
rat io of the c o n c e n t r a t i o n s of s t e a m , C H 2 O J smd of h y d r o g e n , C H 2 , in e q u i l i b r i u m 
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w i t h t h e solid p h a s e . O n l y t h e b lu ish-vio le t t u n g s t e n h e m i p e n t o x i d e , W 2 O 5 , a n d 
b r o w n t u n g s t e n d iox ide , W O 2 , were found as s t ab l e solid p h a s e s . T h e b lue oxides 
w i t h a compos i t i on b e t w e e n t h a t of t h e t r i ox ide a n d of t h e he rn ipen tox ide a re 
m i x t u r e s . These r e su l t s were confirmed b y Gr. Chaudron—-vide supra, F ig . 2. 
L . W o h l e r a n d O. BaIz f o u n d t h a t t h e equ i l i b r i um c o n s t a n t s were JFT1 = IG for 
W O 3 : W 2 O 5 a t 800° ; i £ 2 = 5 1 for W 2 O 5 : W O 2 a t 800° ; a n d K3=I-O for W O 2 : W 
a t 950°. I J . W o h l e r a n d W . P r a g e r g a v e : 

733° 828° 803° 868° i>41° 1036° 
K 3 . . 0-45 0 6 5 0-75 0-82 0-99 1-29 

J . A. M. v a n L i e m p t s h o w e d t h a t t h e cond i t i ons of equ i l ib r ium ind i ca t e t h a t if 
h y d r o g e n be p a s s e d t h r o u g h w a t e r a t 95°, a n d t h e m i x t u r e of h y d r o g e n a n d w a t e r 
v a p o u r be pa s sed ove r t u n g s t e n t r i ox ide a t 900°, t u n g s t e n h e m i p e n t o x i d e is fo rmed. 
T h e b lue ox ide o b t a i n e d b y W . K e i n d e r s a n d A. W . Vcrv loe t v a r i e d in compos i t ion 
b e t w e e n W O 2 . 2 0 t o W O 2 . 9 5 . G. A. Meerson f o u n d t h a t in hyd rogen , t h e h e m i ­
p e n t o x i d e sub l imes a b o v e 900°. L.. W o h l e r a n d H . G i in the r ca l cu l a t ed for t h e 
d issocia t ion press . , p.z a t m . , for W 2 O 5 - ^ W O 2 , log ^ 2 = - 2 8 O O 0 7 7 — 1 + 8 - 4 9 6 ; a n d 
for t h e h e a t of t h e r eac t ion , 128-O OaIs. H . A l t e r t h u m a n d F . Koref ca l cu la t ed 
v a l u e s for t h e d issocia t ion press . , a n d g a v e for t h e h e a t of v a p o r i z a t i o n 43-36 CaIs. 
a t 1800° K . F o r t h e equ i l i b r i um c o n s t a n t in t h e r e a c t i o n 4 W 0 2 + 0 2 = 2 W 2 0 5 + 2 3 7 
CaIs., K2,=[W02]

4[02]/[W2O5]
2, w h e r e t h e b r a c k e t e d t e r m s d e n o t e p a r t i a l press . , 

log K2= - 237CXX)T-V4: -57+3xl -75 log T + 9 . W . F r l inke l found for t h e reac t ion 
2 W O 3 + C O ^ C O 2 - + - W 2 O 5 , for JKT=[C02]/[CO] b e t w e e n 750° a n d 1050°, K=17-2 t o 
21-1—vide infra, t u n g s t e n t r i o x i d e . Z. S h i b a t a g a v e 2 W O 2 + | 0 2 = W 2 0 5 - f - 6 2 - 9 
CaIs. P . S a b a t i e r a n d J . 33. S e n d e r e n s sa id t h a t t u n g s t e n d iox ide a t 450°—500° is 
oxid ized b y n i t r o u s or n i t r i c ox ide t o t u n g s t e n h e m i p e n t o x i d e . T h e va r ious in te r ­
m e d i a t e ox ides , p r e p a r e d in t h e d r y - w a y as i n d i c a t e d a b o v e , m u s t be r e g a r d e d a s 
m i x t u r e s c o n t a i n i n g b lue h e m i p e n t o x i d e . F . F r i e d e r i c h a n d J J . S i t t ig o b t a i n e d t h e 
d a r k v io le t h e m i p e n t o x i d e b y h e a t i n g a t ICKX)0 for a n h o u r a m i x t u r e of 4-77 g r m s . 
of p o w d e r e d t u n g s t e n a n d 29 g r m s . of t u n g s t e n t r i ox ide . H . Leiser o b t a i n e d a 
b lue ox ide a p p r o x i m a t i n g W 4 O 3 1 b y t h e e lect rolys is of m e t a t u n g s t i c ac id w i t h a 
p l a t i n u m c a t h o d e , a n d w i t h a lead c a t h o d e t h e d iox ide is fo rmed . J . A. M. v a n 
L i e m p t gave for t h e h e a t of f o r m a t i o n . 4 W 0 2 + 0 2 = 2 W 2 0 5 + 125-2 C a I s . ; or 
2 ( 2 W , 5 0 ) = 31 8-4 CaIs. E . F r i ede r i ch gave 4-56 o h m . p e r sq. m m . for t h e electr ical 
r e s i s t ance . T h e b lue ox ide h a s b e e n o b t a i n e d on ly in a n i m p u r e s t a t e as a n 
a m o r p h o u s p o w d e r r a n g i n g in co lour f rom a green ish-b lue t o deep blue . T h e 
X - r a y diffract ion p a t t e r n o b t a i n e d b y C. J . Smi the l l s a n d H . P . R o o k s b y is shown 
b y F i g . 14. F . F r i e d e r i c h a n d L-. S i t t ig g a v e 4-5 X IO4 o h m s for t h e sp . res is tance 
a t 10O°, a n d found i t t o be less t h a n t h e res i s t ance of t h e d ioxide . F . W e d e k i n d 
a n d C. H o r s t g a v e 0*755 X 1 0 ~ 6 for t h e m a g n e t i c suscep t ib i l i ty . T h e b lue oxide is 
c o n v e r t e d i n t o t h e t r i o x i d e w h e n h e a t e d in a i r or oxygen ; a n d w h e n p r e p a r e d in 
t h e w e t w a y , i t is r e a d i l y oxid ized b y n i t r i c ac id or a q u a regia , b u t w h e n p r e p a r e d 
in t h e d r y w a y i t res is t s a t t a c k b y these r e a g e n t s . V. I . Sp i tz in a n d L . KaschtanofT 
obse rved t h a t w h e n t h e h e m i p e n t o x i d e is h e a t e d in h y d r o g e n chlor ide , t h e d ioxydi -
ch lor ide is fo rmed , l eav ing a res idue of t u n g s t e n ; a n d h e r ep resen ted t h e com­
pos i t ion : W(WOg) 5 , i.e. 3 W 2 O 5 . P . S a b a t i e r a n d A. Mai lhe sa id t h a t above 170°, 
t h e b lue ox ide a c t s c a t a l y t i c a l l y in decompos ing formic acid i n t o c a r b o n monox ide 
a n d w a t e r . T h e c a t a l y t i c p rope r t i e s of t h e b lue oxide in forming e t h y l alcohol, e tc . , 
were s t u d i e d b y P . S a b a t i e r a n d A. Mailhe, a n d J . N . Pea rce a n d A. M. Alva rado . 
A. Cha r r iou d e m o n s t r a t e d t h e increased c a t a l y t i c a c t i v i t y of a l u m i n a con ta in ing 
t h e a d s o r b e d b lue ox ide . 

J . J . Berze l ius 2 o b t a i n e d t u n g s t e n dioxide , W O 2 , b y pass ing hydrogen over 
t u n g s t e n t r i ox ide , free f rom alkal i , a n d feebly ign i t ed in a glass t u b e . A. R iche 
a d d e d t h a t if t h e t e m p , b e t o o low, t h e b lue ox ide is formed* a n d if too high t h e 
m e t a l is fo rmed . I n t h e f o r m a t i o n of t h e d iox ide a s a n i n t e r m e d i a t e s tage in t h e 
r e d u c t i o n of t u n g s t e n t r i o x i d e b y h y d r o g e n , J . A. M. v a n L i e m p t showed t h a t t h e 
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cond i t ions of equ i l ib r ium ind i ca t e t h a t if h y d r o g e n b e pas sed t h r o u g h w a t e r a t 
85°, a n d t h e m i x t u r e of h y d r o g e n a n d w a t e r v a p o u r be pas sed over t u n g s t e n t r i o x i d e 
a t 900° , t u n g s t e n d iox ide is fo rmed—v ide supra. W . F r a n k e l m a d e s imi lar obse rva ­
t i o n s in connec t ion w i t h t h e r e d u c t i o n of c a r b o n monox ide—v ide infra, t u n g s t e n 
t r i ox ide . C. F . Bucho lz h e a t e d a m i x t u r e of t u n g s t e n t r i o x i d e a n d c a r b o n i n a 
covered crucible a t a du l l r e d - h e a t ; t h e W e s t i n g h o u s e M e t a l F i l a m e n t !Lamp Co. 
a d d e d t h a t b e t t e r r e su l t s a r e o b t a i n e d w i t h a m i x t u r e of t u n g s t e n t r i ox ide , free 
f rom alkal i , a n d o n e - t e n t h t o one-fifth i t s we igh t of glycerol , or e t h y l e n e glycol . 
T h e d r i ed m a s s is h e a t e d i n a closed vessel a t a b r i g h t r e d - h e a t for s o m e h o u r s . 
F . W o h l e r a l lowed di l . hyd roch lo r i c ac id a n d zinc t o a c t o n t u n g s t e n t r i ox ide , if 
necessa ry r enewing t h e ac id , a n d z inc , u n t i l al l t r i ox ide h a d b e e n c o n v e r t e d i n t o 
copper - red scales . T h e p r o d u c t is w a s h e d w i t h w a t e r whi le p r o t e c t e d f rom air , 
a n d p re se rved u n d e r w a t e r . O. F . v o n d e r P f o r d t e n u sed h y d r a t e d t u n g s t e n 
t r iox ide . A . R i c h e a d d e d t h a t t h e t u n g s t e n t r i ox ide is on ly superficial ly r e d u c e d 
b y t h i s process , a n d h e r e c o m m e n d e d t h e use of a n a lka l i t u n g s t a t e i n p lace of 
t u n g s t e n t r iox ide , a n d -washing t h e p r o d u c t w i t h w a t e r s a t u r a t e d w i t h h y d r o g e n , 
a n d a f t e rwards d r y i n g i t in a n a t rn . of h y d r o g e n . F . W o h l e r h e a t e d a n i n t i m a t e 
m i x t u r e of p o t a s s i u m t u n g s t a t e a n d a m m o n i u m chlor ide u n t i l t h e a m m o n i u m sa l t 
w a s all expel led ; w a s h e d o u t t h e p o t a s s i u m chlor ide w i t h w a t e r , a n d t h e u n d e c o m -
posed ac id t u n g s t a t e w i t h a boi l ing dil . soln. of p o t a s s i u m h y d r o x i d e ; a n d finally 
w a s h e d t h e p r o d u c t w i t h wa t e r . F . Wohle r , a n d H . E . Roscoe d e c o m p o s e d t u n g s t e n 
t e t r a c h l o r i d e w i t h w a t e r a n d o b t a i n e d a p r e c i p i t a t e of t h e d iox ide a n d a g reen ish-
b r o w n soln. w h i c h g r a d u a l l y depos i t ed t h e d iox ide ; t u n g s t e n d ich lor ide is a lso 
h y d r o l y z e d b y w a t e r s lowly g iv ing off h y d r o g e n a n d fo rming t h e d iox ide . E . Defacqz 
h e a t e d t u n g s t e n di iodide t o 500° in a c u r r e n t of c a r b o n d iox ide . E . D . Des i 
o b t a i n e d t h e d iox ide b y e v a p o r a t i n g su lphu r i c ac id a long w i t h t u n g s t e n m o n o x i d e . 
L*. A . H a l l o p e a u h e a t e d l i t h i u m p a r a t u n g s t a t e for n e a r l y a n h o u r in a c u r r e n t of 
h y d r o g e n , a n d w a s h e d t h e p r o d u c t successively w i t h boi l ing w a t e r , cone , h y d r o ­
chlor ic acid , a 20 p e r cen t , boi l ing soln. of l i t h i u m h y d r o x i d e , a n d finally -with h o t 
w a t e r . E . F r i ede r i ch a n d L . S i t t i g o b t a i n e d t h e d iox ide b y h e a t i n g a m o l of t h e 
t r i iod ide a n d a g r a m a t o m of c a r b o n ; a n d also b y h e a t i n g t o 1000° for a n h o u r , a n 
i n t i m a t e m i x t u r e of a g r a m - a t o m of t u n g s t e n p o w d e r a n d 2 m o l s of t u n g s t e n 
t r i ox ide . H . !Leiser obse rved t h a t a soln. of a m e t a t u n g s t i c ac id w h e n e lec t ro lyzed 
w i t h a l ead c a t h o d e furnishes t u n g s t e n d iox ide , a n d w i t h a p l a t i n u m c a t h o d e , a 
b lue ox ide a p p r o x i m a t i n g W 4 O 1 1 . W . Meissner, a n d A. Schulze d iscussed t h e 
s u p r a c o n d u c t i v i t y of t h e d ioxide ; a n d J . S. D o n a l , t h e emiss ion of e lec t rons b y 
t u n g s t o u s ox ide . J . Vrede obse rved t h a t t h e oxide is n o use a s a r ad io -de t ec to r . 

R . F . B e r n h a r d i - G r i s s o n sa id t h e e lec t ro ly t i c r e d u c t i o n of soln. of t u n g s t e n 
t r i ox ide i n hydrof luor ic or hyd roch lo r i c ac id furnishes t h e dihydrate, W O 2 ^ H 2 O , 
t u n g s t e n tetrahydroxide, H 4 W O 4 , or W ( O H ) 4 . I t is a b r o w n p o w d e r so lub le i n 
hyd roch lo r i c a c id fo rming a green ish soln . w h i c h r a p i d l y b e c o m e s b l u e owing t o 
t h e o x i d a t i o n of q u a d r i v a l e n t t o q u i n q u e v a l e n t t u n g s t e n . I t is inso luble in soda- lye , 
s u l p h u r i c ac id , a n d ace t i c ac id . 

J . J. Berze l ius desc r ibed t u n g s t e n d iox ide a s a b r o w n p o w d e r w i t h a t i n g e of 
coppe r - r ed ; a n d A. R i c h e found his p r e p a r a t i o n t o be d a r k yel low. F , W o h l e r 
sa id t h a t i t f o rms copper - r ed scales w i t h a me ta l l i c l u s t r e ; a n d Li. A . H a l l o p e a u , a 
b r o w n p o w d e r , w i t h a coppe r - r ed lu s t r e , cons is t ing of microscopic , o p a q u e , r egu l a r , 
o c t a h e d r a l c ry s t a l s . V. M. G o l d s c h m i d t a n d co-workers d i scussed t h e c r y s t a l 
s t r u c t u r e . L.. P a u l i n g discussed t h e c r y s t a l s t r u c t u r e . C. J . B . K a r s t e n g a v e 12-11 
for t h e s p . gr . W . Bi l t z s t ud i ed t h e mol . vo l . E . F r i ede r i ch a n d L.. S i t t i g g a v e 
5*0 t o 5-5 for t h e h a r d n e s s . I i . W o h l e r a n d R . G i in the r ca l cu l a t ed for t h e dissocia­
t i on p res s . p3 a t m . , for W O 2 - ^ W , log ^ 8 = - 2 9 8 0 8 T - 1 +9-168 ; a n d for t h e h e a t of 
t h e r e a c t i o n : W + 0 2 = W O 2 + 1 3 6 - 2 CaIs. N . P a r r a v a n o a n d G. M a l q u o r i g a v e for 
t h e d issoc ia t ion press . , log j p o a = — 2 4 - 9 9 3 a t 600° . H . A l t e r t h u m a n d F . K o r e f 
c a l c u l a t e d va lue s for t h e equ i l i b r ium c o n s t a n t i n t h e e q u a t i o n W - + - O 2 = W O 2 + 8 2 - 6 
CaIs., -STi=[WO2]Z[O2] , w h e r e t h e b r a c k e t e d t e r m s d e n o t e p a r t i a l p ress . , a n d log 
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Ki=&2600T 1-^4-57. T h e y gave for t h e h e a t of vapo r i za t i on , 48-86 CaIs. a t 
2000* K . Z. S h i b a t a g a v e 138-2 cals . p e r g r a m . E . F r i ede r i ch a n d L.. S i t t ig g a v e 
} 5 p ° O ~ 1 6 0 0 ° f o r t h e m p ' J' A - M ' v a n 1 ^ 1 1 1 P t gave for t h e h e a t of fo rma t ion 
( W , 0 2 ) = 127-9 Cals . ; a n d for t h e h e a t s of ox ida t ion , (4WO 2 , 0 2 )== 2 W 2 O 5 + 1 2 5 - 2 
C a l s . ; a n d ( 2 W 2 O 5 , O 2 ) = 4 W O 3 + 1 4 0 - 4 Cals. T h e X - r a y diffract ion p a t t e r n , 
o b t a i n e d b y C. J . Smi the l l s a n d H . P . R o o k s b y , is s h o w n in F i g . 14. H . v o n W a r t e n -
be rg a n d H . Moehl obse rved t h a t t h e h e a t of fo rma t ion of W O 2 is 131 Cals., a n d t h e 
h e a t of v a p o r i z a t i o n —31 cals . E . F r i ede r i ch found t h e electr ical res i s tance t o be 
9 - 8 x 1 0 * o h m s a t 1000°. W h e n t h e d ioxide is h e a t e d i n hydrogen , F . W o h l e r sa id 
t h a t i t is r e d u c e d t o t h e m e t a l — v i d e supra, t h e ac t ion of w a t e r - v a p o u r on t u n g s t e n : 
W + 2 H 2 O ^ W O 2 -f- 2 H 2 . T h e p o w d e r o b t a i n e d b y t h e h y d r o g e n r e d u c t i o n process 
is p y r o p h o r i c , b u t , a cco rd ing t o A . R i c h e , af ter i t h a s s tood 24 h r s . i n h y d r o g e n , 
i t is s t ab l e in a ir . W h e n t h e d iox ide is h e a t e d in air , i t b u r n s l ike t i n d e r t o form 
t h e t r i ox ide . T h e d iox ide , f reshly p r e p a r e d b y t h e wet -process , r ap id ly oxidizes 
in a i r , a cqu i r i ng a b lue co lour ; if t h e p o w d e r h a s been dr ied , i t m a y b e k e p t in 
c o n t a c t w i t h a i r w i t h o u t c h a n g e . T h e d iox ide b u r n s , t o t h e t r i ox ide w h e n h e a t e d 
in o x y g e n ; ^ a n d t h e s a m e p r o d u c t is o b t a i n e d w h e n t h e d iox ide is h e a t e d w i t h 
mercur ic oxide* If w a t e r be in c o n t a c t w i t h t h e d iox ide for some m o n t h s , i t acqu i res 
a b lue colour . S. M. De lep ine a n d L . A . H a l l o p e a u f o u n d t h a t t h e d ioxide read i ly 
decomposes w a t e r c o n t a i n i n g a l i t t l e a lka l i in consequence of t h e fo rma t ion of a n 
a lka l i t u n g s t a t e . J . J . Berze l ius sa id t h a t a cone , boi l ing soln. of po tas s ium 
hydroxide decomposes t h e d iox ide fo rming t h e a lka l i t u n g s t a t e , a n d giving off a 
l i t t l e h y d r o g e n ; a n d A. R i c h e , a n d E . F . S m i t h a n d O. L.. S h i n n a d d e d t h a t t h e 
soln. in a lkal i - lye becomes i n t ense ly red , i t g ives off h y d r o g e n , a n d t h e n acqu i res 
a b lue colour . Ti. A . H a l l o p e a u ' s p r e p a r a t i o n w a s n o t a t t a c k e d b y cone , a lkal i - lye. 
H . E . Roscoe o b s e r v e d t h a t t h e d ioxyd ich lo r ide is fo rmed w h e n d r y chlor ine a c t s 
on t h e d iox ide ; a n d A. R i c h e , a n d E . F . S m i t h a n d O. Li. S h i n n a d d e d t h a t chlor ine-
w a t e r oxidizes t h e d iox ide t o t h e t r i ox ide . V. I . Sp i t z in a n d L.. KaschtanofE 
f o u n d h y d r o g e n chlor ide c o n v e r t s i t i n t o t h e d ioxyd ich lo r ide a n d t u n g s t e n ; a n d 
t h e y w r o t e t h e f o r m u l a W(WOg) 2 , i.e. 3 W O 2 . L . A . H a l l o p e a u f o u n d t h a t t h e 
d iox ide is a t t a c k e d n e i t h e r b y hydrochlor ic ac id n o r b y su lphuric acid. A . R iche , 
a n d E . F . S m i t h a n d O. L . S h i n n a d d e d t h a t a l i t t le of t h e d iox ide p r e p a r e d b y t h e 
w e t p rocess d issolves in cold hyd roch lo r i c or su lphu r i c ac id forming a r edd i sh soln. 
wh ich becomes p u r p l e w h e n h e a t e d ; t h e soln. r e m a i n s r e d for a long t i m e , b u t i t 
s lowly decomposes fo rming t h e b lue ox ide . T h e c h a n g e occurs r a p i d l y if t h e soln. 
is h e a t e d . E . F . S m i t h a n d H . F l e c k found t h a t su lphur monoch lor ide conve r t s 
t h e d iox ide i n t o t h e o x y t e t r a c h l o r i d e . Accord ing t o F . Wohle r , w h e n gen t ly 
w a r m e d in d r y a m m o n i a , t h e d iox ide fo rms a b rowni sh -b l ack s u b s t a n c e con ta in ing 
h y d r o g e n a n d n i t r ogen , m i x e d w i t h u n c h a n g e d d ioxide , a n d a t a h igher t e m p . , 
t u n g s t e n is fo rmed . A . R i c h e , a n d E . F . S m i t h a n d O. L.. S h i n n found t h a t boil ing, 
a q . a m m o n i a does n o t dissolve t h e d iox ide . Accord ing t o P . S a b a t i e r a n d 
J . B . Sende rens , if t h e d iox ide is h e a t e d t o 450° o r 500° in n i trous oxide, t h e b lue 
h e m i p e n t o x i d e is f o r m e d — n e i t h e r n i t r i c ox ide n o r n i t r o u s fumes were observed, 
t h e n i t r o u s ox ide is r e d u c e d t o n i t r ogen . A t a b o u t 500°, t u n g s t e n d ioxide r eac t s 
v igorous ly w i t h n i tr ic ox ide fo rming t h e b lue h e m i p e n t o x i d e ; a n d a t a b o u t 300°, 
ni t rogen peroxide f o rms a m i x t u r e of t u n g s t e n h e m i p e n t o x i d e a n d t r iox ide . 
A. R i c h e , E . F . S m i t h a n d O. L . Sh inn , a n d L . A . H a l l o p e a u obse rved t h a t cold 
nitr ic ac id s lowly oxid izes t h e d iox ide t o t h e t r i ox ide ; a n d A. R i c h e found t h a t 
a q u a reg ia fo rms a s imi la r p r o d u c t . H . C. G r e e n w o o d found t h a t t h e dioxide is 
r e d u c e d t o t h e m e t a l w h e n i t is h e a t e d w i t h carbon t o a b o u t 1020°. O. B r u n n e r 
s h o w e d t h a t w h e n t u n g s t e n d iox ide is h e a t e d w i t h carbon dioxide i t is oxidized : 
W 0 2 + C 0 2 = W 0 8 + C O . A. R i c h e , a n d E . F . S m i t h a n d O. L . Sh inn found t h a t 
t h e d iox ide r educes a n a m m o n i a c a l soln. of s i lver n i trate t o si lver ; a n d cupric 
a n d mercur ic Chlorides a r e r e d u c e d t o c u p r o u s a n d m e r c u r o u s chlorides respect ively. 
H . v o n W a r t e n b e r g a n d H . Moehl found t h a t t h e r e is a b a l a n c e d reac t ion a t h igh 
t e m p . W i t h a l u m i n i u m , Zirconium, a n d t h o r i u m a n d t u n g s t e n dioxide, vide 
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supra, t h e chemica l p rope r t i e s of t u n g s t e n . JP. W o h l e r found t h a t w h e n a m i x t u r e 
of t h e d iox ide a n d s o d i u m carbonate is h e a t e d o u t of c o n t a c t w i t h a i r , t u n g s t e n 
a n d s o d i u m t u n g s t a t e a r e fo rmed . 

F . W o h l e r 3 obse rved t h a t w h e n ac id s o d i u m t u n g s t a t e is r e d u c e d b y h y d r o g e n , 
a b ronze-co loured p o w d e r is o b t a i n e d . T h e p r o d u c t is a m e m b e r of a series of 
r e d u c t i o n p r o d u c t s of t h e a lka l i a n d a lka l ine e a r t h t u n g s t a t e s w h i c h h a v e b e e n 
de s igna t ed tungsten-bronfces because , owing t o t he i r i n t e n s e a n d v i v i d co lours , a n d 
t he i r r e m a r k a b l e chemica l i n a c t i v i t y , t h e y c a n be u s e d a s s u b s t i t u t e s for bronze-
powders. Th i s t e r m is app l i ed t o f inely-divided or p o w d e r e d me ta l s—e .g . b r a s s , 
b ronze , a l u m i n i u m , a n d c o p p e r — w h i c h , w h e n m i x e d w i t h a su i t ab l e b i n d i n g 
mate r i a l—e .g . v a r n i s h , or a m y l a c e t a t e — c a n b e u s e d as p a i n t s for o r n a m e n t a l a n d 
d e c o r a t i v e p u r p o s e s , a n d for p r o t e c t i n g i ron , e tc . , a g a i n s t cor ros ion . 

T h e t u n g s t e n - b r o n z e s a p p e a r t o c o n t a i n severa l s e x i v a l e n t t u n g s t e n a t o m s , 
a n d one q u a d r i v a l e n t t u n g s t e n a t o m . The i r compos i t i on c a n b e r e p r e s e n t e d b y 
raR20.nW08.W02, a l t h o u g h in t h e m a j o r i t y of t h e m m is u n i t y , a n d t h e gene ra l 
f o r m u l a is t h e n R 2 O-WWO 3 -WO 2 , or s imp ly R 2 (WOa) n .* J- T h e chemica l n a t u r e 
of t h e t u n g s t e n - b r o n z e s h a s n o t been w o r k e d o u t . M a n y of t h e m a r e p r o b a b l y 
solid soln. of different i nd iv idua l s . Different formulas h a v e been app l i ed t o t h e 
p r o d u c t s of a p p a r e n t l y s imi lar r eac t ions . T h u s , G. v o n K n o r r e h e a t e d e q u i m o l a r 
p r o p o r t i o n s of s o d i u m a n d p o t a s s i u m t u n g s t a t e s t o r edness in h y d r o g e n a n d o b t a i n e d 
on one occasion a p u r p l e - r e d b ronze , 2 N a 4 W 5 O 1 5 - S K 2 W 4 O 1 2 , a n d on a n o t h e r 
occas ion a d a r k r e d b ronze , 2 N a 2 W 3 O 9 . 3 K 2 W 4 O 1 2 . Dif ferent p r o d u c t s h a v e 
p r o b a b l y been g iven t h e s a m e fo rmula . E a c h new i n v e s t i g a t i o n furn ishes n e w 
p r o d u c t s , b u t r a r e l y a re t h e r e p o r t s of p r ev ious w o r k e r s c o m p l e t e l y conf i rmed . 
The re a re difficulties (i) in t h e a n a l y t i c a l d e t e r m i n a t i o n of t h e r a t i o of t h e t o t a l 
t u n g s t e n t o t h a t p r e s e n t i n t h e q u a d r i v a l e n t fo rm (ii) in recogniz ing w h e t h e r t h e 
p r o d u c t s a r e chemica l i nd iv idua l s or m i x t u r e s because of t h e i r gene ra l inso lubi l i ty , 
a n d res i s t ance t o a t t a c k b y o r d i n a r y r e a g e n t s . W h e n h e a t e d in h y d r o g e n ch lor ide , 
V. I . Sp i t z in a n d J J . Kasch tanof f f o u n d t h a t t h e d ioxyd ich lo r ide is fo rmed , s o d i u m 
chlor ide , a n d t u n g s t e n a re fo rmed , a n d t h e y t h i n k t h a t t h e i r r e su l t s agree w i t h t h e 
fo rmula (Na 2 W 2 Og) 3 , or N a 0 [ ( W O 4 ) 3 W ( W O 3 ) 2 ] , for t h e yel low b r o n z e s ; a n d 
( N a 2 W 3 0 9 ) 3 , or N a 6 [ ( W 0 4 ) 3 ( W 0 3 ) 3 W ( W 0 3 ) 2 ] , for t h e r ed b ronzes . (iii) I n r e p e a t i n g 
t h e w o r k of p rev ious i n v e s t i g a t o r s because of u n r e c o g n i z e d b u t essen t ia l cond i t i ons 
for p r o d u c i n g p a r t i c u l a r r e su l t s . I n some cases , a r r e s t e d r e a c t i o n s a r e involved—-
vide 4 . 3 1 , 33 . T h u s , O. B r u n n e r showed t h a t t h e r e a c t i o n w i t h t h e ye l low s o d i u m 
t u n g s t e n b ronze : 3 N a 2 W 2 O 6 = F ^ N a 2 W O 4 + 2 N a 2 W 2 O 7 + W , is revers ib le , a n d if i t 
be slow, or if t h e t e m p , be v a r i a b l e , i t will be difficult t o o b t a i n a defini te p r o d u c t . 

T h e t u n g s t e n - b r o n z e s a r e o b t a i n e d : (1) b y t h e r e d u c t i o n of a n ac id t u n g s t a t e 
w i t h h y d r o g e n , coal gas , or t i n , z inc , or i ron a t a h igh t e m p . — F . W o h l e r , a n d 
H . W r i g h t ; (2) b y t h e e lec t ro ly t i c r e d u c t i o n of a fused p o l y t u n g s t a t e — 
C Scheibler , A. S t a v e n h a g e n , E . E n g e l s , L . a n d H . H . K a h l e n b e r g , a n d E . Z e t t n o w ; 
a n d (3) b y m e l t i n g m i x t u r e s of n o r m a l or ac id t u n g s t a t e s w i t h t u n g s t e n d iox ide , 
o u t of c o n t a c t w i t h a i r — O . B r u n n e r . Acco rd ing t o V. I . Sp i t z in , t h e t u n g s t a t e s 
a r e r e d u c e d b y h y d r o g e n a t 650° t o 700° t o a c o n s t a n t w e i g h t ; a n d t h e p r o d u c t s 
f rom t h e d i t u n g s t a t e , N a 2 W 2 O 7 , p a r a t u n g s t a t e , N a 1 0 W 1 2 O 4 1 , t e t r a t u n g s t a t e , 
N a 2 W 4 O 1 3 , a n d p e n t a t u n g s t a t e , N a 2 W 6 O 1 6 , a r e , in e v e r y case , m i x t u r e s of s o d i u m 
t u n g s t a t e , N a 2 W O 4 , a n d t u n g s t e n . A b o v e 700°, a f u r t h e r loss i n w e i g h t t a k e s 
p lace , a n d a t 900° , e a c h of t h e a b o v e ac id t u n g s t a t e s a n d also s o d i u m t u n g s t a t e a r e 
r e d u c e d t o t u n g s t e n . T h e v a r i o u s t u n g s t e n b ronzes a re a lso r e d u c e d t o s o d i u m 
t u n g s t a t e a n d t u n g s t e n a t 650° -700° . T h e b l u e b ronze , N a 2 W 6 O 1 6 , is r e d u c e d 
success ively t o t h e viole t , N a 2 W 4 O 1 2 , t h e r ed , N a 2 W 3 O 0 , a n d t h e ye l low b r o n z e s , 
N a 2 W 2 O 6 ; t h i s r e d u c t i o n t a k e s p lace c o m p a r a t i v e l y s lowly a t 550° a n d r a p i d l y 
a t 650°, b u t a t n o t e m p e r a t u r e does r e d u c t i o n cease a t a n y i n t e r m e d i a t e s t a g e . 
T h e f o r m a t i o n of b ronzes b y t h e r e d u c t i o n of ac id t u n g s t a t e s is be l i eved t o t a k e 
p lace a c c o r d i n g t o e q u a t i o n s of t h e t y p e : N a 2 W 4 O 1 3 + H 2 = N a 2 W 4 O 1 2 ^ H 2 O ; 
N a 2 W 4 0 1 2 + 3 H 2 — N a s W a O g + W + S H a O . I n t h i s case , t h e molecu le of b r o n z e 
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cou ld n e v e r c o n t a i n m o r e a t o m s of t u n g s t e n t h a n t h a t of t h e t u n g s t a t e f rom 
which i t w a s p r e p a r e d . Th i s , however , is s o m e t i m e s t h e ease , b u t is a sc r ibed t o 
i m p u r i t i e s in t h e t u n g s t a t e ; t h u s , s o d i u m t e t r a t u n g s t a t e y ie lds a b lue b r o n z e , 
b u t t h e m e t a t u n g s t a t e , N a 2 W 4 O 1 3 J l O I I 2 O , wh ich c a n b e purif ied b y c rys ta l l i za t ion 
f rom w a t e r , y ie lds t h e v io le t b r o n z e . 

T h e colour of t h e t u n g s t e n b ronzes r anges f rom golden-yel low, redd ish-ye l low, 
pu rp le - r ed , v io le t , b lue , t o b lu i sh -b lack . As t h e p r o p o r t i o n of t u n g s t e n increases , 
t h e colour c h a n g e s i n t h e o rde r i n d i c a t e d . I n t h i n l ayers , t h e b ronzes a r e m o r e or 
less t r a n s l u c e n t , a n d t h e co lour b y t r a n s m i t t e d l i gh t m a y b e c o m p l e m e n t a r y t o 
t h a t b y reflected l igh t . These b r o n z e s a r e usua l ly c rys ta l l ine—genera l ly a s cubes 
or need les . T h e i r s p . gr . is h i g h r a n g i n g f rom 6-5 t o 7-5. F o r t h e luminescence of 
t h e t u n g s t e n - b r o n z e s , vide infra, c a l c i u m t u n g s t a t e . T h e y a re good c o n d u c t o r s 
of e lec t r ic i ty . T h e y a r e insoluble i n w a t e r ; a n d w i t h t h e excep t ion of hydrof luor ic 
ac id a r e n o t a t t a c k e d b y t h e u s u a l ac ids . H o t a q u a regia a c t s o n some of t h e 
t u n g s t e n b r o n z e s . T h e y a re n o t a c t e d o n b y a lkal i - lye , b u t t h e y a re decomposed 
b y fusion w i t h a lka l i h y d r o x i d e , su lphu r , a n d a m m o n i u m h y d r o s u l p h a t e or per­
s u l p h a t e . S o m e of t h e b ronzes were s h o w n b y O. B r u n n e r t o b e ox id ized w h e n 
h e a t e d w i t h c a r b o n d iox ide t o fo rm c a r b o n m o n o x i d e . T h e y a re oxid ized t o t u n g -
s t a t e s w h e n h e a t e d in a i r or oxygen , or w h e n h e a t e d w i t h mercu r i c ox ide . W h e n 
boi led w i t h a n a m m o n i a c a l soln. of s i lver n i t r a t e , s i lver is p r e c i p i t a t e d . O. B r u n n e r 
s h o w e d t h a t t h e t u n g s t e n - b r o n z e s w i t h a r e l a t i ve ly sma l l p r o p o r t i o n of t u n g s t e n 
d e c o m p o s e w h e n h e a t e d , fo rming t u n g s t e n , n o r m a l t u n g s t a t e , a n d a t u n g s t e n - b r o n z e 
w i t h a h igher p r o p o r t i o n of t u n g s t e n , e.q. 3 N a o W 2 0 6 ^ W - { - N a 2 W 0 4 - | - 2 ( N a 2 W 0 4 . 
W O 3 ) . 

Lit7iiu9n-tu?igsten-bronzes w e r e p r e p a r e d b y O. B r u n n e r , W . Ee i t , I J . A. H a l l o p e a u , 
G. v o n K n o r r c , a n d C. Scheib ler . T h u s , L i 2 W 4 O 1 2 furn ishes s teel-blue, microscopic 
p l a t e s of s p . gr . 7*50 ; L i 2 W 5 O 1 5 a p p e a r s i n d e e p b lue , microscopic p r i sms w h e n 
l i t h i u m p a r a t u n g s t a t e is fused w i t h t i n , or fused p a r a t u n g s t a t e is e lec t ro lyzed ; 
L i 2 W 7 O 2 1 is s tee l -b lue ; a n d L i 2 W 6 O 1 5 - S K 2 W 4 O 1 2 a p p e a r s in viole t needles w h e n 
a fused m i x t u r e of e q u i m o l a r jxroport ions of l i t h i u m a n d p o t a s s i u m t u n g s t a t e s is 
r e d u c e d 1Wdth t i n . 

Soditini-ttingsten-bronzes w e r e p r e p a r e d b y E . F . A n t h o n , O. B r u n n e r , L . a n d 
H . H . K a h l e n b e r g , F . J . M a l a g u t i , F . M a r g u e r i t t e , H . Schni iz ler , J . P h i l i pp , 
J . P h i l i p p a n d P . H . Schwebe l , C. Scheibler , F . Woh le r , a n d H . W r i g h t . T h u s , 
N a 2 W 2 O 6 furnishes go lden-ye l low cubes of s p . gr . 7-28 ; N a 2 W 3 O 9 , pu rp l e - r ed 
o c t a h e d r a of s p . gr . 7-22 ; N a 2 W 4 O 1 2 , v io le t needles of sp . gr. 7-195 ; a n d 
N a 2 W 5 O 1 5 , b l u e c u b e s w i t h a c o p p e r - r e d lu s t r e . W . F e i t , a n d Gr. von K n o r r e p r e ­
p a r e d 3 E L 2 W 4 O 1 2 . 2 N a 2 W 3 O 9 , a n d 5 K 2 W 4 O 1 2 . 2 N a 2 W 5 O 1 5 a s i n d i c a t e d a b o v e . B o t h 
a r e d a r k r e d ; t h e l a t t e r h a s a s p . gr . 7-117, a n d w h e n powdered , becomes b lue . 

Potassium-tungsten-bronzes w e r e p r e p a r e d b y O. B r u n n e r , L . A. Ha l lopeau , 
G. v o n K n o r r e , A . L a u r e n t , E . Schaefer , a n d E . Z e t t n o w . T h e K 2 W 4 O 1 2 b ronze 
furn ishes r edd i sh -v io l e t p r i s m s of s p . gr . 7 -1 . A suspens ion a p p e a r s b lue b y t r a n s ­
m i t t e d a n d g reen b y ref lec ted l i gh t . Gr. v o n K n o r r e a n d E . Schaefer were of t h e 
o p i n i o n t h a t t h i s is t h e o n l y p o t a s s i u m - t u n g s t e n - b r o n z e k n o w n , b u t o the r s h a v e 
b e e n r epo r t ed—e .g . O. B r u n n e r o b t a i n e d redd ish-v io le t K 2 W 3 O 9 ; a b lue m i x t u r e 
K 2 W 4 O 1 2 - I - K 2 W 5 O 1 6 ; a n d b l u e m i x t u r e s of t h e u l t i m a t e compos i t ion K 2 W 6 O 1 6 , 
K 2 W 6 O 1 8 J a n d K 2 W 8 O 2 4 . 

Alkali-alkaline earth-tungsten-bronzes were p r e p a r e d b y E . Enge l s b y t h e 
e lec t ro lys is of fused m i x t u r e s of p o t a s s i u m or s o d i u m t u n g s t a t e w i t h t h e ca lcu la ted 
a m o u n t of a l k a l i n e e a r t h c a r b o n a t e . H e r e p o r t e d t h e following p r o d u c t s : 
Ca W 4 0 1 2 . 5 N a 2 W 6 O 1 5 , i n b l u e p y r a m i d s ; C a W 4 O 1 2 - I O N a 2 W 3 O 9 , in purp le - red 
c u b e s o r p y r a m i d s ; C a W 4 O 1 2 . 5 K 2 W 4 O 1 2 , i n g l i s ten ing red needles ; S r W 4 O 1 2 . 
5 N a 2 W 6 O 1 6 , in v io le t p y r a m i d s ; S r W 4 O 1 2 . 1 2 N a 2 W 6 O 1 6 , in ca rmine - r ed p y r a m i d s ; 
S r W 4 0 1 2 . 5 K 2 W 4 O 1 2 , i n r e d needles : 2 B a W 4 0 1 2 . 3 N a 2 W 5 O 1 5 , in d a r k b lue c rys ta l s ; 
B a W 4 O 1 2 - S N a 2 W 8 O 9 , in ye l lowish-red cubes ; a n d B a 4 O 1 2 . 5 K 2 W 4 O 1 2 , in v iole t - red 
p r i s m s . 
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Thorium-tungsten-bronzes.—C. J. Smitkells inferred that the coloured thona 
residues from dissolved thoriated tungsten filaments, which have been heated to a 
high temp., contain thorium-tungsten-bronzes. 
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§ 10. Tungsten Trioxide 
K. Sil l inian 1 o b s e r v e d t h e occur rence of a b r i g h t yel low, or yel lowish-green, 

p u l v e r u l e n t e a r t h y m i n e r a l wh ich h e cal led tungstic ochre a t Monroe , Connec t i cu t ; 
i t w a s ca l led oxide of tungsten b y W . Ph i l l i p s ; acide tungstzque, b y F . S. B e u d a n t ; 
Wolfrainocker9 b y C. C. v o n L e o n h a r d ; W o l f r a m s a u r e , b y F . v o n Kobe l l ; 
Schee lsaure , a n d Scheelocher, b y E . F . Grlocker ; toolframine, b y K,. P . Greg a n d 
W . G. I j e t t s o m ; a n d tungs t i t e , b y J . D . D a n a . I t s compos i t i on a p p r o x i m a t e s 
t u n g s t e n tr iox ide , W O 3 . R . P . Greg a n d W . G. I j e t t som, a n d J . H . Collins found 
t u n g s t e n och re in Ca l l ing ton a n d G w e n n a p , Cornwal l ; a n d in Car rock Fel ls , 
C u m b e r l a n d . J . H . Collins cal led t h e ochre wol f rami te , a n d wol f rami te h e cal led 
wol f ram. F . S. B e u d a n t refer red t o a n occu r rence a s a yel low depos i t o n wol f rami te 
a t Z innwa ld , B o h e m i a , b u t J. J . Berze l ius found n o t u n g s t e n in t h e depos i t , a n d 
V. I i . v o n Z e p h a r o v i c h does n o t m e n t i o n i t . A. L a c r o i x obse rved i t s occur rence 
a t L a Vi la te , H a u p t e - V i e n n e ; a n d V a u b r y , Pury - l e s -Vignes ; a n d a t M e y m a c , 
Correze ; whi le P . A. D u f r e n o y found i t n e a r L*imoges. I n a d d i t i o n t o t h e occur­
r ence a t Monroe , Connec t i cu t , J . D . D a n a o b t a i n e d t h e ochre f rom Caba r ru s , 
Caro l ina ; a n d F . IX S m i t h , f rom Osceola, N e v a d a . W . F . P e t t e r d obse rved i t s 
occur rence a t B e n L o m o n d , T a s m a n i a . J . B . Scr ivenor a n d J . C. S h e n t o n obse rved 
a honey-ye l low, c rys ta l l ine m i n e r a l in t h e K r a m a t P u l a i m i n e in t h e F e d e r a t e d 
M a l a y S t a t e s . T h e c rys t a l s were r h o m b i c ; t h e sp . gr . 5*55 ; a n d t h e compos i t ion 
a p p r o x i m a t e d ( T h O 2 5 C e 2 O 3 5 Z r O 2 ) H 2 O + 2 W O 3 - H 2 O , a n d t h e m i n e r a l w a s called 
thorotungstite. 

T h e e x t r a c t i o n of t u n g s t e n t r i o x i d e or t u n g s t a t e s f rom wolf rami te , scheel i te , 
hub i i e r i t e , e t c . , h a s b e e n p r e v i o u s l y d i scussed ; so also h a s t h e pur i f ica t ion of t h e 
t u n g s t e n t r i o x i d e . T h e t r i o x i d e is fo rmed b y t h e o x i d a t i o n of t h e m e t a l ; I . JLtang-
m u i r 2 o b s e r v e d t h a t t u n g s t e n wi res h e a t e d i n o x y g e n a t a low press , form t h e 
t r i ox ide a t a b o u t 530°, a n d a b o v e th i s t e m p , t h e ox ide vola t i l izes . T h e t r iox ide is 
also o b t a i n e d b y r o a s t i n g t h e lower ox ides , or t h e o x y n i t r o g e n c o m p o u n d s , t h e 
h y d r a t e d t u n g s t e n ox ides , a m m o n i u m t u n g s t a t e , a m m o n i u m oxyf luo tungs ta t e s , 
o r t u n g s t e n s u l p h i d e . As p r ev ious ly i nd i ca t ed , h y d r a t e d t u n g s t e n t r iox ide is 
p r e c i p i t a t e d b y a d d i n g a n ac id t o a soln. of a t u n g s t a t e . J . A. M. v a n L i e m p t 
s t u d i e d t h e inf luence of t e m p , a n d t h e cone, of t h e ac id o n p r ec ip i t a t ed t u n g s t e n 
t r i o x i d e . T h e p r e c i p i t a t e cons is t s of a m i x t u r e of t h e w h i t e a n d t h e yel low forms 
of t h e t r i ox ide , t o g e t h e r w i t h a n a d s o r p t i o n c o m p o u n d w i t h wa te r . T e m p , has 
l i t t l e effect o n t h e p r e c i p i t a t i o n , b u t in o rde r t o o b t a i n t h e p rec ip i t a t e in a g r anu l a r 
a n d easi ly m a n i p u l a t e d fo rm, i t is adv i sab le t o use a n excess of h ighly cone, h y d r o ­
chlor ic or n i t r i c ac id . T h e r a t e of p r ec ip i t a t i on d e p e n d s on t h e m e t h o d of mix ing 
t h e soln. W h e n t h e s o d i u m t u n g s t a t e soln. is a d d e d d r o p b y d r o p t o t h e acid, t h e 
r a t e of p r e c i p i t a t i o n d e p e n d s o n t h e degree of ion iza t ion of t h e acid. Thus , 
0*25iV-nitric, perch lor ic , a n d hydroch lo r i c ac ids showed v e r y near ly ident ica l 
p r e c i p i t a t i o n cu rves , wh i l s t 025 iV-su lphur i c ac id showed a m u c h more ex t ended 
pe r iod of i n d u c t i o n , before p r e c i p i t a t i o n s t a r t e d . This l a s t curve , however , was 
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v e r y s imi lar t o t h a t g iven b y 0-18iV-]iydrochloric acid, t h e d i ssoc ia t ion of w h i c h is 
a b o u t equa l t o t h a t of 0-252V-sulphuric ac id . W h e n t h e ac id w a s a d d e d t o t h e 
t u n g s t a t e soln. , t h e s lower t h e a d d i t i o n of t h e ac id (up t o t h e l imi t of t w e l v e 
minu t e s ) t h e slower w a s t h e s u b s e q u e n t p r e c i p i t a t i o n of t h e t u n g s t i c ac id . 
Y . N a k a z a w a a n d T. O k a d a p r e p a r e d t u n g s t i c ac id (i) b y e v a p o r a t i n g a soln . of t h e 
t r i ox ide i n cone, hydroch lo r i c ac id a n d o b t a i n e d c rys t a l s of W O 3 - H 2 O ; (ii) b y pass ­
ing s t e a m i n t o t h e soln. of t h e t r i ox ide i n cone , hydroch lo r i c ac id a n d o b t a i n e d 
c rys ta l s of W O 3 - H 2 O ; a n d (iii) b y d i l u t i n g t h e cone, hyd roch lo r i c ac id a t o r d i n a r y 
t e m p , a n d o b t a i n e d a w h i t e ac id , W O 3 . 7 H 2 O , difficult t o filter. Acco rd ing t o 
F . A. Bernoul l i , a n d A. Safar ik , t h e lemon-yel low, a m o r p h o u s t u n g s t e n t r i o x i d e 
o b t a i n e d b y t h e s e m e t h o d s c a n b e c o n v e r t e d i n t o t h e c rys ta l l ine fo rm b y s t rong ly 
h e a t i n g t h e p r o d u c t ; a cco rd ing t o A. E . Nordensk jo ld , b y fusing t h e h y d r a t e d 
t r i ox ide w i t h b o r a x a n d * w a s h i n g t h e cold m a s s w i t h hydroch lo r i c ac id , a n d a q . 
a m m o n i a ; a n d , accord ing t o H . D e b r a y , b y pass ing a c u r r e n t of h y d r o g e n ch lor ide 
over t h e t r i ox ide , or over a r e d - h o t m i x t u r e of s o d i u m t u n g s t a t e a n d c a r b o n a t e . 
E . Z e t t n o w , a n d J . Wadt le l l no t i ced t h e fo rma t ion of some c rys ta l s w h e n t h e 
t r i ox ide is h e a t e d in h y d r o g e n . A. P inage l found a s a m p l e of c o m m e r c i a l t u n g s t e n 
t r i ox ide w i t h 1-35 pe r cent , silica, 0-13 per cen t , m o l y b d e n u m t r iox ide , a n d t r ace s 
of v a n a d i u m , i ron , m a n g a n e s e , a n d s o d i u m . 

F o r a- a n d /?-forms of t u n g s t e n t r iox ide , vide supra, t h e o x i d a t i o n of t u n g s t e n . 
T h e crysta ls o b t a i n e d b y A. E . Nordensk jo ld were smal l , b r i g h t yel low, 
t r a n s p a r e n t , r h o m b i c p r i sms w i t h t h e ax ia l r a t i o s a : b : c = 0 - 7 0 0 2 : 1 : 0-3991, or 
0-6966 : 1 : 0-4026 ; a n d t h o s e o b t a i n e d b y H . D e b r a y were o c t a h e d r a l — s o m e were 
yellow- a n d t r a n s l u c e n t , o t h e r s d a r k green a n d o p a q u e . P . Niggl i s t u d i e d t h e 
e lec t ronic s t r u c t u r e . T h e c rys t a l s a re s o m e t i m e s t h i n , d a r k b lue or green needles . 
H . C. B u r g e r a d d e d t h a t t h e X - r a d i o g r a m s of b o t h t h e ye l low a n d g reen fo rms 
a re t h e s a m e . H . E . Roscoe a t t r i b u t e d t h e d i sco lora t ion t o t h e p resence of sma l l 
t r a c e s of s o d i u m sa l t s ; t h i s w a s conf i rmed b y N . H . S m i t h a n d H . S. L u k e n s . 
J . A . M. v a n L i e m p t a t t r i b u t e d i t t o t h e r educ ing ac t ion of t h e d u s t pa r t i c les 
i n t h e air , a r eac t ion wh ich is f avou red b y exposu re t o l igh t . L . Gmel in a t t r i b u t e d 
t h e green co lora t ion t o t h e p resence of r educ ing gases d u r i n g t h e i gn i t i on of t h e 
ox ide . N . H . S m i t h a n d H . S. L u k e n s showed t h a t t h e s e h y p o t h e s e s a r e n o t 
l ike ly because , a s shown b y J . 13. A. D u m a s , a n d F . A . Bernoul l i , t h e g reen ox ide 
c a n n o t b e c o n v e r t e d i n t o t h e yellow oxide b y igni t ion in a c u r r e n t of o x y g e n or 
n i t r o u s oxides . J . J . a n d F . d e E l h u y a r gave 6*13 for t h e specific grav i ty of t h e 
a m o r p h o u s , yel low oxide ; W . H e r a p a t h g a v e 5-274 a t 16-5° ; A . E . Nordensk jo ld , 
6-302 t o 6-384: ; a n d C. J . B . K a r s t e n , 7-1306 : whi le E . Z e t t n o w g a v e 7-16 a t 17° 
for t h e a m o r p h o u s oxide , a n d 7-232 a t 17° for t h e c rys ta l s . E . F . S m i t h a n d 
F . F . E x n e r gave 7-157 for t h e sp . gr. of t h e t r i ox ide o b t a i n e d b y h e a t i n g t h e 
h y d r a t e t o b r i g h t redness . H . P . W a l m s l e y g a v e 7-146 for t h e s p . gr . of t h e d i spersed 
ox ide . T h e s p . gr . of t u n g s t e n ochre is 6-3 t o 7-2. 

T h e m o l . vols , w e r e s t u d i e d b y H . Schrode r , C del F r e s n o , W . BiI tz , a n d 
D . Balareff. O. Ruff a n d A . B i e b e t h d iscussed t h e p last ic i ty of m i x t u r e s of t h e o x i d e 
w i t h w a t e r , e t c . H . V. R e g n a u l t g a v e 0-0798 for t h e specif ic h e a t , a n d H . K o p p , 
0-0894. Acco rd ing t o A . S. Russe l l , t h e sp . h t . b e t w e e n —189° a n d —80-9° is 
0 0 4 4 2 ; b e t w e e n —75-8° a n d 0° , 0-0678 ; a n d b e t w e e n 2-3° a n d 46-6°, 0 0 7 8 3 ; t h e 
co r r e spond ing m o l e c u l a r h e a t s a re 10-25,15-73, a n d 18-16. F . M. J a g e r a n d E . R o s e n -
b o h m gave C;p=0-0503755+0-13644 X10-30—0-0490476 X 1 0 "" 6 ^ 2 for t h e s p . h t , u p 
t o 1300° of t h e c rys ta l l ine , ye l lowish-green ox ide fo rmed b y h e a t i n g t u n g s t e n t o 
1300°. J . M a y d a l d iscussed t h e s p . h t . W h e n h e a t e d , t h e co lour of t u n g s t e n 
t r i o x i d e deepens t o a d a r k o range , b u t o n cool ing, t h e l emon-ye l low co lour is r e s t o r e d . 
E . D . C la rk f o u n d t h a t t h e yel low ox ide is d e c o m p o s e d in t h e o x y - h y d r o g e n f l a m e — 
p r e s u m a b l y b y h o t r e d u c i n g gases . A . R i c h e sa id t h a t t h e t r i o x i d e c a n be fused i n 
t h e g a s b l o w p i p e f lame, a n d t h e m a s s , o n cool ing, furn ishes t a b u l a r c r y s t a l s . 
W . D . B a n c r o f t a n d H . B . Weise r f o u n d t h a t w h e n t u n g s t e n t r i o x i d e is i n t r o d u c e d 
i n t o t h e o x y h y d r o g e n f lame, t h e f lame d e p o s i t s a b r i g h t , l u s t r o u s , me ta l l i c m i r r o r 
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on a cold surface. F . M. J a g e r a n d H . C. Germs gave 1473° for t h e m e l t i n g point ; 
b u t C. M a t i g n o n sa id t h a t i t does n o t m e l t a t 2130°. A. A. R e a d obse rved no c h a n g e 
in t h e compos i t ion of t h e ox ide af ter i t h a d been h e a t e d t o 1750°. W . R . M o t t 
s t u d i e d t h e vo la t i l i za t ion of t h e oxide in t h e electr ic a rc ; a n d I . L a n g m u i r found t h a t 
i n a n a t m . of o x y g e n u n d e r r e d u c e d press . , t h e t r iox ide formed on t h e surface of wire 
volat i l izes a b o v e 530°, a n d t h e h e a t e d wire a t a b o u t 930°. H . C o p a u x found t h a t 
a t a m o d e r a t e Ted-heat t u n g s t e n t r iox ide is s tab le , b u t vo la t i l i za t ion occurs a t a 
b r i g h t r e d - h e a t so m u c h so t h a t 5OO m g r m s . lost 3 m g r m s . i n 5 min . G. A. Meerson 
also found t h a t t h e t r i ox ide vola t i l izes in mois t hyd rogen above 850°. L . W o h l e r 
a n d R . Gi in the r ca lcu la ted for t h e d i s soc ia t ion pressure, p± a t m . , for t h e reac t ion 
W O 3 - V W 2 O 3 , log £ > ! = — 2 8 7 5 0 ^ - 1 + 10-53, a n d for t h e h e a t of t h e r eac t ion , 
131*4 CaIs. If pz l ikewise deno t e s t h e dissociat ion press , of W 2 O 5 - > W 0 2 (q.v.)y 
a n d p3, t h a t of W O 2 - > W (q.v.), t h e n , 

T° K. . 873° 1073° 1273° 1473° 1673° 2800° 3200° 3300° 
P1 . 1 0 - 2 4 - 4 i o - 1 8 - 3 i o - i * - 3 1 0 - 1 1 1 10 - 8 - 7 IO 
P2 . I O " 2 5 ' 6 1 0 - 1 9 . 7 1 0 - 1 5 . 6 1 0 - 1 2 . 6 I Q - I O . 3 1 . Q 

P3 . I O " 2 6 ® IO-2***? 1 0 - - 1 0 . 4 1 0 - 1 3 3 1 0 - 1 0 * 7 l -O 

F . B o r n discussed th i s sub jec t . H . A l t e r t h u m a n d F . Koref also ca lcu la ted va lues 
for t h e d issocia t ion press . ; a n d t h e y found t h e h e a t of vaporizat ion t o be 40-64 
CaIs. a t 1700° K . F o r t h e equ i l i b r ium cond i t ion in t h e reac t ion 2 W 2 0 5 + 0 2 = 4 W 0 3 
+ 5 6 - 7 CaIs., K%^[W2O5]

2COo]Z[WO3]
2 w h e n t h e b r a c k e t e d symbol s deno t e p a r t i a l 

press . , log Kz=— 5 6 7 0 0 ^ - 1 / 4 - 5 7 —1-75 log T ~ 3 . S. M. De lep ine a n d L . A. H a I -
lopeau g a v e for t h e hea t of format ion ( W , 3 0 ) = 195-41 CaIs. a t c o n s t a n t vol . , a n d 
196-3 CaIs. a t c o n s t a n t p ress . ; J . E . Moose a n d S. W . P a r r , 194-9 CaIs. ; Z. Sh iba t a , 
199-9 CaIs. ; W . G. Mix te r , 196-3 CaIs. ; a n d L,. Weiss , 192-648 t o 196-146 a t con­
s t a n t vo l . S. M. De lep ine a n d L . A. H a l l o p e a u gave (WO 2 9O) = 6 4 - 6 3 CaIs. a t 
c o n s t a n t vol . , a n d 64-9 CaIs. a t c o n s t a n t p ress . A. B e r k e n h e i m discussed t h e h e a t 
of fo rma t ion . J . J . a n d F . de E l h u y a r , a n d H . E . Koscoe sa id t h a t t u n g s t e n t r iox ide 
t u r n s g reen w h e n exposed t o d i r ec t sun l igh t , p r o b a b l y , a d d e d L . Grmelin, because 
t h e o rgan ic pa r t i c l es a n d d u s t diffused in air m a y exe r t a r educ ing act ion, so t h a t 
a sma l l p o r t i o n of t h e b lue ox ide becomes m i x e d w i t h t h e yel low t r iox ide . 
A. F . WasileefT found t h a t t u n g s t i c ac id in t h e presence of ce r ta in reduc ing agen t s 
—e.g. cel lulose—is r e d u c e d b y exposu re t o l igh t . A. R iche observed t h a t if t h e 
purif ied t r i ox ide be confined u n d e r purif ied w a t e r for 14 d a y s while exposed t o d i rec t 
sun l igh t , no green co lora t ion a p p e a r s . J . A. M. v a n L i e m p t also sa id t h a t l ight 
d i sco lours yel low t u n g s t e n t r i ox ide ; b u t JN. H . S m i t h a n d H . S. L u k e n s a d d e d t h a t 
a n y change in colour is on ly s l ight , a n d is superficial. H . M. P . B r i n t o n a n d 
A. N . L o h m a n n a d d e d t h a t t h e effect of s o d i u m sal ts is negl igibly smal l ; t h e colour 
is p r o b a b l y d u e t o t r a c e s of impur i t i e s l ike dus t . If t h e ign i ted t r iox ide b e p r o ­
t e c t e d f rom d u s t , t h e l i g h t of t h e m e r c u r y v a p o u r l a m p h a s n o ac t ion , b u t if i t be 
exposed t o t h e a t m . , a g reen colour is deve loped , a n d s imi lar ly if t h e t r iox ide w a s 
t r e a t e d w i t h redis t i l led a m m o n i a before t h e ign i t ion . T h e effect of day l i gh t is 
negligible in c o m p a r i s o n w i t h u l t r a -v io le t . A. Ivarl sa id t h a t t h e c rys ta l s exh ib i t 
t r ibo luminescence ; J . Ewles , c a t h o d o - l u m i n e s c e n c e ; b u t n o u l t ra -v io le t 
f luorescence in X - r a y s w a s obse rved b y J . O. Pe r r i ne . E . W r e d e used t u n g s t e n 
t r iox ide as a t a r g e t i n d i c a t o r t o d e t e r m i n e m a g n e t i c s e p a r a t i o n in a s t r e a m of 
un imolecu la r h y d r o g e n . C. J . Smi the l l s a n d H . P . K o o k s b y ' s X - r a y diffraction 
p a t t e r n is s h o w n in F i g . 14. P . K r i s h n a m u r t i , a n d H . Nisi s tud ied t h e R a m a n 
effect ; a n d J . S. D o n a l , t h e emiss ion of e lec t rons . J . Vrede observed t h a t t he 
ox ide is of n o use as a r ad io -de t ec to r . 

F . Bei je r inck s t a t e d t h a t t u n g s t i t e shows no ev idence of e lectrical conductivity . 
E . Fr ieder ich gave 1-8 X 10» o h m pe r sq. m m . for t h e res i s tance . W Meyer examined 
t h e e lec t r ica l c o n d u c t i v i t y of compres sed rods of t h e powdered t r iox ide , a n d for a 
r o d 0-2 X0-18 c m . sect ion, a n d 0-37 cm. long, h e gave a t r o o m t e m p . : 
Volts . 0 0 3 3 0 1 0 0 0-200 0-300 0-400 0-666 1000 
Amperes . 00 6 275 00 5 825 00 4166 00 4 245 0-04330 0O4541 00 4 815 
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T h e e lectro lys i s of fused t u n g s t a t e s , a n d of soln. of t u n g s t e n t r i o x i d e in va r ious 
s o l v e n t s h a s b e e n d iscussed in connec t i on w i t h t h e e lec t rodepos i t ion of t u n g s t e n . 
L . A n d r i e u x e lec t ro lyzed a soln. of t h e ox ide in fused bor ic ac id . O. Co l l enburg a n d 
J . B a c k e r found t h a t a t a p l a t i n u m c a t h o d e , soln. of a lka l i t u n g s t a t e s in cone , 
hyd roch lo r i c ac id ( con ta in ing t h e oxych lo r ide WO 2 Cl 2 ) a re r e d u c e d q u a n t i t a t i v e l y t o 
d e r i v a t i v e s of q u i n q u e v a l e n t t u n g s t e n , w h e r e a s r e d u c t i o n p roceeds fu r t he r a t a 
m e r c u r y , l ead , or t i n c a t h o d e . A b o v e 16°, s o d i u m t u n g s t a t e g ives q u a n t i t a t i v e 
y ie lds of t e r v a l e n t t u n g s t e n d e r i v a t i v e s a t t h e base m e t a l c a t h o d e , b u t be low 16°, 
r e d u c t i o n is n o t so c o m p l e t e ; p o t a s s i u m t u n g s t a t e is c o m p l e t e l y r e d u c e d o n l y a t 
a l ead c a t h o d e . D u r i n g r e d u c t i o n , t h e co lour of t h e soln. c h a n g e s first t o b l u e w h e n 
t h e t u n g s t e n is i n t h e q u i n q u e v a l e n t form, a n d t h i s co lour s lowly fades on f u r t h e r 
r e d u c t i o n , y ie ld ing e v e n t u a l l y a ye l lowish-green or r e d soln. of t e r v a l e n t t u n g s t e n . 
T h e ye l lowish-green soln. is a l w a y s o b t a i n e d a b o v e 35° ; i t c o n t a i n s c o m p o u n d s of 
t h e t y p e R ' g W 2 C l 0 . T h e r e d soln. is o b t a i n e d a t 16° a n d c o n t a i n s c o m p o u n d s of t h e 
t y p e RZ 2 (WCl 5 4 H 2 O) wh ich a re u n s t a b l e , c h a n g i n g on keep ing or w a r m i n g t o c o m ­
p o u n d s of t h e f i r s t -named t y p e . Accord ing t o O. Col lenburg a n d IC. Wi l son , 
e lec t ro lys is of soln. c o n t a i n i n g 31*2 g r m s . of p o t a s s i u m t u n g s t a t e a n d 16 g r m s . of 
oxal ic ac id i n 100 c.c. a t a c u r r e n t d e n s i t y of OrOl-0-03 a m p . p e r sq . d m . a n d a 
t e m p , of n o t less t h a n 70° w i t h l ead or t i n c a t h o d e s l eads t o a c o m p l e t e r e d u c t i o n 
of t u n g s t e n t o t h e q u i n q u e v a l e n t s t age a n d n o fu r the r . T h e m e t h o d is well a d a p t e d 
t o t h e p r e p a r a t i o n of q u i n q u e v a l e n t t u n g s t e n c o m p o u n d s . K . E i s c h b e c k a n d 
E . E i n e c k e found t h a t w h e n used a s a n o d e in t h e e lec t ro lys is of 2 p e r cen t , s u l p h u r i c 
ac id , t u n g s t e n t r i o x i d e is r e d u c e d t o t h e b lue ox ide . A . M. IleefE s t u d i e d t h e 
thermoelec tr ic force of p o w d e r e d t u n g s t e n t r i o x i d e . E . W e d e k i n d a n d C. H o r s t 
found t h e m a g n e t i c susceptibi l i ty t o be 0-808 X 10"~6 m a s s u n i t s a t 15° ; S. B e r k m a n 
a n d H . Zocher g a v e 0-20 X 10~~6 m a s s u n i t s . S. F r e e d a n d C. K e s p e r s t u d i e d t h e 
sub jec t . 

G. C. Gmel in 3 d i scussed t h e phys io logica l a c t i o n of sa l t s of t u n g s t i c ac id . 
T u n g s t e n t r i ox ide is m o r e s t ab l e a n d less r e a d i l y r e d u c e d t h a n t h e c o r r e s p o n d i n g 
t r i o x i d e of m o l y b d e n u m or c h r o m i u m . I t is a n ac id a n h y d r i d e fo rming t u n g s t i c 
ac id w i t h w a t e r . T h e ac id a n d i t s a n h y d r i d e were s h o w n b y O. W . G ibbs , a n d 
J . C. G. d e M a r i g n a c t o h a v e a t e n d e n c y t o fo rm complexes w i t h p h o s p h o r i c , si l icic, 
bor ic , a n d o t h e r ac ids ; a n d b y C. E r i e d h e i m , t o h a v e a t e n d e n c y t o fo rm c o n d e n s a ­
t i o n p r o d u c t s . I n i l l u s t r a t ion , t h e ox ides of p h o s p h o r u s , a r sen ic , a n t i m o n y , a n d 
b i s m u t h u n i t e w i t h t u n g s t e n t o fo rm c o m p l e x sa l t s ; a l u m i n i u m , m a n g a n e s e , i ron , 
c h r o m i u m , nickel , coba l t , p r a s e o d y m i u m , n e o d y m i u m , l a n t h a n u m , a n d c e r i u m 
also fo rm a series of t u n g s t a t e s . T . G. y A r n a l d iscussed t h e r e a c t i o n s of t u n g s t a t e s 
w i t h v a r i o u s sa l t s . 

J . J . Berze l ius 4 obse rved t h a t h y d r o g e n r educes h e a t e d t u n g s t e n t r i o x i d e in 
s t ages , fo rming first a blue ox ide , t h e n a b r o w n oxide , a n d t h e n t h e m e t a l . T h e 
obse rva t i ons of G. C h a u d r o n a n d of L . W o h l e r a n d W . P r a g e r , L . W o h l e r a n d 
O. BaIz , I J . W o h l e r a n d R . Gi in ther , W . R e i n d e r s a n d A. W . Ve rv loe t , a n d 
H . A l t h e r t h u m a n d F . Koref, on t h i s r e a c t i o n h a v e b e e n d i scussed in con­
n e c t i o n w i t h t h e b l u e ox ide , a n d w i t h t h e m e t a l . E . W . E n g l e sa id t h a t r e d u c t i o n 
c o m m e n c e s a t 620° a n d is r a p i d a t 950° . C. W . D a v i s sa id t h a t t h e m i x t u r e of 
b r o w n ox ides is o b t a i n e d a t 800°—900°, a n d a t 1080°, t h e m e t a l itself i s f o rmed . 
T h e r e a c t i o n w a s s t u d i e d b y Z. S h i b a t a . J . N . P e a r c e a n d M. J . R i c e s t u d i e d t h e 
a d s o r p t i o n of w a t e r v a p o u r b y t h e o x i d e . C. R e i c h a r d o b s e r v e d t h a t n a s c e n t 
h y d r o g e n , f rom zinc a n d dil . h y d r o c h l o r i c or s u l p h u r i c ac id w i t h t u n g s t e n t r i o x i d e 
i n suspens ion , g ives a p a l e b lue co lo r a t i on w h i c h g r a d u a l l y b e c o m e s d a r k e r . 
F . W o h l e r sa id t h a t t h e r e d u c t i o n u n d e r t h e s e c o n d i t i o n s p r o c e e d s t o t h e b l u e o r 
v io le t ox ide , a n d finally t o c o p p e r - r e d t u n g s t e n d iox ide ; a n d O. F . v a n d e r P f o r d t e n 
a lso g a v e t h e d iox ide a s t h e e n d - s t a g e of t h e reduc t ion , b y zinc a n d ac id . E . T , A l l en 
a n d V. H . G o t t s c h a l k found t h a t t h e r e d u c t i o n does n o t occur w i t h a l u m i n i u m i n 
a lka l ine so ln . J . J . a n d E . de E l h u y a r f o u n d t h a t t h e ox ide is inso lub le in w a t e r J 
and A. Riche, that it can be exposed to direct sunlight while under water wifebpiit 
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losing i t s colour . If r u b b e d t o a fine powder with wa te r , p a r t of i t passes t h r o u g h 
n i t e r -pape r a s a t u r b i d l iquid—v ide infra, colloidal t u n g s t e n t r iox ide . T u n g s t e n 
t r iox ide is tas te less , a n d if i t h a s been igni ted , i t does n o t r e d d e n b lue l i t m u s . T h e 
h y d r a t e s a re d iscussed below. T. F a i r l e y found t h a t t u n g s t e n t r iox ide is c o n v e r t e d 
i n t o a h igher oxide b y hydrogen dioxide. B . Kel lner said t h a t t h e freshly-precipi­
t a t e d t r iox ide is easi ly so luble in h y d r o g e n dioxide , b u t when dr ied i t is on ly p a r t i a l l y 
soluble ; a n d af ter igni t ion , i t is insoluble—vide infra, p e r t ungs t i c acid . A. L o t t e r -
mose r sa id t h a t h y d r o g e n d iox ide is ca t a ly t i ca l ly decomposed in t h e presence of 
t u n g s t i c ac id in acco rd w i t h t h e e q u a t i o n dx/dt=kx(a — x). This is due t o t h e r a p i d 
fo rma t ion of tungsten trioxide hydroperoxide, W O 3 J i 2 O 2 : T h e pho tochemica l 
decompos i t ion of t h e d ioxide a n d dex t rose w i t h tungs t i c "acid as a c a t a l y s t was 
s t u d i e d b y J . C. Ghosh a n d J . Mukher j ee . 

Accord ing t o A. R iche , w h e n t h e t r i ox ide is h e a t e d w i th chlorine, a yellow 
d ioxydich lor ide is fo rmed ; b u t a n ana logous r eac t ion w i t h bromine , or w i t h iodine 
does n o t occur . R . W a s m u h t s t u d i e d t h e r eac t ion w i t h chlor ine a n d t h e h e a t e d 
t r iox ide . K . F r e d e n h a g e n a n d G. C a d e n b a c h said t h a t t h e t r i ox ide is n o t dissolved 
or c h a n g e d b y l iquid hydrogen fluoride. A . Michael a n d A. M u r p h y found t h a t a 
soln. of chlor ine in c a r b o n t e t r a c h l o r i d e a t t a c k s t h e t r i ox ide a t 240°, forming WOCl 4 , 
a n d a t 280°, WCl 6 . O. Ruf i a n d H . K r u g found t h a t t h e t r iox ide is a t t a c k e d wi th 
incandescence b y ch lor ine trifluoride. H . C o p a u x found t h a t some t u n g s t e n is los t 
b y vo la t i l i za t ion w h e n t h e t r i ox ide is n e a t e d in h y d r o g e n chloride a t 500°, a n d 
V. I . Sp i tz in a n d L. KaschtanofE sa id t h a t t h e d ioxych lo r ide commences t o form a t 
300° . J . J . Berze l ius obse rved t h a t t u n g s t e n t r i ox ide wh ich h a s been ign i ted is 
spa r ing ly soluble in hydrofluoric ac id ; a n d A. R i c h e f o u n d t h a t i t dissolves in cone, 
hydrof luor ic ac id a t 50° t o 60°, fo rming a n oxyf luor ide . W . K . v a n H a a g e n a n d 
E . F . S m i t h sa id t h a t hydrof luor ic ac id h a s scarcely a n y ac t ion on t h e t r iox ide . 
T h e ign i t ed t r iox ide is insoluble in hydrochlor ic ac id . A. P inage l found t h a t no 
t u n g s t e n is los t b y vo la t i l i za t ion w h e n t h e t r i ox ide is h e a t e d w i t h a m i x t u r e of h y d r o ­
fluoric a n d hydroch lo r i c ac ids . E . T . Al len a n d V. H . G o t t s c h a l k found t h a t t h e 
t r i ox ide is r e d u c e d w h e n i t is h e a t e d w i t h fuming hydriodic ac id i n a sealed t u b e 
a t 200°. Accord ing t o H . O. Schulze , a l m o s t all chlorides a r e decomposed when 
h e a t e d w i t h t u n g s t e n t r iox ide in t h e p resence of oxygen , t u n g s t a t e s a re formed, a n d 
chlor ine is evolved . If h e a t e d wi t l i ca l c ium chlor ide in t h e absence of air, t h e 
r e a c t i o n is symbol i zed : C a C l 2 + 2 W 0 3 = C a W 0 4 + W 0 2 C l 2 . The chlor ides of 
m a g n e s i u m , i ron, coba l t , a n d n ickel b e h a v e s imilar ly , but* n o t t h e alkal i chlorides. 
T h e chlor ides of l ead a n d si lver a re decomposed . L . a n d H . H . K a h l e n b e r g found 
t h a t t u n g s t e n t r i ox ide a n d t u n g s t i c ac id a re soluble in fused alkal i chlorides ; 
100 g r m s . of fused s o d i u m chlor ide will dissolve 21-3 gr ins , of t h e t r iox ide ; some 
chlor ine is evo lved d u r i n g t h e r eac t ion , a n d w h e n t h e m a s s is cooled, m o s t of i t 
dissolves in w a t e r , b u t a l i t t l e w h i t e p o w d e r r e m a i n s undissolved. T h e reac t ion 
is symbol i zed : 2 W O 3 + 2 N a C l = N a 2 C W 2 O 5 - I - C l 2 . If t h e h y d r a t e d t r iox ide be 
employed , 100 g r m s . of fused s o d i u m chlor ide dissolve 95-7 g r m s . H 2 W O 4 w i t h t h e 
evo lu t ion of h y d r o g e n chlor ide , fo rming N a 2 0 . 4 W O 3 , or Na 2 0 .5AV0 3 . Tungs t en 
t r i ox ide is also dissolved b y o t h e r fused a lkal i hal ides . H . O. Schulze found t h a t 
p o t a s s i u m iodide is d e c o m p o s e d b y t u n g s t e n t r iox ide ; a n d if a n excess of t h e 
t r i ox ide be emp loyed , in a ir , all t h e iodine is expel led a n d a t u n g s t a t e is formed. 
Accord ing t o W . H . E . H o d g k i n s o n a n d F . K . S. L o w n d e s , if a l i t t le t u n g s t e n 
t r i o x i d e b e p l aced o n m o l t e n po tas s ium chlorate , o x y g e n m i x e d wi th so m u c h chlorine 
is evo lved t h a t t h e g a s is ye l low. G. J . Fowle r a n d J . G r a n t a d d e d t h a t t h e t r ioxide 
lowers t h e t e m p , of decompos i t ion of t h e ch lo ra te , t h e oxygen is accompanied b y 
ch lor ine , a n d s o m e p o t a s s i u m t u n g s t a t e is formed. G. Bred ig discussed t u n g s t e n 
t r i ox ide a s a c a t a l y t i c a g e n t . * 

J . J . a n d F . d e E l h u y a r found t h a t w h e n a m i x t u r e of t u n g s t e n t r ioxide a n d 
su lphur is h e a t e d , t h e b lue oxide is formed, or, accord ing t o A. Riche , t u n g s t e n 
su lph ide , a n d if a lkal ies a re p resen t , a n a lkal i s u l p h o t u n g s t a t e is p roduced . 
J* J . Berze l ius sa id t h a t t h e convers ion of t h e h e a t e d t r iox ide b y su lphur v a p o u r 
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i n t o su lph ide is i ncomple t e ; h y d r o g e n sulphide a lso c o n v e r t s t h e h e a t e d t r i ox ide 
i n t o su lph ide ; and , accord ing t o A. R i c h e , carbon disulphide a lso forms t h e su lph ide . 
J . J . Berzel ius found t h a t t h e su lph ide is fo rmed w h e n t h e t r i ox ide is h e a t e d w i t h 
mercuric sulphide. Accord ing t o E . F . S m i t h a n d H . F l eck , t u n g s t e n t r i o x i d e , 
wol f rami te , or sclieelite, fo rms a r e d soln. of t h e o x y t e t r a c h l o r i d e w h e n t r e a t e d w i t h 
su lphur monochlor ide . T h e t r i o x i d e o b t a i n e d b y h e a t i n g a m m o n i u m t u n g s t a t e , 
or t h e t r i ox ide which h a s been h e a t e d for some t i m e in t h e air , is n o t comple t e ly 
a c t e d on b y s u l p h u r ch lor ide , w h e r e a s t h e t r i ox ide o b t a i n e d b y h e a t i n g t h e oxy-
chlor ide is p r ac t i c a l l y all d i sso lved b y i t . Th i s difference is n o t d u e t o t h e p resence 
of a n i t r i de or o x y n i t r i d e . R . D . H a l l found t h a t t h e v a p o u r of s u l p h u r monoch lo r ide 
pas sed over t h e h e a t e d t r i ox ide fo rms t h e vo la t i l e o x y chlor ide ; a n d F . B o u r i o n , 
t h a t a m i x t u r e of ch lor ine w i t h s u l p h u r chlor ide t r a n s f o r m s t h e t r i ox ide a t 230°—250° 
c o m p l e t e l y i n t o a m i x t u r e of t u n g s t e n o x y t e t r a c h l o r i d e a n d d ioxydich lor ide , b u t n o t 
i n t o t h e hexach lo r ide . G. D a r z e n s a n d F . Bour ion f o u n d t h a t th iony l chloride 
a t t a c k s t u n g s t e n t r i ox ide a t 150°, fo rming t h e o x y t e t r a c h l o r i d e , a n d as t h e t e m p . 
r ises t h e p r o p o r t i o n of t h e a c c o m p a n y i n g d ioxydich lor ide i n c r e a s e s — t h e hexach lo r ide 
is n o t fo rmed . P . B e r t h i e r found t h a t su lphurous ac id h a s n o ac t ion , a n d E . T. Al len 
a n d V. H . G o t t s c h a l k found t h a t i t is n o t r e d u c e d b y s u l p h u r o u s ac id in a sealed 
t u b e a t 200°. E . I>. Des i obse rved t h a t t u n g s t e n t r i ox ide is n o t d isso lved even b y 
cold or boi l ing di l . or cone , su lphuric acid, u n d e r cond i t i ons w h e r e m o l y b d e n u m 
t r iox ide is r a p i d l y dissolved. P . B e r t h i e r obse rved t h a t w h e n t h e t r i o x i d e is m e l t e d 
w i t h p o t a s s i u m hydrosulphate , a n d t h e cold p r o d u c t is l eached w i t h w a t e r , t h e 
u n d e c o m p o s e d h y d r o s u l p h a t e is first r e m o v e d , a n d n o r m a l p o t a s s i u m t u n g s t a t e 
t h e n passes i n t o soln. F . J . F a k t o r obse rved t h a t w h e n t h e t r i ox ide is t r i t u r a t e d 
w i t h a n h y d r o u s s o d i u m th iosu lphate , t h e m i x t u r e b e c o m e s greenish-yel low, a n d 
w h e n h e a t e d , t u n g s t e n d i su lph ide is fo rmed . O. B r u n c k f o u n d t h a t in ac id soln. , 
t h e t r i ox ide is r e d u c e d b y s o d i u m hyposu lphi te . 

Accord ing t o A. Kiche , aq . a m m o n i a , especial ly in cone , soln. , d issolves t u n g s t e n 
t r i ox ide fo rming a t u n g s t a t e . A. R o s e n h e i m a n d F . J a c o b s o h n f o u n d t h a t l iqu id 
a m m o n i a does n o t dissolve a pe rcep t ib l e a m o u n t of t h e t r i o x i d e e i the r a t o r d i n a r y 
t e m p , or a t 108°—109°. Accord ing t o F . W o h l e r , a m m o n i a c o n v e r t s t u n g s t e n 
t r i ox ide a t a dul l r e d - h e a t i n to a c o m p l e x o x y n i t r i d e , a n d a t a h ighe r t e m p . , i n t o t h e 
m e t a l . C H . Ehren fe ld also obse rved t h a t c o m p l e x o x y n i t r ides a r e fo rmed b y t h e 
a c t i o n of a m m o n i a . E . D . Des i also found t h a t a m m o n i u m chloride m i x e d w i t h 
t u n g s t e n t r iox ide , a n d s t rong ly h e a t e d o u t of c o n t a c t w i t h air , forms t h e m e t a l , b u t 
a t a lower t e m p , a complex o x y n i t r i d e is fo rmed . E . T . Al len a n d V. H . G o t t s c h a l k 
obse rved t h a t h y d r o x y l a m i n e i n a lka l ine soln. does n o t r educe t u n g s t e n t r i ox ide ; 
a n d T. Cur t iu s a n d F . Sch rade r , t h a t hydraz ine hydrate fo rms a n ind igo-b lue m a s s 
w i t h t h e evo lu t i on of v e r y l i t t l e o x y g e n . P . S a b a t i e r a n d J . B . S e n d e r e n s f o u n d 
t h a t t h e t r i o x i d e a t 500° is n o t a t t a c k e d b y nitric oxide ; a n d J . J . Berze l ius , t h a t 
t h e t r i ox ide is inso luble in nitric ac id , a n d in aQ.ua regia . C H . E h r e n f e l d o b s e r v e d 
t h a t t h e t r i o x i d e is r e d u c e d t o t h e b lue ox ide b y p h o s p h i n e a t 125°—150°. 
A. Michael is f ound t h a t phosphorus tr ichloride a t 200° colours t h e t r i o x i d e s u p e r ­
ficially green , b u t n o o t h e r c h a n g e w a s o b s e r v e d ; N . Teclu, C. F . G e r h a r d t , H . SchifE 
a n d A. P i u t t i , J . Persoz , a n d C. H . E h r e n f e l d obse rved t h a t p h o s p h o r u s p e n t a -
chloride furnishes t u n g s t e n hexach lo r ide a n d some c o m p l e x p r o d u c t s . J . P e r s o z a n d 
N . B l o c h o b t a i n e d tungsten trioxyphosphopentachloride, WO 3 . PC l 3 —v ide p h o s p h o r u s 
p e n t a c h l o r i d e , 8. 50, 32 . C. H . E h r e n f e l d sa id t h a t ars ine a c t s l ike p h o s p h i n e b u t 
m o r e s luggishly. L . Gugl iamel l i s t u d i e d t h e complexes of t u n g s t i c ac id w i t h 
arsenic a c i d ; and A. WoIfE, the complexes with arsenious* antimonious, 
a n d p h o s p h o r o u s ac ids . 

H . N . W a r r e n found t h a t t h e t r i ox ide is eas i ly r e d u c e d b y s i l i con , b u t L . K a h l e n -
be rg a n d W . J . T r a u t m a n n were u n a b l e t o conf i rm t h i s — a n y r e d u c t i o n is v e r y local . 
T h e r e d u c t i o n of t u n g s t e n t r i ox ide t o t h e m e t a l b y h e a t i n g i t w i t h c a r b o n w a s 
o b s e r v e d b y J . J . a n d F . d e E l h u y a r , A . R i c h e , O. F . Bucho lz , E . G. A . S t r e e t , e t c . 
a n d h a s b e e n d iscussed in connec t i on w i t h t h e m e t a l . H . Moissan sa id t h a t a c a r b i d e 

aQ.ua
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is fo rmed . C. M a t i g n o n n o t e d t h e fo rma t ion of a ca rb ide a t a b o u t 2000°, 
H . N . W a r r e n f o u n d t h a t c a l c i u m carbide r educes t h e t r i ox ide t o t h e m e t a l . As in 
t h e case of h y d r o g e n , W . F r a n k e l found t h a t t h e r e d u c t i o n of t u n g s t e n t r i ox ide b y 
Carbon m o n o x i d e t a k e s p l ace in s t ages : 2 W 0 3 + C O ^ = C 0 2 4 - W 2 0 6 , h a s a n equi l i ­
b r i u m c o n s t a n t J£==[C0 2 ] / [CO] h a s b e t w e e n 17-2 a n d 21-1 b e t w e e n 750° a n d 1050° ; 
a n d for t h e s t a g e W 2 0 5 + C 0 ^ 2 W 0 2 + C 0 2 a t 800°, l £ = 5 - 0 8 ; t h e l a s t s t a g e 
W O 2 + 2 C O ^ W + 2 C O 2 cou ld n o t b e m e a s u r e d because of t h e f o r m a t i o n of c a rb ide . 
Z . S h i b a t a also s t u d i e d t h e r e a c t i o n ; h e found t h a t log 1 ^ = 1 5 5 5 - 5 T " 1 —1-1427 for 
t h e r e a c t i o n 2 W O 3 + C O = W o O 5 + CO 2 ; log Kp=1029-8T~-i —0-7884 for t h e 
r eac t ion W 2 O 6 + C O = 2 W O 2 + C O 2 ; a n d log Kp=321 - 6 T - i — 0-0647 for J W 0 2 + C O 
= £ W + C 0 2 . A c c o r d i n g t o C. H . Ehren fe ld , m e t h a n e does n o t r educe t h e t r i ox ide 
h e a t e d b y a b u n s e n b u r n e r , b u t a t a h igher t e m p , t h e d iox ide is fo rmed ; n o r e d u c t i o n 
occu r r ed w i t h e t h a n e , b u t a t a r e d - h e a t , e t h y l e n e furnishes t h e b lue oxide ; a n d 
ace ty l ene , t h e b lue a n d b r o w n oxides . B . D . Des i also obse rved t h e fo rma t ion of 
t h e b lue ox ide w i t h e t h y l e n e , a n d h e f o u n d t h a t w i t h cyanogen , a complex o x y n i t r i d e 
is fo rmed ; a n d t h a t fused p o t a s s i u m cyan ide fo rms a c o m p l e x oxyn i t r i de , a n d 
a t a v e r y h igh t e m p . , s i lver -whi te g lobules of t u n g s t e n . F . Gobel found t h a t 
carbon m o n o x i d e r educes t h e h e a t e d t r i o x i d e t o t h e b lue ox ide . P . Cambou l ive s 
o b s e r v e d t h a t w h e n t h e t r i o x i d e is h e a t e d t o 560° in t h e v a p o u r of carbon 
tetrachloride , a n oxych lo r ide is fo rmed , a n d A. Michael a n d A. M u r p h y sa id t h a t 
n o r e a c t i o n occurs a t 240° , b u t a t 280°, t h e h e x a c h l o r i d e is p r o d u c e d — i n t h e p resence 
of ch lor ine , t h e oxych lo r ide is f o r m e d a t 240°, a n d t h e h e x a c h l o r i d e a t 280° . 
P . S a b a t i e r a n d A. Mai lhe , a n d J . 1ST. P e a r c e a n d A. M. A l v a r a d o s t u d i e d t h e c a t a l y t i c 
ac t ion of t h e t r i o x i d e on a l c o h o l v a p o u r w h e r e b y t h e a lcohol is r e d u c e d t o e t h y l e n e . 
J . N . P e a r c e a n d M. J . H ice s t u d i e d t h e a d s o r p t i o n of t h e v a p o u r of e t h y l a lcohol , 
e t h y l a c e t a t e , a n d of ace t i c ac id a t 99-4° ; a n d S. G h o s h a n d A. K . B h a t t a c h a r y a , 
t h e p h o t o c h e m i c a l r e d u c t i o n of t u n g s t i c ac id b y e t h y l a lcohol ; a n d J . C. Ghosh 
a n d S. K . N a n d y , of f o r m a l d e h y d e . J . C. G h o s h a n d J . Mukher j ee , a n d E . T . Al len 
a n d V. H . G o t t s c h a l k f o u n d t h a t t h e t r i o x i d e is n o t r e d u c e d b y a lcohol or oxa l ic 
ac id w i t h h o t cone , h y d r o c h l o r i c ac id ; n o r is i t r e d u c e d b y grape-sugar . T h e 
t r i o x i d e is r e d u c e d t o t h e b lue ox ide b y boi l ing ace t ic ac id a n d o t h e r organic c o m ­
p o u n d s . Tt. F e r n a n d e s s t u d i e d t h e c o m p o u n d s f o r m e d w i t h gallic ac id ; R . F . We in -
l a n d a n d co-workers , t h e a c t i o n of t h e pheno l s , a n d pheno l i c ac ids ; A. V. D u m a n s k y 
a n d S. I . D y a c h k o v s k y s t u d i e d t h e a c t i o n of t a r t a r i c ac id . Accord ing t o A. C. Neish , 
m-n i t robenzo ic ac id does n o t g ive a p r e c i p i t a t e w i t h soln . of a m m o n i u m t u n g s t a t e ; 
a c c o r d i n g t o G. v o n K n o r r e , benz id ine h y d r o c h l o r i d e p r e c i p i t a t e s t h e t u n g s t e n 
q u a n t i t a t i v e l y f rom cold soln. of t h e t u n g s t a t e s ; a n d , accord ing t o M. Tschi l ikin, 
c t - n a p h t h y l a m i n e g ives a q u a n t i t a t i v e p r e c i p i t a t i o n . E . F . S m i t h s t u d i e d t h e ac t ion 
of o rgan i c bases . 

J . Li. G a y L u s s a c a n d L . J . T h ^ n a r d found t h a t p o t a s s i u m or s o d i u m w h e n 
h e a t e d r e d u c e s t u n g s t e n t r i o x i d e v igo rous ly w i t h une Iwmi&re vive. E . D . Des i also 
r e d u c e d t h e t r i ox ide w i t h s o d i u m ; a n d wi th m a g n e s i u m h e o b t a i n e d a n al loy of 
t u n g s t e n . T h e r e d u c i n g a c t i o n of t he se a n d o t h e r m e t a l s h a s b e e n discussed in 
c o n n e c t i o n w i t h t h e p r e p a r a t i o n of t u n g s t e n {q.v.). O. F r e i h found t h a t z inc 
r e d u c e s t u n g s t i c a c i d t o t h e d iox ide . K . S o m e y a r e d u c e d t u n g s t e n t r iox ide 
t o t h e q u a d r i v a l e n t s t a g e b y b i s m u t h a m a l g a m , a n d t o t h e t e r v a l e n t s t age by 
lead , c a d m i u m , a n d z inc a m a l g a m s . F o r t h e a c t i o n of va r ious bas ic oxides , 
vide infra, t h e t u n g s t a t e s . A . R i c h e found t h a t cone . soln. of t h e a lkal i hydroxides 
or carbonates r e ad i l y d issolve t h e t r iox ide , fo rming soln. of t h e t u n g s t a t e s ; s imilar ly 
a lso w i t h t h e fused a lka l ies . E . J . Mills a n d D . Wi l son m e a s u r e d w h a t t h e y called 
t h e chemica l effect of t u n g s t e n t r i ox ide w h e n i t is fused w i t h p o t a s s i u m c a r b o n a t e . 
Th i s w a s e x p r e s s e d in t e r m s of t h e u n i t s , a , of c a r b o n d iox ide evo lved p e r u n i t of 
t h e t r i o x i d e a c t i n g for a n h o u r a t 750°. T h e y found for t u n g s t e n t r iox ide , 
a—0-99597 ; for si l icon d iox ide , a = 0 - 8 3 ; a n d for t i t a n i c oxide , a = 0 - 7 1 9 1 7 , showing 
t h a t t h e a c t i o n of t i t a n i c ox ide is m o r e sluggish t h a n silica, a n d silica is m o r e s luggish 
t h a n t u n g s t e n t r i o x i d e . T h e b l u e colour o b t a i n e d b y t h e ac t ion of w a r m s t a n n o u s 
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chloride on tungsten trioxide has been previously described. K. Someya described 
the reduction of tungstic acid or its salts with the amalgams of calcium, zinc, and 
lead. 
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F I G . 23 . D e h y d r a t i o n . C u r v e s of 
t h e W h i t e a n d Ye l low H y d r a t e s 
of T u n g s t e n T r i o x i d e . 

§ 11. The Hydrates of Tungsten Trioxide—The Tungstic Acids 
Accord ing t o E . Z e t t n o w , 1 a n d C. D . B r a u n , w h e n s o d i u m t u n g s t a t e i s t r e a t e d 

w i t h h o t su lphu r i c acid , t h e h y d r a t e d t u n g s t i c ac id w h i c h s e p a r a t e s c o n t a i n s , 
af ter d r y i n g a t a low t e m p . , v a r i a b l e q u a n t i t i e s 
of w a t e r . T h u s , w h e n d r i ed a t 50° , i t h a s 3-68 
pe r cen t , of w a t e r — o r 2 W O 3 - H 2 O ; a t 120° t o 
130°, 2-46 p e r c e n t . — o r 3 W O 3 - H 2 O ; a n d a t 200°, 
1-74 p e r c e n t . — o r 4 W O 3 - H 2 O . T h e d i h y d r a t e 
d r i ed a t 100° t o 110° w a s found b y C. D . B r a u n 
t o c o r r e s p o n d w i t h t h e hemihydrate, 2 W O 3 - H 2 O ; 
a n d i t h a s b e e n cal led pyrotungstic acid, H 2 W 2 O 7 , 
b u t t h e r e is n o ev idence t o s h o w t h a t t h i s com­
pos i t ion is o t h e r t h a n a n a r b i t r a r i l y selected s t a g e 
in t h e c o n t i n u a t i o n des icca t ion of a n indef ini te 
h y d r a t e , W O 3 . n H 2 O — v i d e infra, E ig . 2 3 . 

A. L a u r e n t , A. R i c h e , a n d V . F o r c h e r decom­
posed a n aq . soln. of a t u n g s t a t e or m e t a t u n g -
s t a t e w i t h a n excess of hot ac id , a n d d r i ed t h e 

p r o d u c t in air , or, accord ing t o C. D . B r a u n , over cone , su lphur i c ac id . T h e yel low 
h y d r a t e w a s cons idered t o b e t h e monohydrate, W O 3 - H 2 O , t u n g s t i c ac id . I t w a s 
also o b t a i n e d b y decompos ing wol f rami te w i t h a q u a regia ; a n d C. D . B r a u n 
o b t a i n e d i t b y d r y i n g t h e d i h y d r a t e over cone , su lphu r i c ac id u n t i l i t s w e i g h t was 
c o n s t a n t . A. L a u r e n t a d d e d t h a t t h e ye l low h y d r a t e is s t ab l e a t 200° ; a n d 
L . Pissar j ewsky , t h a t i t s h e a t of n e u t r a l i z a t i o n is 13*698 CaIs. p e r mo l . T h e effects 
p r o d u c e d b y ac ids of different c o n c e n t r a t i o n , e tc . , a r e d iscussed in connec t ion w i t h 
t h e e x t r a c t i o n of t u n g s t e n . G. F . H i i t t i g a n d B . K u r r e r e c o m m e n d e d t h e following 
m e t h o d for p r e p a r i n g t h e yellow tungstic acid : 

A d d 20 g r i n s , of pur i f ied c a l c i u m t u n g s t a t e t o a bo i l ing m i x t u r e of 50 c.c. of w a t e r , 
40 c.c. of cone , h y d r o c h l o r i c ac id , a n d 40 c .c . of cone , n i t r i c acid ; w a s h t h e ye l low prec ip i ­
t a t e b y d e c a n t a t i o n 8 t i m e s w i t h w a t e r feebly a c i d u l a t e d w i t h h y d r o c h l o r i c a c i d ; d i s so lve 
t h e p r e c i p i t a t e i n 5O c.c. of cone . a q . a m m o n i a ; a n d filter. P o u r t h e bo i l ing filtrate i n t o 
a m i x t u r e of 6O c .c . of w a t e r , 50 c.c. of n i t r i c ac id , a n d IO c.c. of h y d r o c h l o r i c ac id ; w a s h 
t h e ye l low t u n g s t i c a c i d m a n y t i m e s b y d e c a n t a t i o n w i t h w a t e r ; f i l ter t h r o u g h Z s i g m o n d y ' s 
filter ; a n d s t i r u p t h e p r o d u c t w i t h w a t e r . Af t e r t h e m i x t u r e h a s s t o o d for a b o u t 14 d a y s , 
p a s s i n g n o w a n d a g a i n a n e lec t r ic c u r r e n t t h r o u g h t h e l iqu id u s i n g p l a t i n u m e l e c t r o d e s 

t h e t u n g s t i c ac id wiU h a v e s e t t l e d a s a n e m u l s i o n . T h e excess of w a t e r i s s y p h o n e d 
off, t h e e m u l s i o n i s c o n c e n t r a t e d o n a w a t e r - b a t h . T h e p r o d u c t is t h e n d r i e d ove r solid 
s o d i u m h y d r o x i d e . T h e c o m p o s i t i o n a p p r o x i m a t e s W O 8 . 1 * 1 3 H 2 O . 

J . E l t z b a c h e r u s e d a s imi lar process . A. P i n a g e l t r a n s f o r m e d s o d i u m t u n g s t a t e 
i n t o b a r i u m t u n g s t a t e , b y a d d i n g b a r i u m chlor ide t o a soln. of t h e s o d i u m sa l t , a n d 
flocculating t h e p r e c i p i t a t e w i t h a m m o n i u m n i t r a t e . T h e p r o d u c t w a s t h e n 
d e c o m p o s e d b y h o t a q u a regia , a n d t h e ye l low h y d r a t e w a s h e d w i t h h o t w a t e r . 
A. H iche sa id t h a t if a soln. of t h e h y d r a t e d t r i o x i d e i n cone , hydrof luor ic a c id a t 
50° or 60°, b e e v a p o r a t e d i n air , t h e oxyf luor ide w h i c h first s e p a r a t e s is d e c o m p o s e d 
fo rming c rys t a l s of ye l low t u n g s t i c ac id . A . M. More ly e x a m i n e d t h e p r o d u c t s 
o b t a i n e d b y different m o d e s of p r e p a r a t i o n , a n d found t h a t t h e X - r a d i o g r a m s 
ind i ca t e t h e ex i s tence of t h e monohydrate, W O 3 - H 2 O , or H 2 W O 4 , a n d t h e dihydrate, 
W O 3 . 2 H 2 O , o r H 2 W O 4 - H 2 O . T h e o t h e r p r o d u c t s a r e e i the r c o n d e n s e d c o m p o u n d s 
or i m p u r e s u b s t a n c e s e i t he r non-c rys t a l l i ne or impe r f ec t l y c rys t a l l i ne . G-. J a n d e r 
a n d T. A d e n obse rved t h e c h a n g e i n t h e vis ible a n d u l t r a -v io l e t a b s o r p t i o n s p e c t r a 
w i t h a g g r e g a t i o n in a lka l ine a n d ac id soln. T h e ye l low h y d r a t e dissolves in w a t e r , 
for R . C. Wel ls f o u n d t h e sp . c o n d u c t i v i t y of t h e a q . soln. t o b e 10-3 X 10"~6 a t 25° ; 
he obse rved v e r y l i t t l e c h a n g e w h e n t h e soln . were left t o s tand for a long t ime , 
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hence i t is inferred t h a t no large quant i ty of a polymerized acid is formed under these 
condit ions. J. W. Mallet gave for the solubil ity in 38 per cent , hydrochloric acid, 
0 3 6 and 0-75 grm. W O 3 per 100 grms. of soln. respectively a t 50° and 80° ; and 
R. F . Bernhardi-Grisson, for th e solubility in 40 per cent, hydrochloric acid, 44-75 
a n d 53-7 grms. per IOO grms. of soln. respectively a t 25° and 50°. The yellow-
hydrate is readily soluble in alkali- lye. 

According t o A. Riche , J . J. and F . de Elhuyar, and J. J . Berzel ius, if a soln. 
of a tungstate be treated wi th cold dil. acid, some soluble or metatungst ic acid passes 
into soln., and there is formed a whi te luminous precipitate which tas tes a t first 
sweet and afterwards bitter ; reddens l i tmus ; and dissolves in water especial ly 
w h e n hot , b u t scarcely at all in water containing acid. The white product forms 
yel low tungst ic acid w h e n i t is boi led wi th sulphuric, hydrochloric, or nitric acid. 
W h e n ignited in closed vessels i t forms a blue oxide, and in open vessels , ye l low 
tungsten trioxide. E . E . A n t h o n said t h a t the whi te precipitate is amorphous, 
but , according t o A. Hiche, i t becomes crystall ine after t w o or three washings . 
The whi te product is very liable to pass through the filter-paper when i t is washed . 
C. W . Scheele regarded the precipitate as pure tungst ic acid, b u t J . J. Berzel ius 
showed that it is a lways contaminated wi th some of the acid used as the precipitant ; 
and J . J. and F . de Elhuyar, and J. C. G. de Marignac, wi th some of the alkali w i th 
which the tungst ic acid was previously combined. The analyses of A. Riche , 
E . F . Anthon, C. D . Braun, and V. Forcher, show t h a t the product is a dihydrate, 
W O 3 . 2 H 2 O . G. F . Hi i t t ig and B . Kurre obtained white tungstic acid b y the following 
procedure : 

T e n grams of ca lc ium t u n g s t a t e are treated w i t h acid, as ind ica ted a b o v e in connect ion 
w i t h t h e ye l low acid, and t h e product m i x e d w i t h e n o u g h cone . aq . a m m o n i a t o dissolve 
nearly all t h e prec ipi tate . T h e filtered so ln . i s cooled b y ice, a n d 70 c.c. of cone , hydro­
chloric ac id added drop b y drop. T h e tungs t i c ac id i s filtered off, a n d aga in disso lved in 
cone . aq. a m m o n i a . I t i s cooled a n d treated wi th hydrochloric ac id as before, b u t w i t h 
t h e exc lus ion of l ight . T h e m i x t u r e is filtered, a n d t h e prec ip i tate w a s h e d s ix t i m e s wi th 
25 c.c. of water . T h e w h i t e tungs t i c acid so formed sti l l reta ins traces of a m m o n i a and 
hydrochloric acid ; a n d i t has a t e n d e n c y gradual ly t o p a s s i n t o t h e ye l low var ie ty . T h e 
analys i s of a sample so prepared conta ined W O 3 , 13-6 per cent . ; H 2 O , 86-05 ; ISTII4Cl, 0-2 ; 
free HCl, 0-15 per cent . I t s h o w e d n o ye l l ow t inge after be ing k e p t 14 d a y s . 

The white hydrate was also obtained b y A. Riche , H . E . Koscoe, and V. Forcher 
b y t h e act ion of mois t air on tungs ten hexachloride, pehtachloride, oxytetrachloride, 
or dioxydichloride. E . F . Anthon , and V. Forcher also said that the white dihydrate 
is formed w h e n the anhydrous trioxide is rubbed up wi th water and fi ltered—the 
dihydrate passes through the filter-paper forming a turbid filtrate. 

According t o G. E. Hi i t t ig and B . Kurre, t h e whi te acid is t o be regarded as 
hydrated tungsten tr ioxide because the composi t ion- temp, curve, Fig. 23, shows that 
the adsorbed water is gradually lost as the t e m p , is raised, and the curve shows no 
signs of a break corresponding w i th the formation of a definite hydrate . The 
decomposit ion press., p m m . , the decomposi t ion t emp. , 0°, and the number n mols. 
of water per mol. of W O 3 were found t o be : 

p . 10-4 16-6 13-7 15-5 12O 14-6 120 7*6 11*5 
6 . 16° 21° 20° 36° 85° 129° 180° 305° > 5 0 0 ° 
n . 60-61 44*90 16-O 2*44 0*95 0-64 0*39 0*24 O 

The case is different w i th the ye l low hydrate for i t shows a definite break, Fig. 23, 
corresponding wi th the formation of a nionohydrate , WO 3 -H 2 O, or tungstic acid, 
H 2 W O 4 . The following is a selection from the observed values of p, 6, and n : 

p . 20-5 12*2 8*9 12 8-8 9*8 8*7 8*9 7*6 
0 . 16° 17° 13° 20° 22° 94° 120° 218-5 278 
Tb . 12*62 6*61 2*52 1*35 1-21 1 0 5 1-00 0 0 7 0*04 

A t t e m p , above 188° and below 76°, the whi te hydrate is the more stable, whereas 
between 76° and 188°, t h e ye l low var ie ty is the more stable. The subject was 



764 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

invest igated b y J. A. M. v a n Liempt . GL F . Ht i t t ig found t h a t ye l low tungst ic acid, 
WO 3 -H 2 O, lias an X-radiograni showing t h a t the chemical ly combined water mole­
cules occupy fixed posit ions in t h e crystal- latt ice ; w i th zeolites, on. t h e contrary, 
t h e greater portion of the water is free to m o v e in the crystal latt ice . H . C. Burger 
found that the X-radiogram of tungs ten trioxide is different from t h a t of t h e 
monohydrate which has a definite and characteristic crystall ine form, and i t is on 
this account t o be regarded as a definite compound. A definite compound was 
also indicated in the case of the dihydrate . Hence , if W ( O H ) 6 be orthotungstic acid, 
H 6 W O 6 ; WO(OH) 4 , is paratungstic acid, H 4 W O 4 , or W 0 3 . 2 H 2 0 ; and W O 2 ( O H ) 2 , 
metatungstxc acid, H 2 W O 4 , or WO 3 -H 2 O. This is in accord wi th the nomenclature 
in use for iodic and m a n y other acids, but in the case of tungs ten the terms 
metatungst ic acid, and paratungst ic acid have been employed wi th a different con­
notat ion—vide infra—namely, for the parent paratungstic acid of the salt wi th the 
formula 3 N a 2 0 . 7 W O 3 . 2 I H 2 O , or the alternative 5 N a 2 0 . 1 2 W 0 3 . 2 8 H 2 0 ; and of the 
parent metatungstic acid, of t h e salt N a 2 0 . 4 W O 3 . ^ H 2 O . For the so-called isotungstic 
acid, vide supra, the history of tungsten. M. E . Chevreul, and J. J. and 3?. de 
Elhuyar said tha t tungst ic acid possesses a real acidity, for i t reddens blue l i tmus. 
According t o H . T. S. Brit ton, and H. T. S. Bri t ton and W. L*. German, w h e n 100 c.c. 
of a 006787V-NaOH, and 0-0250M-WO 3 are t i trated wi th 0-102OiV-HCl, the electro-
metric curve is t h a t shown in Fig. 24. A sharp diminut ion in hydrogen- ion con­

centration occurred w h e n the a m o u n t 
of hydrochloric acid necessary to react 
w i th the alkali in excess of tha t re­
quired t o form the normal sodium 
tungstate (Na 2 WO 4 ) was added. This 
explains the successful use of phenol-
phthale in as an indicator for t h e t i tra­
t ion of the ox ide—observed b y O. 
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-IClectrometrie Titration of Tungstic 
Acid. 

Hert ig , A. Lottermoser and co-workers, 
I ) . Mojert, Z>. IX Peirce and L,. F . 
Y n t e m a , A. Rosenhe im and A. WoIfE, 
G. Jander and W. Heukeshoven , S. L. 
D y a c h k o v s k y , M. !L. H o l t and L. 
Kahlenberg, F. Hundeshagen, and S. C. 
Liind and B. C Trueblood. Sodium para-
tungstate wi th either 2-33 or 2-4 mols 
of N a 2 O per mol of WO 3 , respect ively in 

accord wi th the 3 : 7-formula or the 5 : 12-formula, corresponds w i th a H*-ion cone, 
of 2>H—6-0 respectively, and in agreement wi th H . Schmidt 's observation tha t a soln. 
of the 2*4 salt is acidic to rosolic acid, and alkaline to cochineal. The metatungs ta te , 
N a 2 W 4 O 1 3 , is formed when the H"-ion cone, is 1 0 ~ 4 . The inflexion in the hydrogen-
ion concentration curve indicates t h a t tungst ic acid is not an ordinary dibasic acid 
—vide infra, sodium tungstate . W. Jander and A. Winkel found t h a t the normal 
tungs ta te exists in soln. when the [H^-concentrat ion is between 10~~14 and 10~~6'5 ; 
and the paratungstate when the [H*]-concentration is between ] 0 ~ 6 * 5 and 10~~1#5. 
Meta- and para-tungstates are assumed to conta in tungst ic acid either in a poly­
merized form or in a semi-colloidal form. 6 . Jander also studied the tungs ta tes 
from this point of v iew. W . V. B h a g w a t and N . R. Dhar s tudied the ionizat ion 
cons tants ; and S. K a t o , the absorption spectra in the ultra-red, and the visible 
spectrum. Li. Pissarjewsky found the hea t of neutral ization of tungst ic acid, 
H 2 W O 4 , in 0-5iV-NaOH, to be 13-698 CaIs. 

A. Carnot 2 observed a hydrated form of tungsten trioxide associated with the scheelite 
of Meymac, Correze, France, and he accordingly called it meymadte. It is a yellow or 
greenish-yellow, friable earth sometimes having the general form of scheelite. Its com­
position approximates "WOa.2H20. GL C. Hoffmann also reported a pale yellow ochre 
associated with the scheelite of Marlow, Quebec, Canada. 
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Accord ing t o T . G r a h a m , 3 w h e n di l . hydroch lo r i c ac id is a d d e d t o a soln. of 
s o d i u m t u n g s t a t e u n t i l t h e l i qu id becomes s l ight ly ac id , a co l lo idal so lu t ion of 
tungs t i c ac id is fo rmed . A . P . Sabaneeff a d d e d t h a t if t h e p r o p o r t i o n of t u n g s t a t e 
a n d ac id is 2 N a 2 W O 4 . : 3HCl , a n d t h e m i x t u r e is d ia lyzed , t h e colloid is rea l ly s o d i u m 
t u n g s t a t e , N a 2 0 . 4 W O 3 . T . G r a h a m sa id t h a t t h e colloid is t u n g s t i c a c id f rom wh ich 
al l t h e s o d i u m c a n n o t b e r e m o v e d b y d ia lys is . W . Bi l tz a n d A. v o n Vegesack sa id 
t h a t t h e soln. r e m a i n i n g in "the d i a lyze r c o n t a i n s 2 N a 2 O . H W O 3 , b u t cons ide red t h a t 
s o m e col loidal t u n g s t i c ac id is p r e s e n t . N . P a p p a d a a d d e d t h a t w h e n m o d e r a t e l y 
cone , hyd roch lo r i c ac id is a d d e d d r o p b y d r o p t o a 5 pe r cen t . soln. of s o d i u m 
t u n g s t a t e , a w h i t e g e l a t i n o u s p r e c i p i t a t e is f o r m e d w h e n t h e l iqu ids m e e t , b u t i t 
qu i ck ly goes i n t o soln. , f o rming a n ac id l iquor . T h e soln. con ta ins colloidal t u n g s t i c 
ac id , a n d h e r e g a r d s A . P . SabaneefPs h y p o t h e s i s , t h a t i t is N a 2 0 . 4 W O 3 , a s incor rec t . 
Accord ing t o A. L»ottermoser, hyd roch lo r i c ac id gives a v o l u m i n o u s , ge l a t inous , 
wh i t e p r ec i j n t a t e w i t h cone . soln . of s o d i u m t u n g s t a t e ; m o r e di l . soln. r e m a i n clear 
a t first, a n d a f t e rwa rds s lowly d e p o s i t t h e w h i t e p r e c i p i t a t e in a m o r e v o l u m i n o u s 
form. If t h e p r e c i p i t a t e fo rmed f rom t h e v e r y di l . soln . is r e p e a t e d l y d e c a n t e d w i t h 
dis t i l led w a t e r , a c lear h y d r o s o l m a y be o b t a i n e d , wh ich , however , is u n s t a b l e , a s 
i t g r a d u a l l y b e c o m e s c loudy , a n d c h a n g e s t o a h y d r o s o l w h i c h is ye l low in reflected 
l igh t . W h e n m o r e cone . soln. a r e used , t h e v o l u m i n o u s , w h i t e p r e c i p i t a t e g r adua l l y 
decreases in b u l k , a t t h e s a m e t i m e t u r n i n g ye l low ; finally, t h e s a m e yel low hyd roso l 
is o b t a i n e d as p rev ious ly . If t h i s ye l low h y d r o s o l is s h a k e n , a s i lky lu s t r e is no t i ce ­
ab le in reflected l igh t , a l t h o u g h i t a p p e a r s c lear i n t r a n s m i t t e d l i gh t ; i t is a sus­
pens ion of r e l a t ive ly l a rge pa r t i c les , a n d g r a d u a l l y c lears o n keep ing . L . W o h l e r 
a n d W . E n g e l s f o u n d t h a t col loidal t u n g s t i c ac id m i x e d w i t h ge l a t i n in t h e p re sence 
of a m m o n i u m ch lor ide g ives a n o c c u l e n t p r e c i p i t a t e w h i c h is p e p t i z e d b y a n excess 
of a m m o n i u m ch lor ide . W . A. P a t r i c k m i x e d 3 t o 8 pe r c e n t . soln. of a soluble sa l t , 
w i t h v igo rous s t i r r i ng , w i t h s u c h a q u a n t i t y of a c id t h a t t h e H"-ion cone , of t h e 
m i x t u r e is 0-1 t o O 5 m o l p e r l i t r e . T h e m i x t u r e is a l lowed t o s t a n d q u i e t l y for 
2 t o 5 h r s . , u n t i l t h e soln. se t s t o a firm h y d r o g e l . T h i s is b r o k e n u p , w a s h e d t o 
r e m o v e sa l t s a n d excess ac id , a n d d r i ed in a c u r r e n t of a i r a t 75° t o 120°, or h e a t e d 
t o 3000—400° if a h a r d gel is des i red . N . P a p p a d a r e c o m m e n d e d p r e p a r i n g t h e 
colloid b y t h e following process : 

Hydrochlor ic acid, is added t o a cone . soln. of s o d i u m t u n g s t a t e unt i l the l iquid has an 
acidic react ion. T h e w h i t e , ge lat inous precipi tate i s w a s h e d several t i m e s by decantat ion 
a t a l ow t e m p . , 0° t o 5°, whi le protec t ing t h e prec ip i tate from currents of air w h i c h produce 
a change in t h e col loid. 15 parts of the tungst ic acid are t h e n disso lved b y gent ly warming 
•with a cone . so ln . of one part of oxal ic acid a n d t h e l iquid d ia lyzed. If the outer water is 
frequent ly changed , t h e oxal ic ac id is comple te ly removed , l eav ing a colloidal soln. of 
tungst ic acid w h i c h m a y be concentrated i n v a c u o over sulphuric acid a t ordinary t e m p , 
unt i l i t conta ins a s m u c h as 1*25 per cent . "WO8. 

L . Moser a n d J . E h r l i c h a d d e d h y d r o c h l o r i c ac id of s p . gr . 1-19, d r o p b y d r o p , 
t o a soln. c o n t a i n i n g 32-89 g r m s . of n o r m a l s o d i u m t u n g s t a t e p e r l i t r e . T h e prec ip i ­
t a t e a t first f o r m e d w a s red i s so lved o n c o n t i n u i n g t h e a d d i t i o n of ac id . T h e resu l t ing 
soln. is col loidal , a n d c a n b e c o a g u l a t e d b y boi l ing . If n i t r i c ac id b e used in p lace 
of h y d r o c h l o r i c ac id , t h e p r e c i p i t a t e does n o t red isso lve w i t h e i t he r cold or h o t soln. 
T h e w a s h e d t u n g s t i c ac id p r e c i p i t a t e d b y hyd roch lo r i c ac id , however , is j>artly 
so luble i n h o t n i t r i c ac id , "while w a s h e d t u n g s t i c ac id p r e c i p i t a t e d b y n i t r i c ac id is 
n o longer so eas i ly so lub le in hyd roch lo r i c ac id . S u l p h u r i c ac id s t a n d s be tween 
hyd roch lo r i c a n d n i t r i c ac id i n t h a t t h e p r e c i p i t a t e a t first fo rmed w i t h th i s ac id is 
p a r t l y red i sso lved o n a d d i n g m o r e ac id . C o n s e q u e n t l y , a l t h o u g h t h e tungs t i c 
ac id p r e c i p i t a t e d b y al l t h e m i n e r a l ac ids is chemica l ly t h e s a m e , i t s phys ica l con­
d i t i on d e p e n d s on t h e n a t u r e of t h e ac id . W h e n t h e hydroch lo r i c ac id is a d d e d 
t o t h e bo i l ing soln . of s o d i u m t u n g s t a t e , a t first a w h i t e p r e c i p i t a t e forms which 
t u r n s yel low, a n d pas se s i n t o soln. w i t h t h e excep t ion of a few wh i t e par t ic les 
which r e m a i n a t t h e b o t t o m of t h e vessel . If increas ing a m o u n t s of acet ic ac id a r e 
a d d e d t o t h e s o d i u m t u n g s t a t e soln. , before a d d i n g t h e hydroch lo r ic acid, t h e in i t ia l 
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precipitation does not take place unti l greater amounts of hydrochloric ac id are 
added, and this precipitate redissolves more quickly on adding more hydrochloric 
acid. However, the addit ion of 5 c.c. acet ic acid t o 2 c.c. of sod ium tungs ta te soln. 
g ives a precipitate which is no t soluble in hydrochloric acid. If tungst io ac id is 
precipitated from sodium tungstate soln. b y hydrochloric acid and al lowed t o stand, 
the precipitate, at first white , becomes ye l low and insoluble on adding more hydro­
chloric acid. If acetic acid is added, then hydrochloric acid, and t h e soln. heated, 
the precipitate again dissolves. The tungst ic acid in all cases is pos i t ive ly charged. 
E . B . Miller and G. C. Connolly, a n d W . A. Patrick and E . H . Barc lay prepared 
tungstic acid gels. 

A. Miiller prepared a colloidal soln. b y dissolving 5 grms. of tungs ten tetra­
chloride in 50 c.c. of a mixture of equal vols , of e thyl alcohol and ether, and t h e 
filtered soln. is t h e n di luted t o 250 c.c. wi th e thyl alcohol. If this soln. i s m i x e d 
wi th an equal vol . of water, a colloidal soln. of tungst ic acid is obtained, which can 
be kept for some days wi thout a n y appreciable opalescence being observed. W i t h 
larger quanti t ies of water, coagulation takes place much more quickly. On adding 
small quanti t ies of neutral salts or of hydroxides, coagulat ion occurs immediate ly ; 
s trong acids produce a similar effect after some minutes , b u t weak organic acids 
appear t o exert no influence on the stabil i ty of the colloidal soln. A rise of t e m p , 
is also wi thout influence, but coagulat ion takes place if the vol . is reduced t o about a 
fourth of the original by evaporation. W h e n an electric current is passed through 
the colloidal soln., a deep blue precipitate is formed at the cathode. This is attri­
b u t e d to reduction of the posit ively charged colloidal particles b y the discharged 
hydrogen. The behaviour of the colloidal soln. towards electrolytes is consistent 
wi th the supposit ion t h a t the tungst ic acid is a posit ive colloid, and the spontaneous 
coagulat ion of the soln. is probably due to the presence of chlorine ions in the soln. 
According t o M. Kroger the electrolysis of a 2 per cent. soln. of sodium tungsta te 
be tween a mercury cathode and a silver anode produces the hydrosol of tungst ic 
acid. The removal of alkali m a y be hastened b y t h e cautious addit ion from t ime 
to t ime of a l i tt le hydrochloric acid, but in no circumstances m a y the neutral 
point be passed. Should the soln. become acid, blue tungs ten compounds are 
produced. The tungsten hydroxide hydrosols are clear and transparent, but possess 
a deep brown colour, which in dil. soln. is yel lowish-brown. They are coagulated 
b y potass ium chloride t o form a black powder which resembles the lower oxides 
of tungsten . The coagulat ion of the colloid was studied b y S. Ghosh and N . R. Dhar, 
A. Kargin, W. V. B h a g w a t and 1ST. R. Dhar, S. I. D ia t schowsky , and K. Jacobsohn. 

J . D u c l a u x said t h a t colloidal soln. can be cone, b y filtering out t h e so lvent 
under press, through collodion. A n increasing press, will remove more and more 
so lvent , unt i l a l imit is attained where the colloid solidifies. This l imit ing press. 
is termed the " m a x i m u m osmotic pressure " of the colloid, and the l imit ing cone, 
the " solubil ity " of the colloid. I n this sense, colloidal tungst ic acid m a y be said 
to have a 60 per cent, solubility. N . Pappada prepared a soln. wi th 1-25 per cent, 
of WO 3 , and it did n o t freeze a t 0°. D . Kle in said t h a t when dried a t 200°, the 
colloid has the composi t ion 3WO 3 -H 2 O. According t o A. P . Sabaneeff, w h e n 
colloidal tungst ic acid is dried at 200°, i t contains about 2*57 per cent, of H 2 O and 
corresponds wi th H 2 W 3 O 1 0 — m o l . wt . 714 ; t h e mol . wt . calculated from the 
observed f.p. of the soln. is be tween 677 and 995. G. E . Linebarger measured the 
osmotic press, of soln. containing 0-02467 grm. and O-OIOO grm. of tungst ic acid 
per c.c., and the va lues calculated for t h e mol . wt . of the colloidal tungst ic acid 
averaged 170O, or nearly seven t imes 25O, t h e number corresponding wi th the 
simple molecule H 2 W O 4 . The colloid mol . would therefore consist of seven 
simple mol . i n the case of tungst ic acid, and th is is in keeping wi th the ordinary 
assumption t h a t t h e mols . of colloids are very large. W . Bi l tz and A. v o n Vegesack 
made some observat ions on the osmot ic press. A . V. D u m a n s k y a n d co-workers 
discussed the formation of complexes as an intermediate s tage in the formation of col­
loidal tungst ic acid—vide colloidal molybdic acid, A. V. D u m a n s k y and A. P . Bunt in 
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said t h a t the electrical properties of the soln. indicate t h a t the reaction takes place 
in stages : N a 2 W 0 4 + 2 H C l = H 2 W 0 4 + 2 N a C l and H 2 W O 4 + N a 2 W O 4 = N a 2 0 . 2 W O 3 
-J-H2O. This process is repeated, until a colloidal particle of the composit ion 
N a 2 C n W O 3 , or H 2 [ W O 4 - ^ W O 3 ] , is obtained. Numerous complexes of tungst ic 
acid are known which confirm th i s v iew. They also measured t h e v iscos i ty of 
tungst ic acid sols. The hydrosol of tungst ic acid, said T. Graham, has a bitter, 
astringent taste , and at 19°, t h e sp. gr. of a soln. wi th 5 per cent . W O 3 is 1*0475 ; 
wi th 10 per cent. , 1-2168 ; 5 0 per cent. , 1-6011 ; 66-5 per cent. , 2-396 ; and 79-8 
per cent. , 3-243. C. E . F a w s i t t found t h a t the v iscos i ty of the soln. is a linear 
function of the concentrat ion : soln. w i t h 2-8 and 4-4 per cent, of tungst ic acid had 
viscosities 1-028 a n d 1-044 (water uni ty ) respect ively at 25°. N . R. Dhar and 
co-workers also measured the v iscos i ty of the sol. S. G-hosh and N . R. Dhar 
measured the v i scos i ty of the colloidal sol. ; H . Pal lman, and A. J. Rabinowitsch 
and V. A. Kargin, the H"-ion concentrat ion of the hydrosol ; and W. Riedal , the 
change in the electric conduct iv i ty w i th the age of the hydrosol. 

According t o A. F . Wasi l iewa-Sinzowa, w h e n a colloidal soln. of tungstic acid in 
the presence of an organic reducing agent—e.g. dextrose, sucrose, dextrin, cellulose, 
or formaldehyde—is exposed t o sunlight, i t becomes blue. The soln. gradually 
loses this property at a speed which corresponds wi th a reaction of the first order. 
The reverse change occurs when the soln. is heated . I t is assumed t h a t colloidal 
tungst ic acid exis ts in t w o modifications ; the var ie ty sensit ive to the action of l ight 
is assumed to be converted into the other b y the absorption of water ; or the com­
pound which is sensit ive to l ight m a y be tungs ten trioxide which on adsorbing a 
mol. of sodium tungsta te forms the colloid which is n o t sensit ive to l ight. According 
t o A. IT. Wasi l iewa-Sinzova, w h e n 0-5JV-Na 2 WO 4 ^H 2 O is a l lowed t o s tand for t min. 
wi th an equal vol . of xN-HCl, and then m i x e d wi th 2 vols , of 0-5jV-glucose, exposed 
for 5 min. t o an arc-lamp, and the blue reduct ion product t i trated wi th potass ium 
permanganate , the latter result can be regarded as a measure of the sensit iv i ty of 
the tungst ic acid to l ight. The relation be tween the l ight sens i t iv i ty of the tungst ic 
acid and the concentrat ion, x, corresponded wi th the formula for a monomolecular 
reaction in which the cons tant Jc—using ordinary logarithms—decreased from 0-006 
wi th a?=0-43 to 0*0003 w i th < E = 0 * 5 0 , and became constant when x = 0 - 5 4 . The 
l ight sens i t iv i ty increases w i th x up t o 0*47, then decreases—perhaps because the 
number of mols . of tungst ic acid sensit ive t o l ight increases—and is then followed 
by a coagulat ing act ion of the acid. The decrease in the ve loc i ty constant wi th 
increasing values of a? is at tr ibuted t o the s imultaneous decrease in the cone, of the 
WO 4 ' ' - ions which exert a cata lyt ic effect. The cone, of this ion becomes zero when 
for every eq. of sodium tungs ta te a n eq. of acid is present. The phenomena do not 
depend on the Cl'-ions of the acid because similar results are obtained wi th sulphuric 
acid. IJ. Wohler and W. Enge ls showed t h a t the precipitation which occurs when 
soln. of molybdates are acidified is due to the presence of tungstates . The readiness 
wi th which precipitat ion takes place is dependent on the proportion of tungstic 
acid present, and when th is is present in very small amount , the temp, m a y be 
raised to nearly 100° before a precipitate is obtained. The precipitation is primarily 
due t o the tungst ic acid in the soln. , and when this separates out, molybdic acid is 
s imultaneously removed from t h e soln. S. Glixelli studied the electroosmosis or 
cataphoresis . T. Graham found t h a t the gelati l ization of silicic acid is retarded 
b y the presence of colloidal tungst ic acid ; M. Kroger measured the t ime required 
for the complete gelat inizat ion of silicic acid wi th different cone, of tungstic acid 
and found t h a t the t ime-cone, curve passes first through a minimum with the 
addit ion of tungst ic acid soln., i t then passes through a max imum, and finally falls 
cont inuously wi th increasing proportions of tungst ic acid. E . Wedekind and 
H. Fischer said t h a t hydrated tungst ic acid does not adsorb prussian blue. The 
s tabi l i ty of the colloid was s tudied by S. I. Diatschowsky. The adsorption of water, 
e thy l alcohol, e thylacetate , and acetic acid vapours was studied by J. N. Fearce 
q,nd M. J. Rice . 
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F . M a r g u e r i t t e 4 o b t a i n e d t h e a m m o n i u m sa l t of a n ac id wh ich A. !Laurent 
cal led meta tungs t i c acid ; t h e former r e p r e s e n t e d i t b y (NH 4 J 2 O-SWO 3 -SH 2 O, a n d 
t h e l a t t e r b y 5 ( N H 4 J 2 0 . 1 8 W 0 3 . 3 1 H 2 0 . W . L o t s showed t h a t t h e r a t i o of b a s e 
t o ac id , R 2 ^ : W O 3 is m o r e n e a r l y 1 : 4 , a n d t h i s is in accord w i t h t h e o b s e r v a t i o n s 
of A. Riehe , W . Lo tz , R . Scheibler , a n d J . C. Gr. de Mar ignac o n t h e s e sa l t s . T h e 
cor responding acid w a s o b t a i n e d b y A. L a u r e n t b y t r e a t i n g a soln. of t h e a m m o n i u m 
sa l t w i t h hyd roch lo rop l a t i n i c ac id , filtering off t h e a m m o n i u m c h l o r o p l a t i n a t e , 
a n d e v a p o r a t i n g t h e n i t r a t e for c rys ta l l iza t ion . T h e colourless c rys ta l s of t h e 
m e t a t u n g s t i c acid, H 2 0 . 4 W O 3 . 9 H 2 O , a r e r ead i ly soluble in w a t e r a n d a lcohol . 
C. Scheibler t r e a t e d t h e b a r i u m sa l t w i t h t h e ca lcu la ted a m o u n t of d i l . su lphur i c 
acid, a n d e v a p o r a t e d t h e filtrate over su lphur ic ac id in v a c u o . A s imi lar process 
was e m p l o y e d b y E . P e c h a r d , a n d M. SobolefE. V. F o r c h e r t r e a t e d t h e l ead sa l t 
w i t h h y d r o g e n su lph ide , expel led t h e excess of t h a t gas b y a c u r r e n t of c a r b o n 
d iox ide , c o n c e n t r a t e d t h e soln. on a w a t e r - b a t h , a n d finished t h e e v a p o r a t i o n for 
c rys ta l l i za t ion over su lphur ic acid, in v a c u o . J . Lefor t t r e a t e d a cone. soln. of 
s o d i u m d i t u n g s t a t e w i t h arsenic ac id a n d w a r m e d t h e m i x t u r e . A. R o s e n h e i m 
a n d F . K o I m o b t a i n e d m e t a t u n g s t i c acid b y t r e a t i n g a cone. aq . soln. of a m m o n i u m 
m e t a t u n g s t a t e w i th e the r a n d cone, hydroch lo r i c or su lphur ic ac id . T h r e e l aye r s 
of l iquid a r e fo rmed ; t h e lower l ayer con ta ins free m e t a t u n g s t i c acid, t o g e t h e r 
w i t h e the r a n d t h e m i n e r a l ac ids . T h e r equ i r ed ac id is o b t a i n e d b y e v a p o r a t i n g 
t h i s l ayer in air . T h e soluble t u n g s t i c ac id descr ibed b y J . Pe r soz w a s p r o b a b l y 
m e t a t u n g s t i c ac id . 

Ana lyses b y M. SobolefF, e t c . agree w i t h t h e fo rmula H 2 W 4 O 1 3 - S H 2 O , O r H 2 W 4 O 1 3 . 
6 H 2 O . A. R o s e n h e i m a n d F . K o h n gave H 2 W 4 0 1 3 . 8 H 2 0 a n d H 2 W 4 0 1 3 . 6 H 2 0 . 
Accord ing t o D . I . Mendelcefi , t h e s a m e t r a n s f o r m a t i o n is accompl i shed i n t h e 
pas sage of o r d i n a r y t u n g s t a t e s i n t o t h e m e t a t u n g s t a t e s a s t a k e s p lace in t h e 
pas sage of t u n g s t i c ac id itself f rom a n insoluble i n t o a soluble s t a t e — t h e h y d r o s o l . 
A. Michael is r e p r e s e n t e d o r d i n a r y t u n g s t i c acid b y H 2 W O 4 , a n d h e r e g a r d e d 
m e t a t u n g s t i c ac id as a c o n d e n s a t i o n p r o d u c t of th i s acid, H 2 W 4 O 1 3 ^ H 2 O , der ived 
from t h e a n h y d r i d e , W 4 O 1 2 , or, -with t u n g s t e n sex iva len t , 

O 2W-O-WO 2 

6 6 
o,w-o-wo2 

T h e q u e s t i o n is n o t so easi ly dec ided . T h e c o m p l e x he t e ropo ly -ac ids of t u n g s t e n 
h a v e b e e n d iscussed b y A. R o s e n h e i m a n d co-workers , as . well a s b y W . P r a n d t l 
a n d co-workers , A . R o g e r s a n d El. F . S m i t h , P . Pfeifier, H . Copaux ? e t c . 
C. Scheib ler s h o w e d t h a t al l t h e m e t a t u n g s t a t e s a r e d e h y d r a t e d w i t h difficulty, 
a n d t h a t a f te r all t h e w a t e r h a s been expel led , t h e res idue n o longer d issolves in 
w a t e r . Th i s m a k e s i t p r o b a b l e t h a t p a r t a t l eas t of t h e w a t e r is c o n s t i t u t i o n a l . 
A. G e u t h e r r e p r e s e n t e d m e t a t u n g s t i c ac id b y formulae wh ich a s s u m e d t h a t all t h e 
t u n g s t e n a t o m s a r e sex iva len t , a n d t h a t one mol . or t h r e e mol s . of w a t e r a r e con­
s t i t u t i o n a l : 

W ( S > W C H , I + < ' H ! 0 : or (g>W<g)W<0>W<0H)i+sHIO 

C. F r i e d h e i m found t h a t t h e a m m o n i u m a n d p o t a s s i u m sa l t s lose all b u t o n e 
mol . of w a t e r a t 100°, wh i l s t t h e s o d i u m , b a r i u m , c a d m i u m , l ead a n d m a n g a n e s e 
sa l t s r e t a i n 3 mol s . a t 100°, and, w i t h t h e e x c e p t i o n of t h e l ead sa l t , t h e y r e t a i n o n e 
m o l . u p t o 220°. Th i s m a k e s i t a p p e a r a s if a t l eas t one a n d poss ib ly 3 m o l s . of 
w a t e r a r e cons t i t u t i ona l . H . C o p a u x a r g u e d t h a t m e t a t u n g s t i c ac id is i s o m o r p h o u s 
w i t h t h e c o m p l e x h e t e r o p o l y acids—e.g . bo ro - , p h o s p h a t o - , a n d s i l ico- tungs t ic 
acids—-and t h a t some of t h e s a l t s — t h o s e of a m m o n i u m , p o t a s s i u m , a n d b a r i u m 
— a r e also i somorphous , a n d c o n s e q u e n t l y , t h e s e c o m p o u n d s h a v e p r o b a b l y a s imi la r 
c o n s t i t u t i o n ; a n d if t h e mol , w t . be inc reased s ix t i m e s , t h e p o t a s s i u m sa l t s 
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c a n be r ep resen ted : 6 K 2 0 . ( 3 H 2 0 . 2 4 W 0 3 ) . 3 6 H 2 0 , 5 K » 0 . ( B 2 0 3 . 2 4 W 0 3 ) . 3 6 H 2 0 , 
a n d 4 K 2 0 . ( 2 S i 0 2 . 2 4 W 0 3 ) . 3 6 H 2 0 ; a n d t h e b a r i u m sal ts : 6 B a O ( 3 H 2 0 . 2 4 W 0 8 ) . 
5 4 H 2 O , a n d 5 B a O ( B 2 0 3 . 2 4 W 0 3 ) . 5 4 H 2 0 . The mol . p r o p o r t i o n of ac id a n d base 
is n o t t h e s ame in t h e i somorphous compounds , b u t if 3 mols . of w a t e r a re a s sumed 
t o be cons t i tu t iona l in m e t a t u n g s t i c acid, t h e p ropo r t i ons of w a t e r of c rys ta l l i za t ion 
a re t h e s ame . There are also severa l po in t s of resemblance in t h e p rope r t i e s of t h e 
sa l t s of these he te ropo lyac ids . I t is therefore a s sumed t h a t t h e 3 mols . of con­
s t i t u t i ona l w a t e r a re acidic, a n d t h e free acids c a n be r ep resen ted b y t h e formulae : 
6 H 2 0 ( 3 H 2 0 . 2 4 W 0 3 ) . 4 8 H 2 0 ; 5 H 2 0 . ( B 2 0 3 . 2 4 W 0 3 ) . 4 8 H 2 0 ; 4 H 2 0 . ( 2 S i 0 2 . 2 4 W 0 3 ) . 
4 8 H 2 O ; a n d 3 H 2 O . ( P 2 O 5 . 2 4 W O 3 ) . 4 8 H 2 O . 

A. R o s e n h e i m a n d F . K o h n t r i ed t o find how m u c h w a t e r is cons t i tu t iona l b y 
p r epa r ing insoluble sa l t s wh ich usua l ly d o n o t con ta in w a t e r of c rys ta l l iza t ion , 
a n d showed t h a t in t h e si lver sal t 2 or 3 mols . a re firmly combined wi th t h e molecule, 
whi le in t h e t h a l l i u m a n d g u a n i d i n i u m sa l t s , on ly one mol . is firmly combined . 
T h e y also showed t h a t t h e r a t i o of fixed w a t e r t o t h e W O 3 g roup is a t l eas t 1 : 4 
a n d p r o b a b l y 3 ; 4 , whereas H . C o p a u x ' s hypo the s i s requ i res th i s r a t i o t o be 1 : 8. 
A. R o s e n h e i m a n d F . K o h n conc luded t h a t t h e c o n s t i t u t i o n is bes t r ep resen ted 
b y a fo rmula of t h e co-ord ina t ion t y p e w i t h 3 mols . of cons t i t u t iona l w a t e r : 
R 2 [ W O ( W O 4 J 3 ( H 2 O ) 3 ] , or poss ib ly R 2 [ W O ( W O 4 I 3 ( H 2 O ) ] . W h e n t h e cons t i tu ­
t iona l w a t e r is expel led, t h e sa l t s a r e decomposed . H . C o p a u x t h e n modified th i s 
hypothes i s , a n d r ep re sen ted t h e sa l t s as de r iva t ives of t h e acid (hypothe t ica l ) : 

Metatungst ic acid . . . - • • • H 1 0 [ H 2 ( W 2 0 7 ) 6 ] 
Borotvmgstie acid. . . . . • • • H 9 [ B ( W 2 O 7 ) e ] 
SiUcotungstic acid . . . . . . H8[Si(W2O7) , , ] 
Phosphotungst ic acid . . . . . . H 7 [P( W 2 0 7 ) B 3 

where t h e bas ic i ty is d e t e r m i n e d b y t h e dilference be tween t h e va lency of t h e 
cen t r a l e l emen t a n d t h e c o m b i n e d va lency of assoc ia ted s ix radicles . Me ta tungs t i c 
ac id c a n t h u s be referred t o w a t e r H 1 0 [ H 2 O 6 ] in which t h e six oxygen a t o m s are 
rep laced b y six b i v a l e n t W 2 0 7 - r a d i c l e s . T h e ac id is t h u s a s s u m e d t o b e decabas ic , 
whereas , w i t h t h e excep t ion of t h e m e r c u r y sa l t , on ly hexabas ic sa l ts of t he t y p e 
M 6 H 4 [ H 2 ( W 2 O 7 J 6 ] h a v e been p r e p a r e d . A n ill-defined mercu rous sal t , 
H g %

8 H 2 [ H 2 ( W 2 0 7 ) 6 ] , h a s been r epor t ed—v ide infra. Ac tua l l y t h e bas ic i ty of t h e 
ac id is u n k n o w n . 

The c rys ta l s of m e t a t u n g s t i c ac id were descr ibed b y V. F o r c h e r as oc tahedra , 
while C. Scheibler cal led t h e m t e t r a g o n a l b i p y r a m i d s . H . C o p a u x found t h a t t h e 
c rys ta l s a r e i somorphous w i t h t hose of t h e silico- a n d phospho- tungs t i c acids . 
C. Scheibler found t h a t t h e sp . gr. is 3-93. T h e sp . gr . of t h e aq . soln. wi th 41-46, 
88-57, a n d 111-87 g r m s . of H 2 W 4 0 1 3 . 9 H 2 0 were found b y M. Soboleff t o be 
respec t ive ly 1-6025 a t 0° ; 2-5239 a t 22° ; a n d 3-6503 a t 43-5° ; a n d h e gave for 
soln. w i t h p p e r cen t , of W O 3 a t 17-5°, t h e sp . gr . = 1 + 0 - 0 0 9 0 3 ^ + 0 - 0 0 0 0 6 33^2 
+ 0 - 0 0 0 0 0 1 4 1 ^ 3 . T h e c rys ta l s , sa id A. R o s e n h e i m a n d F . K o h n , read i ly effloresce 
in air . M. Soboleff a d d e d t h a t w h e n h e a t e d t o 50°, t h e c rys ta l s lose 8-34 pe r cen t . 
or 4 -5H 2 O, a n d t h e y t h e n become v i r t ua l l y insoluble in w a t e r , th i s m e a n s t h a t 
t h e ac id is decomposed . T h e loss a t 100° is 10-1 pe r cent , or 6-1H2O ; a t 150°, 12-94 
p e r cen t , or 7 -5H 2 O ; a t 180°, 13-5 per cent , or 8 1 H 2 O , a n d a t 180°, 13*48 or 8 H 2 O . 
C. Scheibler g a v e 11-4 pe r cen t , or 7HoO for t h e loss a t 100°. According t o M. Sobo-
leff, t h e lower ing of t h e f .p. of soln. "of t h e acid w i t h 0-3489, 2-8724, a n d 25-9447 
g r m s . of H 2 W 4 O 1 3 p e r 100 c.c. of w a t e r a re respec t ive ly 0*05165°, 0-04076°, a n d 
0-03393°, co r re spond ing w i t h t h e respec t ive mol . w t s . 365-2, 464*7, a n d 557-9— 
t h e o r y 926—so t h a t t h e fac tors i a re respec t ive ly 2-53, 1-99, a n d 1*66. The mol . 
e lectr ical conduc t iv i t i e s , /LC, of t h e aq . soln. w i t h 926 g r m s . in v l i t res , a t 25°, are : 

V 

M 
. 32 
. 159*9 

64 
2191 

128 
261*8 

256 
305-1 

512 
348*6 

1024 
390*0 

A. R o s e n h e i m a n d F . K o h n sa id t h a t in a q , soln. , m e t a t u n g s t i c acid behaves as a 
V O L . X i . 3 i> 
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n o r m a l e lec t ro ly te , a n d a c t s a s a d ibas ic ac id . F o r t h e e l ec t rome t r i c t i t r a t i o n , 
vide supra, P i g . 24 . T h e solubi l i t ies of H 2 W 4 0 1 3 . 9 H 2 0 a t 0° , 22°, a n d 43-5° a r e 
r e spec t ive ly 41-46, 88-57, a n d 111*87 g r m s . p e r 100 c.c. of w a t e r . T h e a q . soln. 
is colourless , or, accord ing t o V. !Forcher, p a l e yel low. T h e so ln , h a s a s t r o n g ac id 
a n d b i t t e r t a s t e , a n d does n o t a p p e a r t o b e po i sonous . A . R o s e n h e i m a n d E . B r a u e r 
f o u n d t h e H ' - i o n cone , of 0-0052V-soln. of H 1 0 [ H 2 ( W 2 O 7 ) 6 ] . 2 2 H 2 O , t o be [ H ' ] = 0 - 0 0 3 5 , 
or ^ s = 2 - 4 5 , w h e n t h e v a l u e s for 0 0 I i V - H C l a r e [ H * ] = 0 0 0 9 5 , or ^ H = 2 - 0 2 2 ; a n d 
for iV-CH 3 .COOH, [ H ' ] = 0 - 0 0 4 3 , o r ^ H = 2 - 3 6 6 . H . Leiser f o u n d t h a t whi le n o 
c h a n g e occu r r ed i n t h e e lec t ro lys is of a t u n g s t a t e , a soln. of m e t a t u n g s t i c ac id is 
r e d u c e d t o a b lue soln. w h i c h is r e a d i l y ox id ized b y e x p o s u r e t o air , a n d f rom w h i c h 
n o c rys ta l l ine p r o d u c t cou ld b e o b t a i n e d . Us ing a p l a t i n u m b a s i n a s c a t h o d e , 
a n d a n ickel g a u z e a n o d e , t h e b lue c o m p o u n d fo rmed a p p r o x i m a t e s W 4 O 1 1 , a n d if 
a l ead c a t h o d e b e e m p l o y e d t h e r e d u c t i o n goes fu r the r fo rming b l a c k t u n g s t e n 
d iox ide . Acco rd ing t o C. Scheibler , t h e a q . soln. c a n be boi led for a long t i m e 
w i t h o u t decompos i t i on , a n d a t 100°, t h e soln. c a n b e e v a p o r a t e d t o a c e r t a i n p o i n t 
w h e n i t fo rms a w h i t e g u m m y m a s s of w h i t e t u n g s t i c ac id w h i c h s u d d e n l y c racks , 
a n d finally yel low t u n g s t i c ac id is fo rmed . DiI . soln. c a n b e k e p t for a long t i m e in 
closed vessels w i t h o u t change , b u t cone . soln. s lowly fo rm w h i t e t u n g s t i c ac id . If 
t h e soln. is n o t t o o dil. , su lphur i c ac id gives a w h i t e p r e c i p i t a t e w h i c h passes i n t o 
soln. if m o r e w a t e r is a d d e d . V. iForcher, a n d C. Scheib ler a d d e d t h a t w i t h h y d r o ­
chlor ic ac id a n d z inc , m e t a t u n g s t i c ac id b e c o m e s b lue ; t h e soln. g ives n o p r e ­
c i p i t a t e w i t h h y d r o g e n su lph ide ; a n d w i t h a m m o n i u m su lph ide , s u l p h u r s e p a r a t e s 
o u t , a n d a f te r a t i m e , t h e soln. depos i t s b lu i sh -b l ack c u b e s of a m m o n i u m s u l p h o -
t u n g s t a t e . J . C. Ghosh a n d J . Mukher j ee s t u d i e d t u n g s t i c ac id as a p h o t o c a t a l y s t 
in t h e decompos i t i on of h y d r o g e n d iox ide . A. R o s e n h e i m a n d F . K o h n sa id t h a t 
in a lcohol ic soln. , m e t a t u n g s t i c ac id a c t s a s a colloid ; w h e n a m i n e r a l ac id is p r e ­
sen t , i t is poss ib le t h a t a mo l . c o m p o u n d of m e t a t u n g s t i c ac id a n d e t h e r is f o rmed . 
N o es te r s of m e t a t u n g s t i c ac id could b e p r e p a r e d . M. SobolefE sa id t h a t a t 0 ° , 
7-8°, 18-2° a n d 24-2°, e t h e r dissolves respec t ive ly 83-456, 88-389, 99-66, a n d 110-76 
g r m s . H 2 W 4 O 1 3 ^ H 2 O p e r 100 c.c. If t h e ac id h a s los t some w a t e r i t does n o t 
d issolve . I n e x t r a c t i n g t h e ac id f rom a q . soln. b y m e a n s of e the r , a l iqu id w i t h 3 
l aye r s is fo rmed . Gr. J a n d e r a n d co-workers r e g a r d t h e m e t a t u n g s t a t e s a s h e x a -
t u n g s t a t e s , poss ib ly R 6 H 4 [ H 2 ( W 2 O 7 ) ^ - T i H 2 O . T h e y f o u n d t h a t w h e n a q . so ln . 
of a lka l i t u n g s t a t e s a r e g r a d u a l l y acidified, a m o r p h o u s p r e c i p i t a t e s of h y d r a t e d 
fo rms of t u n g s t e n t r i ox ide a r e finally o b t a i n e d . Before t h e p r e c i p i t a t e is a c t u a l l y 
fo rmed, howeve r , p o l y m e r i z a t i o n c h a n g e s occur in t h e d i sso lved t u n g s t i c ac id , 
a n d t h e s e c h a n g e s h a v e been i n v e s t i g a t e d b y t h e t w o m e t h o d s a l r e a d y u s e d in t h e 
case of s t a n n a t e s , viz., b y m e a n s of m e a s u r e m e n t s of diffusion coefficients a n d of 
a b s o r p t i o n coefficients of vis ible a n d u l t r a - v i o l e t l igh t . T h e g r a d u a l a d d i t i o n of 
hydroch lo r i c ac id t o a soln. of a n a lka l i t u n g s t a t e p r o d u c e s first a p o l y m e r i z a t i o n 
t o h e x a t u n g s t i c acid , w i t h o u t t h e f o r m a t i o n of a n y i n t e r m e d i a t e acid , a s follows : 
6 W 0 4 ^ + 6 H * ^ W f l 0 2 i , " / / , + 3 H 2 0 . W i t h t h e a d d i t i o n of m o r e ac id t h e r e is a f u r t h e r 
p o l y m e r i z a t i o n t o m e t a t u n g s t i c ac id , w h i c h is p r o b a b l y a d i p a r a t u n g s t i c ac id , a n d 
i n p resence of o t h e r ac ids , such a s a r sen ic or p h o s p h o r i c ac ids , h e t e r o p o l y t u n g s t i c 
ac ids a r e fo rmed . 

According to J . Lefort, if a very c o n e , cold soln. of one p a r t of arsenic acid is mixed 
wi th a similar soln. of f our par t s of normal sodium tungs ta te , a complex arsenatotungsta te 
is formed, b u t if one pa r t of arsenic acid be mixed with, two par t s of sodium di tungstate , 
and the soln. evaporated, metatungst ic acid is obtained in very fine yellow leaflets. To 
this acid, the name metaluteotungstie acid, WO ? . 7H a O, is given—luteus, yellow. This 
acid is also obtained if phosphoric acid is used instead of arsenic acid. The properties 
resemble those of ordinary metatungst ic acid. The yellow colour m a y be due to im­
purities ; E . Pechard could no t confirm J". Lefort 's results, 

I n 1847, A . L a u r e n t & p r e p a r e d sa l t s of a paratungs t i c ac id . H e cal led t h e m 
p a r a t u n g s t a t e s , a n d r e p r e s e n t e d t h e m b y t h e f o r m u l a 5 B 2 O - 1 2 W O 3 , wh i l e W . !Lotz, 
a n d C. Sche ib le r sugges t ed 3 R 2 O J W O 3 . J . C. G. d e M a r i g n a c c o n c l u d e d t h a t t h e 
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m a j o r i t y of t h e p a r a t u n g s t a t e s c o n t a i n e d 5 R 2 0 . 1 2 W O 3 , b u t a few c o n t a i n e d 
3 K 2 0 . 7 W 0 8 . Gr. v o n K n o r r e , a n d C. Gonzalez were u n a b l e t o dec ide i n f a v o u r 
of e i the r fo rmula . T h e degree of p u r i t y of t h e sa l t s , a n d t h e l im i t s of t h e a n a l y t i c a l 
e r ro r s d o n o t enab l e a d i s t i n c t i o n t o b e m a d e b e t w e e n t h e s e formulae. H . C o p a u x 
s t u d i e d t h e d e h y d r a t i o n of t h e sa l t s , a n d conc luded t h a t t h e y a r e h y d r o h e x a -
t u n g s t a t e s -with t h e gene ra l f o rmu la R 5 [H(W 2 O 7 )S] -WH 2 O. H e p re fe r red t h i s t o 
a fo rmula w i t h t h e W O " 4 - r a d i c l e because l ike t h e m e t a t u n g s t a t e s t h e p a r a t u n g ­
s t a t e s a b s o r b u l t r a -v io l e t l igh t , w h e r e a s t h e n o r m a l t u n g s t a t e s d o n o t d o s o . 
A . R o s e n h e i m r e g a r d e d t h e p a r a t u n g s t a t e s a s sa l t s of t h e ac id H 1 0 [ H 2 ( W O 4 J 6 ] . 
The re is n o ev idence p r o v i n g t h e bas i c i t y of t h e ac id , b u t t h e sa l t s a re u sua l ly 
r e p r e s e n t a b l e b y t h e f o r m u l a R 6 H 5 [ H 2 ( W O 4 J 6 ] . G. v o n K n o r r e found t h a t t h e p a r a ­
t u n g s t a t e s g r a d u a l l y d e c o m p o s e in a q . soln. , f o rming n o r m a l t u n g s t a t e s a n d m e t a ­
t u n g s t a t e s ; hence , whi le a f reshly p r e p a r e d soln. is n e u t r a l t o p h e n o l p h t h a l e i n , i t 
g r a d u a l l y b e c o m e s ac id ic . T h e c h a n g e p r o c e e d s r a p i d l y w h e n t h e soln. is boi led. 
R . C. Wel l s also f o u n d t h a t t h e e lec t r ica l c o n d u c t i v i t i e s of a q . soln. s lowly increase 
w h e n a l lowed t o s t a n d for some t i m e . 

I i . A . H a l l o p e a u found t h a t free p a r a t u n g s t i c a c i d is n o t easi ly o b t a i n e d b y t h e 
a c t i o n of h y d r o g e n su lph ide o n t h e l ead sa l t , o r of h y d r o c h l o r i c ac id on t h e si lver 
sa l t , b e c a u s e t h e r e su l t i ng si lver ch lor ide is difficult t o s e p a r a t e . T h e b e s t m e t h o d 
is t o m i x t h e b a r i u m sa l t w i t h n o t q u i t e e n o u g h di l . s u lphu r i c ac id for t h e c o m p l e t e 
d e c o m p o s i t i o n of t h e sa l t . DiI . soln. of p a r a t u n g s t i c ac id a r e n o t d e c o m p o s e d b y 
h e a t , b u t p r o l o n g e d bo i l ing p a r t i a l l y c o n v e r t s t h e p a r a t u n g s t i c i n t o m e t a t u n g s t i c 
ac id . W h e n t h e soln . is e v a p o r a t e d , e v e n in v a c u o , a t t h e o r d i n a r y t e m p . , s o m e 
o r d i n a r y t u n g s t i c ac id is fo rmed . Alkal i - lye neu t r a l i ze s t h e soln. a n d y ie lds p a r a ­
t u n g s t a t e s . H y d r o c h l o r i c , n i t r i c , a n d s u l p h u r i c ac ids d e c o m p o s e d i l . soln . of 
p a r a t u n g s t i c ac id ; h y d r o g e n su lph ide r e d u c e s t h e m w i t h f o r m a t i o n of t h e b lue 
or t h e g reen ox ide ; ace t ic , p h o s p h o r i c , a n d ca rbon ic ac ids h a v e n o ac t ion . Organ ic 
s u b s t a n c e s , i nc lud ing filter-paper, r e d u c e t h e ac id w i t h f o r m a t i o n of t h e b lue ox ide , 
a n d a soln. m i x e d w i t h a lcohol is s imi la r ly r e d u c e d w h e n e x p o s e d t o l igh t . F o r 
t h e e l ec t rome t r i c t i t r a t i o n , vide supra, F i g . 24. 
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§ 12. The Monotungstates—Normal Tungstates 
T h e g r e a t v a r i e t y of c o m p o u n d s of t u n g s t e n t r i ox ide w i t h t h e b a s e s h a s i n t r o ­

d u c e d difficulties i n t h e i r classif ication. S o m e cons ider t h a t t h e y a r e b e s t r e g a r d e d 
as n o r m a l t u n g s t a t e s of t h e t y p e , M 2 WO 4 .TiH 2 O ; p a r a t u n g s t a t e s of t h e t y p e 
3 M 2 O ^ W O s - W H 2 O , or 5 M 2 0 . 1 2 W O 3 - ^ H 2 O ; a n d m e t a t u n g s t a t e s of t h e t y p e 
M 2 W 4 O 1 3 -WH 2 O ; t h e r e a r e , h o w e v e r , o t h e r r e l a t ions w h i c h m a k e t h i s s y s t e m 
i n a d e q u a t e — v i d e supra, t u n g s t i c ac id . As i n t h e case of t h e h i g h e r m o l y b d a t e s 
(q.v.)9 m a n y of t h e c o m p l e x t u n g s t a t e s c a n b e r e g a r d e d a s 

{ Dit ixngstates or Tetrahyclrohexatvmgstates 
P a r a t u n g s t a t e s or Pental iyd .rotungstates 
Tr i tungs ta te s or H e x a h y d r o h e x a t u n g s t a t e s 

J^ , i M e t a t u n g s t a t e s or TetranyclrodocLocatungstates 
t ir t t * 1 H e x a t u n g s t a t o s or H e x a h y d r o d o d e c a t u n g s t a t e s 

" I O c t o t u n g s t a t e s or H e p t a h y d r o d o d e c a t u n g s t a t e s 

H o x a -
t u n g s t a t e s 

R 8 H 4 [ H 2 ( W O 4 ) , ] 
R 5 H 6 [ H 2 ( W O 4 ) , ] 
K 4 H f l [ H a ( W 0 4 ) f l ] 
R 6 H 4 [ H 2 ( W 2 O 7 ) , ] 
R 4 H 6 [ H a ( W 2 0 7 ) e ] 
R 3 H 7 [ H a ( W 2 0 7 ) 6 ] 

H y d r a t e d t u n g s t e n t r i o x i d e r e a d i l y d issolves in a q . a m m o n i a , b u t n e i t h e r 
E . IF. A n t h o n , 1 n o r J . C. G. d e M a r i g n a c -were a b l e t o i so la te n o r m a l a m m o n i u m 
t u n g s t a t e , ( N H 4 ) 2 W 0 4 . w H 2 0 , f rom t h e soln. becavise w h e n t h e soln. is c o n c e n t r a t e d , 
a m m o n i a is lost , a n d a n ac id sa l t r e m a i n s . T h e c o r r e s p o n d i n g su lpho-sa l t , 
( N H 4 J 2 W S 4 , h a s b e e n o b t a i n e d . I t is a s s u m e d t h a t a n a q . soln . of t h e sa l t ex i s t s 
because , as s h o w n b y E . F . A n t h o n , a soln . of c a l c i u m ch lor ide p r e c i p i t a t e s n o r m a l 
ca l c ium t u n g s t a t e . A. R o s e n h e i m a n d IT. J a c o b s o h n , h o w e v e r , d i d o b t a i n t h e 
n o r m a l sa l t a s a w h i t e m a s s b y t h e a c t i o n of h y d r a t e d t u n g s t i c ac id on l iqu id 
a m m o n i a . L ikewise t h e sa l t w a s p r e p a r e d b y T . H . Tsao , a n d b y E . K u n a u . 
F o r t h e so-cal led ammonium isotungstate, vide supra, t h e h i s t o r y of t u n g s t e n . 
A m m o n i u m t u n g s t a t e is v e r y soluble i n -water, a n d r e a d i l y loses a m m o n i a . 
A c c o r d i n g t o C. E . G u i g n e t , t h e a q . soln . r e a d i l y d issolves p r u s s i a n b lue ; a n d . 
a c c o r d i n g t o R . E . L ie segang , p a p e r t r e a t e d first w i t h a m m o n i u m t u n g s t a t e , a n d 
t h e n w i t h hyd roch lo r i c ac id , b e c o m e s g rey w h e n e x p o s e d t o l igh t . Accord ing t o 
K . A. H o f m a n n a n d V. K o h l s c h u t t e r , w h e n 25 g r m s . of p o w d e r e d s o d i u m p a r a -
t u n g s t a t e a r e a d d e d t o a soln. of IO g r m s . of h y d r o x y l a m i n e h y d r o c h l o r i d e in 20 c.c. 
of w a t e r , t h e p r o d u c t d i s so lved i n 50 c.c. of 15 p e r cen t , a m m o n i a , a n d t h e soln. 
a l lowed t o e v a p o r a t e ove r p o t a s s i u m h y d r o x i d e , t h i c k t a b l e t s of a m m o n i u m 
h y d r o x y l a m i n e t u n g s t a t e , ( N H 3 O H ) . W O 4 . ( N H 4 ) , a r e fo rmed . T h e sa l t r educes 
F e h l i n g ' s soln. , a n d a n a m m o n i a c a l soln. of s i lver n i t r a t e . 

G. C. G m e l i n 2 o b t a i n e d l i t h i u m t u n g s t a t e , L i 2 W O 4 , b y dissolving t u n g s t e n 
t r i o x i d e in a boi l ing soln . of l i t h i u m c a r b o n a t e , a n d e v a p o r a t i n g t h e l iqu id for 
c r y s t a l l i z a t i o n ; a n d E . F . A n t h o n o b t a i n e d i t b y 
d i sso lv ing t h e t u n g s t e n t r i o x i d e i n m o l t e n l i t h i u m 
c a r b o n a t e , a n d a l lowing a n a q . soln . of t h e cold 
p r o d u c t t o c rys ta l l i ze . J . A . M. v a n Liiempt found 
t h a t l i t h i u m t u n g s t a t e m e l t s a t 742° a n d shows n o 
t r a n s i t i o n p o i n t . F . H o e r m a n n g a v e 742° for t h e 
m . p . T h e f .p. of m i x t u r e s w i t h t u n g s t e n t r i o x i d e 
a r e s h o w n in F i g . 25 , a s far a s a b o u t L i 2 O : W O 3 
= 1 : 2*5 ; t h e m o l t e n t u n g s t a t e does n o t d isso lve 
m o r e t r i o x i d e . A c o m p o u n d l i t h i u m d i t u n g s t a t e is 
f o r m e d m e l t i n g a t 745° , a n d w i t h a t r a n s i t i o n 
p o i n t a t 687° . T h e c u r v e F i g . 25 is b y F . H o e r ­
m a n n . Vide infra, for m i x t u r e s of l i t h i u m t u n g ­
s t a t e w i t h s o d i u m a n d p o t a s s i u m t u n g s t a t e s . Ac­
c o r d i n g t o W . Z a c h a r i a s e n , t h e X - r a d i o g r a m shows 
t h a t l i t h i u m t u n g s t a t e is i s o m o r p h o u s w i t h t h e m o l y b d a t e (q.v.) ; t h e e l e m e n t a r y 
t r i g o n a l cell h a s a a b o u t 8*20 A. , a n d c, a b o u t 9-45 A. T h e r h o m b i c co lumns , 
or o c t a h e d r a l c ry s t a l s , a r e s t a b l e i n a i r ; t h e y h a v e a sweet , y e t b i t t e r , t a s t e ; 
t h e y a r e r e a d i l y so luble in w a t e r ; a n d t h e a q . soln. h a s a n a lka l ine r eac t ion . 
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A. R o s e n h e i m a n d W . R e g l i n f o u n d t h e h y d r a t e t o b e !Li 2 WO 4 -H 2 O, a n d t h a t 
t h e sa l t in a q . soln. is s t r ong ly h y d r o l y z e d . W i t h a t m . c a r b o n d iox ide , l i t h i u m 
c a r b o n a t e a n d t ungs t i c ac id a r e fo rmed . T h e sa l t is soluble in a soln. of l i t h i u m 
h y d r o x i d e , a n d o n e v a p o r a t i n g t h e soln. , a non-c rys ta l l i zab le s y r u p is o b t a i n e d . 

A n h y d r o u s s o d i u m t u n g s t a t e , N a 2 W O 4 , w a s o b t a i n e d b y E . F . A n t h o n , 3 

E . Ze t tnow, a n d F . Ul l ik b y fusing t o g e t h e r eq . p ropo r t i ons of t u n g s t e n t r i ox ide 
a n d t h e alkal i h y d r o x i d e or c a r b o n a t e . I t w a s also p r o d u c e d b y B . v o n P a w l e w s k y , 
b y a l lowing t h e h y d r a t e t o s t a n d for a long t i m e over cone , su lphur i c ac id ; b y 
A. R i c h e , b y a l lowing i t t o s t a n d i n v a c u o ; a n d b y A. R i che , V. F o r c h e r , B . v o n 
P a w l e w s k y , a n d R . F u n k , b y h e a t i n g t h e h y d r a t e over 100°. T h e p r e p a r a t i o n of 
t h e sa l t f rom wol f rami te , e t c . , h a s b e e n discussed in connec t ion w i t h t h e e x t r a c t i o n 
of t u n g s t e n (q.v.). I t s e p a r a t e s f rom i t s a q . soln. i n t h e h y d r a t e d fo rm. W . J a n d e r 
a n d A. W i n k e l o b s e r v e d t h a t t h e n o r m a l a lkal i t u n g s t a t e is fo rmed in a q . soln. w h e n 
t h e [H*] -concen t ra t ion lies b e t w e e n 10~~14 a n d 10~~6*5 ; a n d t h e p a r a t u n g s t a t e 
R 5 ( H W 6 O 2 1 ) w h e n t h e cone , is b e t w e e n 10—65 a n a 10—6-5. 

T h e r e l a t ions of s o d i u m t u n g s t a t e t o w a t e r closely r e semble t h o s e of s o d i u m 
m o l y b d a t e . T h e p e r c e n t a g e solubi l i ty , S, found b y R . F u n k , w a s : 

S 

Solid phase 

— 5° 
3 0 - 6 3 6 - 5 

5 a 

41-O 
6° 

4 1 - 8 
10° 

4 1 - 9 
20° 

42-2 
40* 

43-8 
80° 

4 7 * 4 
100° 
49-2 

10H2O 2H2O 

1 
it s 

T h e r e is a n u n s t a b l e fo rm of t h e d i h y d r a t e w i t h >S=41-7 a t —3*5°. T h e r e su l t s a r e 
p l o t t e d in F i g . 26, w h e r e t h e d o t t e d c u r v e refers t o s o d i u m m o l y b d a t e , t h e con­

t i n u o u s c u r v e t o s o d i u m t u n g s t a t e . T h e a n ­
h y d r o u s t u n g s t a t e does n o t a p p e a r a s a s t ab l e 
p h a s e in t h e s y s t e m be low 100°. A . R i c h e o b ­
t a i n e d t h e dihydrate, N a W O 4 . 2 H 2 O , f rom a soln. 
of t u n g s t e n t r i ox ide a n d s o d i u m c a r b o n a t e ; a n d 
E . F . A n t h o n f rom a soln. of t h a t ox ide a n d 
s o d i u m h y d r o x i d e , o r f rom a n a q . soln. of a 
p rev ious ly m e l t e d m i x t u r e of wo l f r ami t e a n d 
s o d i u m c a r b o n a t e . T h e d i h y d r a t e c a n b e r e -
c rys ta l l ized f rom w a t e r . T h e cond i t i ons of s t a ­
b i l i t y a re i nd i ca t ed in F i g . 26. R . F u n k s h o w e d 
t h a t be low 6°, t h e aq . soln. furnishes c rys t a l s of 

F l ° * 2 6 ^ I ^ S D i ^ i w « + ^ S ° d i U m t l i e d e c a h y d r a t e : N a 2 W O 4 - I O H 2 O . A na ly se s of 
n^nrc n ft 1« a. ^f ^ e d i h y d r a t e were m a d e b y E . F . A n t h o n , 

Wegel in , J . C. G. d e Mar ignac , A . R i c h e , a n d 
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F u n k , E . Fo rche r , R 
Ze t tnow. 
A n h y d r o u s s o d i u m t u n g s t a t e furn ishes w h i t e c rys ta l s ; a n d w h e n h e a t e d , t h e 

sa l t unde rgoes t w o t r a n s f o r m a t i o n s . H . E . Boeke s h o w e d t h a t t h e c h a n g e s a r e 
revers ib le . T h e m o l t e n l iqu id freezes a t a b o u t 700°—f.p . F i g . 27 . F o r r e a s o n s 
w h i c h will a p p e a r , H . E . B o e k e ca l led t h e sa l t in t h i s s t a t e / J - N a 3 W O 4 , a n d h e 
o b s e r v e d t h a t t h e r e is a t r a n s i t i o n p o i n t a t 588° , invo lv ing t h e revers ib le c h a n g e : 
J S - N a 2 W O 4 ^ y - N a 2 W O 4 ; a n d a t 564°, 7 / -Na 2 WO 4 passes i n t o S - N a 2 W O 4 b y a rever ­
sible process : 7 / - N a 2 W O 4 ^ S - N a 2 W O 4 . T h e S-form is s t ab l e a t o r d i n a r y t e m p . 
Acco rd ing t o N . P a r r a v a n o , t h e t r a n s i t i o n p o i n t s o n t h e cool ing c u r v e for t h e 
/J—7/ a n d t h e y*=^8 t r a n s f o r m a t i o n s a r e r e spec t ive ly 585° a n d 568° ; H . S. v a n 
K l o o s t e r g a v e respec t ive ly 589° a n d 572° ; F . H o e r m a n n , 590° a n d 583° ; a n d 
K . H u t t n e r a n d Gr. T a m m a n n f o u n d t h e y ^ S t r a n s i t i o n t o occur a t 5 7 0 ° — 
J . A. M. v a n L i e m p t g a v e 5 7 7 ° ; a n d A . H a r e , 579°. H . S. v a n K loos t e r a n d 
H . C. G e r m s found o n t h e h e a t i n g c u r v e , 587° for t h e 8*=±y t r a n s i t i o n p o i n t — 
J . A . M. v a n Liiempt g a v e 5 8 8 ° — a n d 591° for t h e y^yS t r a n s i t i o n p o i n t . T h e 
t h e r m a l v a l u e of t h e S ^ y - t r a n s f o r m a t i o n is m u c h g r e a t e r t h a n t h a t of t h e ys==±fi-
t r a n s f o r m a t i o n . S o d i u m s u l p h a t e shows a t r a n s i t i o n p o i n t a t 239° i n w h i c h w h a t 
J I . E . B o e k e cal led Ci-Na2SO4 passes i n t o C-Na2SO4 , t h e fo rm s t ab le a t o r d i n a r y t e m p . 
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The reason the j8-prefix is n o t here employed turns on the fact t h a t on comparing 
the results w i th sodium sulphate wi th those obtained wi th the molybdate and 
tungstate , other forms m a y b e subsequent ly discovered. The results wi th sodium 
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sulphate , molybdate , and tungs ta te are summarized in Fig . 27, and in the following 
table showing t h e range of s tabi l i ty of t h e different forms, as well as their bire­
fringence, h : 

N a 2 S O 4 -
3 S T a 2 M o O 4 . 
I S T a 2 A V O 4 , 

M e l t i n g -
p o i n t 
8 8 8 ° 
6 9 8 ° 
6 9 2 ° 

a - c r y s t a l s 
(b f e e b l e ) 

8 8 8 ° - 2 3 9 ° 
• — 

6 9 2 ° - 6 1 9 ° 

/S- c r y s t a l s 
(b s t r o n g ) 

99 

6 9 8 ° - 5 8 8 ° 
6 1 9 ° - 5 8 7 ° 

y - c r y s t a l s 
(b v e r y s t r o n g ) 

5 8 8 ° - 5 6 4 ° 
5 8 7 ° - 4 3 1 ° 

8 - c r y s t a l s 
( i s o t r o p i c ) 

»» 
5 6 4 ° - . . . 
4 3 1 ° - . . . 

8 - c r y s t a l s 
(b v e r y s t r o n g ) 

2 3 9 ° - . . . 

,, 
99 

R. Lorenz and W. Herz made some observations on t h e transit ion t emp, of sodium 
tungs ta te . The f.p. curve of the sys tem, L i 2 W O 4 - N a 2 W O 4 , b y J. A. M. v a n 
Xiiempt, is shown in F ig . 28 . There is a s imple eutect ic a t 491° and 45 molar per 
cent , of sod ium tungsta te . F . Hoermann's observations are summarized in F ig . 
28 . A compound of the t w o salts is formed wi th an incongruent m.p. a t 511°. 
H . S. v a n Klooster and H . C. Germs' observat ions on the behaviour of each of the 
three s a l t s — N a 2 W O 4 , Na 2 MoO 4 , and N a 2 S O 4 — i n binary sys tems is i l lustrated b y 
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F i a s . 2 9 , 3 0 , a n d 3 1 . — T h e B i n a r y S y s t e m s N a 2 S O 4 - N a 2 M o O 4 , N a 2 M o O 4 - N a 2 W O 4 , 
a n d N a 2 W O 4 - N a 2 S O 4 . 

Fi gs . 29 t o 31 ; and these diagrams are combined in Fig . 32 t o represent the ternary 
s y s t e m — N a 2 S O 4 - N a 2 M o O 4 - N a 2 W O 4 . H . E . Boeke , and P . Kordes also s tudied 
the s y s t e m N a 2 M o O 4 - N a 2 W O 4 . 

The ordinary commercial salt is the dihydrate, and the white or transparent, 
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n a c r e o u s , sca ly crysta ls were desc r ibed b y L . N . V a u q u e l i n a n d IJ. H e c h t as four-
s ided p l a t e s , a n d b y E . F . A n t h o n , A . R i che , a n d V. F o r c h e r as r h o m b i c p l a t e s . 

Accord ing t o J . C. Gr. d e Mar ignac , t h e r h o m b i c 
b i p y r a m i d s h a v e t h e ax i a l r a t i o s a : b : c=0-8002 : 
1 : 0-647O. F . Z a m b o n i n i g a v e 0-8013 : 1 : 0-6524, 
a n d for t h e op t i c ax ia l angle , 2 2 £ = 3 5 ° 20 ' for 
A = 6 6 7 ; 39° 3 0 ' for N a - l i g h t ; a n d 43° 4 0 ' for 
A = 5 3 3 . T h e c rys ta l s w e r e also descr ibed b y 
C. F . R a m m e l s b e r g , a n d E . Her l inge r . Accord ing 
t o F . W . Clarke a n d J . L.. D a v i s , t h e specif ic 
grav i ty of t h e a n h y d r o u s sa l t is 4-1833 a t 18*5° 
a n d 4-1743 a t 20-5° ; a n d t h a t of t h e d i h y d r a t e 
is 3-2588 a t 17-5° a n d 3-2314 a t 18-5°. F . Z a m ­
b o n i n i gave 3-50 a t 15°/15°. F . M. J a g e r ' s 
v a l u e s for t h e m o l t e n sa l t a r e i n d i c a t e d be low ; 
a n d he r ep re sen t ed t h e s p . gr . , Z), a t 0°/4° b e ­
t w e e n 930° a n d 1595° b y JD=3-673-0-0009275, 
(0—93O)+O-O6337(0—930)2. T h e sp . gr. a t 917° 
w a s 3-685 ; a t 1128°, 3-502 ; a n d a t 1330°, 3-356. 
W . He rz ? a n d R . L o r e n z a n d W . H e r z m a d e some 
o b s e r v a t i o n s o n t h i s sub jec t . T h e s p . gr. , JD, of 
a q . soln. of t h e d i h y d r a t e w i t h t h e following 

a t p e r c e n t a g e p r o p o r t i o n of N a 2 W O 4 , were m e a s u r e d 
b y B . v o n P a w l e w s k y , w h o found : 

AkgAtoG, 

F I G . 3 2 . — T h e Ternary S y s t e m 
N a 2 S O 4 - N a 2 M o O 4 - N a 2 W O 4 
different Temperatures . 

N a 2 W O 4 
j-. j 20 0 /20° 
** \ 20 0 /4° 

2-21 e-25 
1-02016 1 0 5 8 3 1 
1-01837 1 0 5 6 4 1 

1 0 0 8 14-44 
1 0 9 6 8 7 1-14392 
1*09486 1-14177 

20-59 
1-2172O 
1-21483 

25-46 
1-28143 
1-27887 

32-68 
1-38826 
1-38539 

38-43 
1-48595 
1-48279 

O b s e r v a t i o n s were also m a d e b y I . T r a u b e , a n d B . F r a n z . I . T r a u b e found t h e 
d r o p - w e i g h t of t h e m o l t e n sa l t t o b e 259 referred t o w a t e r 100 a t 0° . F . M. J a g e r 
g a v e t h e fol lowing v a l u e s for t h e s p . gr. JD, t h e specific c o h e s i o n , a 2 m g r m . p e r m m . ; 
the surface tension o- dynes per cm. ; and the surface energy, x e*gs per sq. cm. of 
t h e m o l t e n sa l t : 

JP2 . 
a 
«7 

X 

710° 
3-893 

10-65 
. 203-3 
. 3632 

788° 
3-812 

10-60 
198-2 
3591 

1038-5° 
3-576 

10-34 
181-4 
3430 

1181-4° 
3-461 

1 0 1 5 
172-4 
3332 

1231-5° 
3-424 

1 0 0 0 
1 6 8 0 
327O 

1331-5° 
3*355 
9-76 

160-6 
3168 

1450° 
3-282 
9-44 

1 5 2 0 
3043 

1595° 
3-208 
9 0 2 

142-6 
2899 

H . L o r e n z a n d W . H e r z d i scovered s o m e re l a t ions of t h e surface t ens ion . J . J . Cole­
m a n found t h a t t h e d i f fus ion of 28 , 25 , a n d 17 pe r cen t , of n o r m a l soln. of s o d i u m 
m o l y b d a t e , c h r o m a t e , a n d t u n g s t a t e r e spec t ive ly occur red in 30 d a y s a t 12-5°. 
H . Schulz a n d G. J a n d e r o b s e r v e d t h a t t h e diffusion coeff. of t h e t u n g s t a t e ion i n 
a q . soln. of s o d i u m t u n g s t a t e decreases cons ide rab ly w i t h inc reas ing a c i d i t y of t h e 
soln. , w h i c h is p r o b a b l y d u e t o a n inc rease i n c o m p l e x i t y of t h e ions acco rd ing t o 
s o m e such s c h e m e as 7 W 0 4 " + 8 H ^ W ( W 0 4 ) 6 ' ' ' ' ' ' + 4 H 2 0 . I n soln. 01N i n r e spec t 
of a m i n e r a l a c id a n d c o n t a i n i n g n e u t r a l sa l t s , t h e degree of a g g r e g a t i o n of t h e 
t u n g s t a t e ion is 5 t o 7 t i m e s t h a t of t h e i o n i n a lka l ine soln. I n soln. w h i c h c o n t a i n 
n o n e u t r a l sa l t s , b u t a r e 0- IiV" i n r e s p e c t of a m i n e r a l ac id a n d h a v e b e e n boi led , t h e 
degree of agg rega t ion is 9 t o 1 1 . G. T a m m a n n f o u n d t h e v a p o u r pressure of soln . 
•with 19-62, 56-06, a n d 111-13 g r m s . of s o d i u m t u n g s t a t e in 100 g r m s . of w a t e r a t 
100° w a s 24*6, 85*3, a n d 197-1 m m . less t h a n t h e v a l u e for w a t e r a lone . E . F . A n t h o n , 
a n d V . F o r c h e r obse rved t h a t t h e sa l t m e l t s a t a r e d - h e a t , fo rming a c lear l i qu id 
w h i c h , o n cool ing, solidifies t o a c rys ta l l ine m a s s . K . H i i t t n e r a n d G. T a m m a n n , 
H . E . B o e k e , a n d N . P a r r a v a n o g a v e 698° for t h e m e l t i n g po int of s o d i u m t u n g s t a t e ; 
H . S. v a n ELlooster, 700° * F . H o e r m a n n , a n d J . A . !M. v a n L i e m p t , 705° \ a n d 
H . S. v a n K l o o s t e r a n d H . C. G e r m s , 694° . E . F . S m i t h g a v e for t h e m . p . of 
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N a 2 C W O 3 , 665° ; 5 N a 2 0 . 1 2 W O 8 , 705-8° ; 4 N a 2 O - I O W O 3 , 680-8° ; 9 N a 2 0 . 2 2 W 0 8 , 
683-3° ; a n d N a 2 0 . 4 W O 3 , 706° . N . P a r r a v a n o m e a s u r e d t h e f.p. c u r v e of m i x t u r e s 
of s o d i u m t u n g s t a t e a n d t u n g s t e n t r iox ide , so far a s t h e so lub i l i ty of t h e t r i ox ide 
a l l ows—namely , N a 2 O : W O 3 = I : 2-5 ; accord ing t o J . A . M. v a n Liiempt, a n d 
N . P a r r a v a n o , t r ans fo rma t ions—v ide supra—occur 
a t 588°, a n d 564° . T h e m . p . of s o d i u m t u n g ­
s t a t e falls s t ead i ly w i t h inc reas ing add i t i ons of 
t u n g s t e n t r i ox ide u n t i l i t r eaches t h e eu tec t i c a t 626°. 
I t t h e n rises t o a m a x i m u m a t 731°, co r re spond ing 
w i t h t h e p y r o t u n g s t a t e N a 2 W 2 O 7 . F r o m 626° t o 

SOO' 

#00* \ —4-

700z 

600^ 

SOO0Y 

400" 40 60 $0 
AfolaLrper ce/?t. WO3 

/00 

F I G . 33 .—Equi l ibr ium Curves of 
Mixtures of S o d i u m T u n g s t a t e 
and. T u n g s t e n Trioxide . 

588°, t h e m i x t u r e s a r e c o m p o s e d of 0 , -Na 2 WO 4 a n d 
N a 2 W 2 O 7 ; f rom 588° t o 564° , t h e y a r e c o m p o s e d 
of / 3 -Na 2 WO 4 a n d N a 2 W 2 O 7 ; a n d be low 564°, of 
m i x t u r e s of y - N a 2 W 0 4 a n d N a 2 W 2 O 7 . T h e s u b ­
s e q u e n t course of t h e c u r v e ind ica t e s t h e possible 
ex i s tence of N a 2 W 5 O 1 6 , b u t exc ludes t h e t r i t u n g -
s t a t e N a 2 W 3 O 1 0 . T h e r e su l t s of Y. H o e r m a n n a re 
s u m m a r i z e d in F i g . 3 3 . J . A. M. v a n I a e m p t g a v e 
738° for t h e m . p . of s o d i u m d i t u n g s t a t e , a n d 628° 
for t h e eu tec t i c w i t h n o r m a l t u n g s t a t e ; h e also 
n o t e d t h e lower ing of t h e t r a n s i t i o n t e m p , of s o d i u m t u n g s t a t e b y t u n g s t e n 
t r i ox ide . E . Wege l in f o u n d t h a t 0-5196 g r m . of t h e d i h y d r a t e in 20 c.c. of w a t e r 
lowered t h e f.p. of w a t e r a t 0-3°. Th i s c o r r e s p o n d s w i t h a m o l . w t . of 112*3. 
O t h e r d e t e r m i n a t i o n s gave a n a l o g o u s resu l t s . T h e theo re t i ca l m o l . w t . for 
N a 2 W O 4 is 294-1 , hence t h e sa l t in a q . soln. p r o b a b l y furnishes t h r e e ions . 
W . G. Mix t e r g a v e for t h e h e a t of f o r m a t i o n w i t h p o w d e r e d t u n g s t e n : W + 3 N a 2 0 2 
===Na 2 W0 4 -+ -2Na 2 0+231-2 C a I s . ; W + N a 2 0 + 3 0 = N a 2 W 0 4 - f - 2 9 1 CaIs . ; a n d 
W 0 3 4 - N a o O — N a 2 W 0 4 + 9 4 - l CaIs. ; a n d L.. P i s sa r j ewsky gave JL>W0 4 aq . 
+ 2 N a O H a q . = N a 2 W 0 4 a q . + H 2 0 + 13-694 CaIs. A . H a r e g a v e 9-51 Cals.~per m o l 
for t h e ene rgy of t h e t r a n s f o r m a t i o n a t 579°. 

B . v o n P a w l e w s k y found t h e index of refract ion , yuy of soln. , a t 20°, w i t h t h e 
following p e r c e n t a g e p r o p o r t i o n s of s o d i u m t u n g s t a t e , t o b e : 

2Ca2WO4 2-21 
1-33586 

6*25 
1-34065 

1 0 0 8 
1-34516 

14-44 
1-35064 

20-59 
1-35933 

25-46 
1-36648 

32-68 
1-37306 

38-43 
1-38890 

H . Schulz a n d G. J a n d e r found t h a t w i t h inc reas ing ac id i ty , t h e op t ica l a b s o r p t i o n 
l im i t of t h e soln. m o v e s t o w a r d s t h e region of longer wave - l eng ths . T h i s is t a k e n t o 
i nd i ca t e a n a g g r e g a t i o n of t h e an ions . O. H . W a g n e r found for t h e i n d e x of refrac­
t i on , /JL9 of t h e m o l t e n sa l t for w a v e - l e n g t h s A a t d° : juu—a—b{6—750), so t h a t 

A 
Ct 
b 

. 0-670 
1-574 

. 000021 

0-610 
1-580 
0-00024 

0-589 
1-588 
O-00026 

0-579 
1-589 
000021 

O 546 
1-595 
000020 

0-436 
1-615 
OOOOll 

or ^=-=2-6531+1-0562A/{A^—(1-777)2}. F o r t h e luminescence in X - r a y s , vide infra, 
ca l c ium t u n g s t a t e . P . K r i s h n a m u r t i e x a m i n e d t h e R a m a n effect. 

P . W a l d e n , J . E l t z b a c h e r , a n d H . G r o s s m a n n a n d H . K r a m e r m e a s u r e d t h e 
electr ical conduct iv i ty of soln. of s o d i u m t u n g s t a t e ; a n d C. W a t k i n s a n d H . C. J o n e s 
g a v e for t h e c o n d u c t i v i t y , /JL m h o s , of soln. w i t h a mo l of t h e sa l t in v l i t res of w a t e r : 

0° 
15° 
25° 
35° 

4 
63-5 
107 

8 
74-4 
120 
151 
183 

16 
88-2 
135 
169 
206 

32 
93-3 
143 
18O 
219 

128 
105 
162 
203 
249 

512 
114 
175 
221 
271 

1024 
116 
178 
225 
272 

W . V. B h a g w a t a n d 1ST. R . D h a r g a v e for t h e eq . c o n d u c t i v i t y , A, of a soln. w i th a mol 
of t h e sa l t in v l i t res a t 21° : 

A 
8 

77-6 
16 

82-9 
32 
87-3 

64 
91-3 

128 
95-3 

266 
99*1 

512 
101-3 

1024 
103-9 
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so that/Lt1024—A*32=16-6 ; a n d P . W a l d e n g a v e /X1024—/X32 ==21-5. F . M. J a g e r a n d 
B . K a p m a r ep re sen t ed t h e mol . c o n d u c t i v i t y of t h e fused sa l t a t 9° b e t w e e n 750° a n d 
501° b y /u ,=83-50+0-185(#—750) ; a n d t h e res i s t ance , R o h m s , a n d s p . gr . D9 a r e : 

752-5° 958° 1066° 3 209° 1361-5° 1412° 1601° 
I> . 3-843 3-648 3*554 3-443 3-339 3-308 3-258 
Ii . 0 1 7 0 6 0 1 1 9 4 0 0 9 9 6 0 0 8 0 4 0 0 7 0 2 0-065O 0 0 6 2 8 

T h e sub jec t was d iscussed b y W . B i l t z a n d W . K l e m m . G. Gore o b t a i n e d b l a c k 
m a t t e r a t t h e c a t h o d e d u r i n g t h e e l e c t r o l y s i s of fused s o d i u m t u n g s t a t e , a n d a 
gas w a s g iven off a t t h e a n o d e . E . Schaefer , a n d M. K r o g e r o b t a i n e d col loidal 
t u n g s t i c ac id (q.v.) b y t h e e lec t ro lys is of soln. of s o d i u m t u n g s t a t e ; a n d A. L o t t e r -
moser o b t a i n e d p a r a t u n g s t a t e a n d o t h e r c o m p l e x t u n g s t a t e s . P . B u r c k h a r d f o u n d 
t h a t t h e m o l t e n sa l t c o n d u c t s t h e e lectr ic c u r r e n t , fo rming o x y g e n a t t h e a n o d e , 
a n d a t t h e c a t h o d e , a m a s s of t u n g s t e n h e m i p e n t o x i d e — v i d e supra, t h e e x t r a c t i o n 
of t u n g s t e n . Acco rd ing t o E . E . S m i t h , n e u t r a l soln. of t h e t u n g s t a t e s a r e n o t 
affected b y t h e electr ic c u r r e n t , b u t J . E l t z b a c h e r , E . Schaefer , a n d E . E . S m i t h 
m a d e o b s e r v a t i o n s on t h e electrolysis of acidified soln. of s o d i u m t u n g s t a t e , a n d 
found t h a t t u n g s t i c ac id , a t t h e c a t h o d e , is r e d u c e d t o t h e b l u e o x i d e . R . G. Wel l s 
sa id t h a t t h e c o n d u c t i v i t y of t h e a q . soln. does n o t c h a n g e w i t h t i m e . 

E . W o h l e r sa id t h a t t h e sa l t is n o t d e c o m p o s e d w h e n i t is h e a t e d in h y d r o g e n ; 
a n d E . B o u c h h a u s s t u d i e d t h e r e a c t i o n . V . Sp i t z in obse rved t h a t n e u t r a l 
s o d i u m t u n g s t a t e is r e d u c e d b y h y d r o g e n a t 900° i n a cco rd w i t h N a 2 W O 4 
- } - 4 H 2 = 2 N a - | - W - } - 4 H 2 0 ; a n d J . A. M. v a n L i e m p t sa id t h a t t h e r e d u c t i o n 
a t 1100° p r o c e e d s : N a 2 W 0 4 + 3 H 2 = W + 2 N a O H + 2 H 2 0 . R . E u n k sa id t h a t 
t h e d i h y d r a t e is s t ab l e i n a i r , b u t V . E o r c h e r obse rved t h a t efflorescence occurs 
in d r y air . Accord ing t o Ju. N . V a u q u e l i n a n d L . H e c h t , 1OO p a r t s of w a t e r 
dissolve 25 p a r t s of t h e sa l t in t h e cold, a n d 50 p a r t s w h e n boi l ing ; a n d 
E . E . A n t h o n gave , respec t ive ly , 100 a n d 200- A. H iche r e p o r t e d t h a t IOO p a r t s of 
w a t e r dissolve 40-98 p a r t s of sa l t a t 0° ; 55*25 p a r t s a t 15° ; a n d 123-4 j>arts a t t h e 
b . p . ; a n d H . E u n k , t h a t 100 p a r t s of w a t e r d issolve 90-09 p a r t s of sa l t a t 21°, a n d 
123*4 a t t h e b .p .—v ide supra. E . E . Ajnthon sa id t h a t t h e soln. h a s a b i t t e r , r o u g h , 
sal ine t a s t e , a n d a n a lka l ine r eac t i on . B . Ke l lne r o b s e r v e d t h a t t h e sa l t d issolves 
m o r e easily in h y d r o g e n d i o x i d e t h a n i t does in w a te r , a n d t h e soln. is yel low, a n d 
r e a c t s ac id . W . K . v a n H a a g e n a n d E . E . S m i t h f o u n d t h a t t h e h e a t e d t u n g s t a t e is 
a t t a c k e d w i t h difficulty b y h y d r o g e n fluoride. V . I . Sp i t s in a n d L . Kasch tanof f 
sa id t h a t w i t h h y d r o g e n Chlor ide , vo la t i l e t u n g s t e n d ioxyd ich lo r ide a n d s o d i u m 
chlor ide a r e fo rmed . Acco rd ing t o A. R i che , a n d E . Z e t t n o w , a soln. of t h e s a l t is 
d e c o m p o s e d b y s t r o n g a c i d s a s well a s b y bor ic , s u l p h u r o u s , ca rbon ic , oxal ic , a n d 
ace t ic ac ids , a n d , a d d e d V. Eorche r , b y c a r b o n d iox ide . T h e a c t i o n of p h o s p h o r i c 
ac id h a s b e e n d iscussed b y C. Scheibler , J . Lefor t , e tc .—vide infra, p h o s p h o t u n g -
s t a t e s — H . R o s e sa id t h a t w i t h a soln. of a t u n g s t a t e , p h o s p h o r i c ac id g ives a w h i t e 
p r ec ip i t a t e , so luble in excess ; a n d E . Z e t t n o w a d d e d t h a t t h e n o r m a l a lkal i t u n g ­
s t a t e s d o n o t p r e c i p i t a t e o r t h o p h o s p h o r i c ac id , a n d b y q u i c k l y t r a n s f o r m i n g t h a t 
ac id i n t o m e t a p h o s p h o r i c ac id , h i n d e r t h e p r e c i p i t a t i o n of t u n g s t i c ac id b y o t h e r 
ac ids . E . J . E a c t o r found t h a t w h e n t h e soln. is w a r m e d w i t h s o d i u m t h i o s u l p h a t e , 
a m i x t u r e of t u n g s t e n d iox ide , t r i ox ide , a n d t h e lower ox ides is p r e c i p i t a t e d ; a n d 
a l k a l i s u l p h i t e s give n o b l u e co lo ra t ion w i t h t h e h o t soln . , b u t if a l i t t l e h y d r o c h l o r i c 
a c id b e p r e sen t , a feeble b l u e colour m a y a p p e a r . A . R o s e n h e i m o b s e r v e d t h a t t h e 
t u n g s t a t e s s eem t o f o r m u n s t a b l e c o m p l e x sa l t s w h e n t r e a t e d -with s u l p h u r d iox ide . 
E . B o u r i o n sa id t h a t ch lor ine m i x e d w i t h t h e v a p o u r of su lphur dichlor ide d r i v e s 
o u t all t h e t u n g s t e n a s vo la t i l e ch lor ide f rom s o d i u m t u n g s t a t e a t 180° -450° . 
W . I . B a r a g i o l a s h o w e d t h a t w h e n a soln. of s o d i u m t u n g s t a t e is t r e a t e d w i t h 
a m m o n i u m chlor ide , v a r i o u s ac id t u n g s t a t e s a r e f o r m e d — n a m e l y , 3 ( N H 4 J 2 O . 
2 N a 2 0 . 1 5 W 0 9 . 2 5 H 2 0 ; 4 ( N H 4 ) 2 0 . 2 N a 2 0 . 1 5 W 0 3 . 2 l H 2 0 ; a n d 6 ( N H 4 J 2 0 . 2 N a 2 O . 
2 0 W O 3 . 2 4 H 2 O . F . Woh le r , a n d E . F . A n t h o n s u p p o s e d t h a t a m m o n i u m sa l t s w i t h 
cone . soln. of s o d i u m t u n g s t a t e g ive t h e a m m o n i u m sal t , b u t A . L a u r e n t , a n d 
W . L o t z sa id t h a t a d o u b l e s a l t is p r o d u c e d — v i d e infra. H . T r a u b e o b t a i n e d 
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t r igona l , b i p y r a m i d a l c rys t a l s of p r o b a b l y a n i somorphous m i x t u r e l i t h i u m s o d i u m 
1 : 3 - t u n g r s t a t e , LI i 2 WO 4 -SNa 2 WO 4 . 12H 2 O, f rom a soln. of equ imola r p r o p o r t i o n s of 
t h e t w o sa l t s . T h e ax ia l r a t i o s a r e a : c = l : 0-8947, 
a n d a = 1 0 0 ° 34 ' . T h e op t i ca l c h a r a c t e r is nega­
t i v e . Li. K a h l e n b e r g a n d W . J . T r a u t m a n n found 
t h a t s o d i u m t u n g s t a t e r e a c t s w i t h silicon w i t h 
difficulty, f o rming n o free m e t a l or silicide. 
H . S. v a n K l o o s t e r e x a m i n e d fused m i x t u r e s of 
s o d i u m me ta s i l i c a t e a n d t u n g s t a t e . T h e t w o sa l t s 
a r e p r ac t i ca l l y immisc ib le i n t h e l iqu id s t a t e , a n d 
q u i t e immisc ib le i n t h e solid cond i t i on . T h e frag­
m e n t of t h e equ i l i b r i um d i a g r a m w h i c h w a s ex­
p lo red is s h o w n in F i g . 34 . J . A. M. v a n L i e m p t 
e x a m i n e d t h e s p . gr . , D9 t h e v iscos i ty , 07, a n d t h e 
sp . e lect r ical c o n d u c t i v i t y , K9 of soln. of m i x t u r e s 
of s o d i u m or thos i l ica te , Na 4 SiO 4 , a n d sod ium t u n g ­
s t a t e , N a 2 W O 4 , a n d found t h a t t h e cu rves show no m a x i m a or m i n i m a a t 30° 
resu l t s were : 
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F i a . 34 .—Equi l ibr ium 
of the S y s t e m : 

N a 2 W O 4 - N a 2 S i O 3 

D i a g r a m 

T h e 

N a 2 W O 4 
JJ 
V 
JC 

. 0 

. 1 1 9 3 

. 2-888 

. 0 1 5 1 7 

2 
1-206 
2-579 
0-1317 

4 
1-218 
2-389 
0 1 2 4 1 

6 
1-230 
2 0 6 2 
0-1154 

8 
1-242 
1-881 
O-1057 

10 vo l . per cent 
1-225 
1-671 
0 091O 

T h e ac t i on of m a n y r e a g e n t s on a q . so ln . h a s been d iscussed in connec t ion w i t h t h e 
a n a l y t i c a l r e a c t i o n s of t u n g s t e n . P . Hau te feu i l l e a n d A. P e r r e y , a n d H . Cor im-
boeuf d i scussed i t s use as un agent mineralisateur—6. 40, 17 a n d 22—in t h e syn thes i s 
of s i l icate mine ra l s , a n d i n t h e conve r s ion of s i l i ca . H . S. v a n K loos t e r found t h a t 
s o d i u m t u n g s t a t e a n d s o d i u m si l icate , ISTa2SiO3, a r e p r ac t i c a l l y immisc ib le below 
1100° ; a n d t h e y a r e c o m p l e t e l y immisc ib le in t h e c rys ta l l ine s t a t e . A. R iche , a n d 
V. F o r c h e r f o u n d t h a t a lcohol p r e c i p i t a t e s c r y s t a l s of t h e sa l t f rom i t s a q . soln. , a n d 
t h a t t h e s a l t is inso luble in a l c o h o l . O. Maschke showed t h a t s t r o n g l y a lka l ine soln. 
a r e co loured b lue b y organ ic c o m p o u n d s owing t o r e d u c t i o n ; a n d R . E . L iesegang 
f o u n d t h a t a m i x t u r e of s o d i u m t u n g s t a t e w i t h a soln. of c i t r ic ac id is sens i t ive t o 
l igh t , a n d o n i so la t ion , acqu i r e s a b lue colour . - T h e co lora t ion is n o t p r o d u c e d b y 
s o d i u m t u n g s t a t e a lone n o r in t h e p r e sence of ace t i c ac id , s o d i u m oxa l a t e , s t a n n o u s 
chlor ide , or a m m o n i u m t h i o c y a n a t e . Acco rd ing t o J . H . !Long, t h e op t ica l r o t a t i o n 
of a soln. of p o t a s s i u m a n t i m o n y l t a r t r a t e is r a i sed b y t h e a d d i t i o n of s o d i u m 
t u n g s t a t e , v e r y l i t t l e t u n g s t i c ac id is p r e c i p i t a t e d . D . Gernez also obse rved t h a t t h e 
op t i ca l a c t i v i t y of severa l o rgan ic s u b s t a n c e s is r a i sed b y s o d i u m t u n g s t a t e , itself 
op t i ca l ly i n a c t i v e . A. V. D u m a n s k y a n d S. I . D i a t s c h k o v s k y obse rved i t s a c t i o n 
o n t h e a c t i v i t y of t a r t a r i c ac id . J . !Lefort s t u d i e d t h e a c t i o n of qu in ine o n n o r m a l 
a lka l i t u n g s t a t e . C N . F e n n e r , a n d C. J . v a n N i e u w e n b u r g a n d C. N . Gr. d e Nooi jer 
d i scussed i t s c a t a l y t i c a c t i o n o n t h e t r a n s f o r m a t i o n s of sil ica (q.v*). F . M a u r o a n d 
!R. R . P a n e b i a n c o d iscussed t h e r e d u c t i o n of t u n g s t i c ac id or t u n g s t a t e s in h y d r o ­
fluoric ac id soln. b y m e t a l s . E . H o e r m a n n ' s obse rva t ions , F ig . 28 , s h o w t h a t a 
c o m p o u n d l i t h i u m s o d i u m tungs ta te , L i 2 W O 4 - S N a 2 W O 4 , is f o rmed wi th a n incon-
g r u e n t m . p . of 511° . 

E . F . A n t h o n p r e p a r e d a n h y d r o u s p o t a s s i u m tungs ta te , K 2 W O 4 , b y crysta l l iza­
t i o n f rom a fi l tered soln . of t u n g s t i c ac id i n soln. of p o t a s s i u m h y d r o x i d e or c a r b o n a t e . 
J . C. G-. de M a r i g n a c sa id t h a t t h e a n h y d r o u s s a l t is a l w a y s o b t a i n e d w h e n t h e h o t , 
s a t . soln. is cooled, o r e v a p o r a t e d h o t . F . Ul l ik a d d e d t h a t if t h e alkal i- lye con ta ins 
sod ium, a m i x e d s o d i u m p o t a s s i u m t u n g s t a t e is fo rmed . E . F . A n t h o n , E . Ze t t now, 
a n d F . Ul l ik m e l t e d e q u i m o l a r p r o p o r t i o n s of p o t a s s i u m c a r b o n a t e a n d t u n g s t e n 
t r i ox ide a t a r e d - h e a t . T h e m a s s on cooling d i s in t eg ra t e s t o a powder , i nd ica t ing 
t h a t p o l y m o r p h i c t r a n s f o r m a t i o n s a r e i nvo lved . J . C. G. de Mar ignac found t h a t 
if t h e a q . soln. b e e v a p o r a t e d over su lphur i c ac id , below 10°, monocl in ic p r i sms a n d 
p l a t e s of t h e d i h y d r a t e , K2WO4.2H2O, a r e fo rmed ; t h e y h a v e t h e ax ia l r a t i o s 
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a : b : c = 0 - 9 9 9 8 : 1 : 0-7830, and / 8 = 1 1 0 ° 57' ; and they effloresce in dry air particu­
larly if warmed, and deliquesce rapidly in moist air. A. Riche reported a mono-
hydrate, K 2 WO 4 -H 2 O, but lie probably mistook a partially effloresced dihydrate for 
the monohydrate . E . E . Anthon's hexagonal pentahydrate, K 2 W O 4 . 5 H 2 O , was , 
according to F . Ullik, a mixed sodium potass ium tungstate . A s s tated b y S. Sura-
wicz, the assumption of water produces no change in the crystal sys tem, for 
J. C. Gr. de Marignac showed tha t the acicular crystals of the anhydrous salt are 
monoclinic prisms with the axial ratios a : b : c—1-9702 : 1 : 1-2341, and j 8 = 1 1 3 ° 15'. 
Twinning occurs about the (OOl)-plane. J , W. Retgers found t h a t the crystals are 
isomorphous with those of potass ium sulphate, selenate, and molybdate . J. W. R e t ­
gers found that t w o kinds of crystals are formed during the evaporation of aq. soln. 
—(i) slender needles which exhibit feeble polarization, and are coloured green b y 
potassium manganate with which they are isomorphous ; and (ii) prisms which 
exhibit strong polarization and are not coloured b y potass ium manganate . 
J. W. Retgers considered tha t the first kind of crystals are rhombic and are pseudo-
hexagonal ; and the second kind are probably monoclinic. I t is not improbable 
that anhydrous and dihydrated crystals are here in question. F . M. Jager found 
the sp. gr. of the molten salt a t 0o /4°, between 925° and 1520-3°, to be best repre­
sented by Z>=3-113—0-00082(0—1000)+0-O 6162(0—1000)2—vide infra for data . 
F. M. Jager and J. K a h n , and W. Herz made observations on this subject. I . Traube 
found the sp. gr. of soln. wi th 2-42, 6-57, 8-72, and 16-19 per cent, of the salt to be 
respectively 1-0202, 1 0 5 7 5 , 1-0781, and 1-1518, at 15°. I. Traube found the drop-
weight of the molten salt at i ts m.p. to be 170 when tha t of water at 0° is 100. 
F . M. Jager found the sp. gr., JD, referred to water at 4°, the specific cohesion, a2 

mgrm. per m m . ; the surface tension, cr dynes per cm. ; and the surface energy, 
X ergs per sq. cm. , of the molten salt to be : 

9 2 5 - 0 ° 
1 0 - 3 4 

1 6 1 0 
3 5 3 1 

1 0 5 1 - 5 ° 
9 - 6 0 

1 4 5 - 9 
3 2 7 5 

1 1 8 3 - 2 ° 
9*21 

1 3 4 - 1 
3 0 7 6 

1 2 8 4 0 ° 
8 -78 

1 2 4 - 6 
2 9 0 8 

1 4 0 8 - 5 ° 
8 -30 

1 1 4 - 3 
2 7 2 3 

1 5 2 0 - 3 ° 
7 -89 

1 0 5 - 6 
2 5 6 0 

R. Lorenz and W. Herz discussed some relations of the surface tension. O. Tam-
mann found the vapour pressure of soln. 19-71, 51-63, 81-77, and 156-52 grms. of the 

normal salt in 100 grms. of water a t 100° to be 
respectively 17-6, 52-0, 96-9, and 215-4 m m . below 
that of water at 100°. F . Ullik, and J. C. G. de 
Marignac observed t h a t when the salt is heated, 
there is a v io lent decrepitation at tended b y the 
loss of 0-25 to 0-50 per cent, of included water ; 
the salt readily fuses at a red-heat wi thout suffer­
ing any further loss. As indicated above , the 
shattering of the cooling solid indicates a trans­
formation from one form t o another. K. Hut tner 
and G. T a m m a n n observed a transformation on 
the cooling curve occurs between 200° and 300° ; 
and M. Amadori gave 575°, F . Hoermann, 338° ; 

F l 0 t h 3 e 5 S ~ s ^ e n t ^ i r K " ^ - W O 6 ° f w h i l e H * S - v a n K l o o s t e r obtained 388° on the ys em 2 4 3. heating curve. K. Huttner and G. T a m m a n n gave 
926° for the m.p. ; J . A. M. v a n Liemptj 926° in one case and 933° in another \ 
M. Amadori , 894° ; F . Hoermann, 921° ; and H . S. v a n Klooster, 921°. J . A . M. v a n 
I/ iempt found t h a t potass ium tungstate is not reduced b y hydrogen a t 1100°, but i t 
volatil izes unchanged. For the luminescence in X-rays , vide infra, calcium tungstate . 
J. A. M. v a n Iaempt measured the f.p. of mixtures of potass ium tungsta te and 
tungsten trioxide so far as the solubility of the trioxide a l lows—namely K 2 O : W O 8 
= 1 : 2-5WO3 . There is a eutectic a t 584° wi th 5 0 per cent. WO 8 . F . Hoermann9B 
results are shown in Fig . 35 . J . A. M. v a n L iempt found t h a t w i th the s y s t e m 
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I i I 2 W O 4 - K 2 W O 4 , t h e r e is f o r m e d a c o m p o u n d l i t h i u m p o t a s s i u m t u n g s t a t e , 
L i 2 W O 4 - K 2 W O 4 , m e l t i n g a t 632° , F i g . 36 . I t g ives a s imple e u t e c t i c w i t h 7O pe r 
c e n t , of l i t h i u m t u n g s t a t e a t 579° , a n d w i t h 40 p e r c e n t , l i t h i u m t u n g s t a t e a t 607° . 
J . A . M. v a n L i e m p t ' s c u r v e for m i x t u r e s of s o d i u m a n d p o t a s s i u m t u n g s t a t e s is 
s h o w n in F i g . 37 . T h e r e is a m i n i m u m in t h e c u r v e w i t h 20 pe r cen t , of t h e p o t a s ­
s i u m sa l t . A c c o r d i n g t o M. A m a d o r i , t h e f .p. c u r v e of t h e b i n a r y s y s t e m 
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F i o . 36. Freez ing-point Curve of t h e 
S y s t e m ; L i 2 W O 4 - I C 2 W O 4 . 
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F i o . 37. Freez ing-point Curve of t h e 
S y s t e m : N a 2 W O 4 - K 2 W O 4 . 

K 2 S O 4 - K 2 W O 4 , F i g . 38, is c o n t i n u o u s w i t h a s l igh t m i n i m u m 10° be low t h e m . p -
of t h e t u n g s t a t e . T h e t r a n s f o r m a t i o n p o i n t of t h e t u n g s t a t e is n o t v is ible w i t h 
m i x t u r e s c o n t a i n i n g o v e r 15 m o l a r p e r c e n t , of s u l p h a t e . T h e t r a n s f o r m a t i o n of t h e 
s u l p h a t e follows a c u r v e de scend ing t o 482° for m i x t u r e s c o n t a i n i n g 50 m o l a r p e r 
c e n t , be low w h i c h p o i n t i t c a n n o longer b e fol lowed. T h e f .p. c u r v e is a lso con­
t i n u o u s in t h e s y s t e m K 2 C r O 4 - K 2 W O 4 , F i g . 39 , a n d i t is i n t e r m e d i a t e b e t w e e n t h e 
m . p . of t h e t w o sa l t s . T h e t r a n s f o r m a t i o n p o i n t s follow cu rves r is ing t o t h e 
t r a n s f o r m a t i o n p o i n t s of t h e sa l t s a b o v e , b u t we re n o t d e t e c t e d w i t h m i x t u r e s 
c o n t a i n i n g b e t w e e n 15 a n d 40 p e r cen t , of c h r o m a t e . T h e c u r v e in t h e s y s t e m 
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FiQ. 38 , 39 , and 40 . Freez ing-point Curve of B inary Mixtures of P o t a s s i u m Tungs ta te 
w i t h Potassium. Su lphate , Chromate a n d Molybdate . 

K 2 M o O 4 - K 2 W O 4 , F i g . 40 , is a l m o s t a s t r a i g h t l ine b e t w e e n t h e m . p . of t h e t w o sa l t s . 
T h e t r a n s f o r m a t i o n p o i n t c a n b e d e t e c t e d on ly w i t h m i x t u r e s r i ch in one or o t h e r 
c o n s t i t u e n t . E . B l a n c f o u n d t h a t a 0*0162iV-soln. of p o t a s s i u m t u n g s t a t e is h y d r o -
lyzed O'Oll p e r c e n t , a t 25° . J . A . M. v a n L i e m p t f o u n d t h e s p . g r . a n d v iscos i ty 
cu rves of m i x t u r e s of p o t a s s i u m t u n g s t a t e a n d p o t a s s i u m metas i l i ca te , K 2 S i O 3 , 
g a v e s imi lar r e s u l t s t o t h o s e o b t a i n e d w i t h s o d i u m t u n g s t a t e a n d o r thos i l i ca te— 
vide supra. J . A . M. v a n L i e m p t obse rved t h a t wh i l s t s o d i u m t u n g s t a t e is r e d u c e d 
b y h y d r o g e n a t 1100°, t h i s is n o t t h e case w i t h p o t a s s i u m t u n g s t a t e . W . K . v a n 
H a a g e n a n d E . F . S m i t h f o u n d t h a t p o t a s s i u m t u n g s t a t e is a t t a c k e d w i t h difficulty 
b y hydrof luor ic ac id . W . I . Ba rag io l a t r e a t e d soln. of p o t a s s i u m t u n g s t a t e w i t h 
a m m o n i u m chlor ide a n d o b t a i n e d t h e sa l t s 4 { £ ( N H ) 4 . f K ) 2 0 . 1 1 W O 3 - I O H 2 O ; a n d 
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2 ( 1 ( N H 4 ) ^ K ) 2 O - S W O 3 - S H g O . H . T r a u b e o b t a i n e d c rys t a l s of p r o b a b l y a n 
i s o m o r p h o u s m i x t u r e of s o d i u m p o t a s s i u m 2 : 1 - t u n g s t a t e , K 2 W O 4 ^ N a 2 W O 4 . 1 4 H 2 O . 

A l t h o u g h c u p r o u s tungs ta te , C u 2 W O 4 , h a s n o t b e e n p r e p a r e d , H . Schu l t ze 4 

o b t a i n e d w h a t a p p e a r e d t o b e a c u p r o s i c t u n g s t a t e b y m e l t i n g t o g e t h e r a m i x t u r e of 
s o d i u m t u n g s t a t e , c u p r o u s ch lor ide , a n d s o d i u m chlor ide ( 2 : 3 : 4 ) a n d e x t r a c t i n g 
t h e cold m a s s w i t h n i t r i c ac id . T h e r e r e m a i n e d w h i t e , a n d ye l lowish-b rown, 
q u a d r a t i c p r i s m s . E . Z e t t n o w o b t a i n e d a pa l e b rowni sh - r ed , c rys ta l l ine p o w d e r of 
C u 2 W O 4 . 2 C u W O 4 , b y fusing a m i x t u r e of equ imolecu la r p a r t s of c o p p e r s u l p h a t e 
a n d sod ium t u n g s t a t e , a n d l each ing t h e cold p r o d u c t w i t h w a t e r . T h e p r o d u c t w a s 
oxidized b y n i t r i c ac id w i t h t h e e v o l u t i o n of n i t r i c ox ide . 

J . D . W h i t n e y desc r ibed a m i n e r a l f rom L a P a z , California, w h i c h h e cal led 
c u p r o s c h e e l i t e ; M. A d a m ca l led i t c u p r o t u n g s t a t e . I t o c c u r r e d a s a p i s t a ch io -
green, ol ive-green, o r leek-green, g r a n u l a r , c rys ta l l ine m a s s , or i n c rus t s . I t w a s 
r e p o r t e d in t h e c o p p e r m i n e s of Xilamuco, Chili, b y I . D o m e y k o ; i n t h e P o t m i n e , 
S .W. Africa, b y H . T r a u b e ; a n d a t Yeora l , N . S . W . , b y G. W . C a r d . T h e a n a l y s e s 
b y J*. D . W h i t n e y , a n d I . D o m e y k o s h o w t h a t i t is a m i x t u r e of ca l c ium a n d c o p p e r 
t u n g s t a t e s , a n d i t c a n b e r e p r e s e n t e d b y t h e fo rmu la ( C a , C u ) W 0 4 . A c c o r d i n g t o 
Li. Michel , a n d F . F o u q u e a n d A. Miche l -Levy , t h e m i n e r a l c a n b e s y n t h e s i z e d b y 
m e l t i n g t o g e t h e r a m i x t u r e of cupr i c ch lor ide a n d s o d i u m t u n g s t a t e w i t h a n excess 
of s o d i u m chlor ide . Af te r w a s h i n g t h e cold p r o d u c t w i t h w a t e r , t h e r e r e m a i n pa l e 
g reen p r i s m s a n d o c t a h e d r a , w h i c h po la r ize l i gh t s t r ong ly . 

G. T a m m a n n obse rved t h a t w h e n a m i x t u r e of e q u i m o l e c u l a r p r o p o r t i o n s of 
cup r i c ox ide a n d t u n g s t e n t r i o x i d e is h e a t e d , t h e f o r m a t i o n of c o p p e r t u n g s t a t e , 
C u W O 4 , p roceeds a c t i v e l y b e t w e e n 600° a n d 800° . A c c o r d i n g t o E . F . Ajtithon, 
w h e n a cupr i c s a l t is a d d e d t o a soln . of n o r m a l p o t a s s i u m t u n g s t a t e , a l i gh t g reen 
p o w d e r of c o p p e r t u n g s t a t e is p r e c i p i t a t e d . W h e n d r i ed i n air , i t s c o m p o s i t i o n 
co r r e sponds w i t h t h e dihydrate y C u W O 4 . 2 H 2 O . W h e n t h e d i h y d r a t e is h e a t e d , i t 
t u r n s ye l lowish-brown in co lour ; fuses a t a r e d - h e a t ; a n d , o n cool ing, i t solidifies t o 
a chocola te -co loured , c rys ta l l ine m a s s c o n t a i n i n g cav i t i e s w i t h c rys ta l l ine geodes . 
T h e c rys t a l s a re wine-yel low, t r a n s p a r e n t , s ix-s ided p r i s m s . G. T a m m a n n g a v e 
12-1 CaIs. p e r m o l for t h e h e a t of f o r m a t i o n of t h e a n h y d r o u s sa l t , a n d 19-0 CaIs. 
p e r m o l for t h a t of t h e d i h y d r a t e . R . E . L i e segang f o u n d t h a t c o p p e r t u n g s t a t e is 
n o t sens i t ive t o l igh t . F o r t h e l uminescence in X - r a y s , vide infra, c a l c i u m t u n g s t a t e . 
E . F . A n t h o n r e p o r t e d t h a t t h e p r e c i p i t a t e d s a l t before ign i t ion is inso lub le i n w a t e r , 
b u t a f te r c o n t i n u e d wash ing , i t is p e p t i z e d , a n d passes t h r o u g h t h e f i l t e r -paper 
r e n d e r i n g t h e f i l t ra te t u r b i d . Copper t u n g s t a t e d isso lves i n p h o s p h o r i c ac id a n d 
ace t i c ac ids , a n d in a q . a m m o n i a , b u t i t is inso lub le in oxa l ic ac id . H . Schiff f ound 
t h a t t h e soln. of coppe r t u n g s t a t e in a q . a m m o n i a is a co r ros ive l iqu id , wh ich , w h e n 
s lowly e v a p o r a t e d , fo rms a d i r t y b lue , c rys t a l l i ne c r u s t of c o p p e r d i a m m i n o -
t u n g s t a t e , C u W O 4 . 2 N H 3 . H 2 O . Alcohol a d d e d t o t h e a m m o n i a c a l soln . p r e c i p i t a t e s 
t h e sa l t as a n a m o r p h o u s p o w d e r . W h e n d r i e d ove r s u l p h u r i c ac id , t h e s a l t loses 
i t s w a t e r w i t h o u t chang ing i t s fo rm. S. H . C. Br iggs p r e p a r e d c o p p e r t e t r a m m i n o -
t u n g s t a t e , C u W 0 4 . 4 N H 3 , b y p r e c i p i t a t i n g a h o t so ln . of 7-5 g r m s . of c o p p e r s u l p h a t e 
w i t h 10 g r m s . of d i h y d r a t e d s o d i u m t u n g s t a t e , w a s h i n g t h e p r e c i p i t a t e b y d e c a n t a -
t i on , a n d dissolving i t in 20 c.c. of cold, c o n e , a q . a m m o n i a . A s imi la r so ln . w a s 
o b t a i n e d b y t r e a t i n g 13 g r m s . of d i h y d r a t e d s o d i u m t u n g s t a t e w i t h n i t r i c ac id , 
d i sso lv ing t h e w a s h e d t u n g s t i c a c id i n 20 c.c . of c o n e , a q . a m m o n i a a n d a d d i n g i t 
t o a n a m m o n i a c a l soln. of c o p p e r s u l p h a t e . E i t h e r of t h e s e soln . is filtered i n t o a 
b o t t l e , a n d a l a y e r of a lcohol a l lowed t o diffuse s lowly i n t o t h e a m m o n i a c a l so ln . 
d u r i n g s e v e r a l w e e k s whi le t h e b o t t l e is t i g h t l y c losed . T h i s p r e v e n t s t h e e scape 
of a m m o n i a a n d a v o i d s t h e f o r m a t i o n of p a r a t u n g s t a t e . B l u e c r y s t a l s of t h e 
t e t r a m m i n e s lowly depos i t . T h e b l u e c r y s t a l s g ive off a m m o n i a a t o r d i n a r y t e m p . ; 
t h e y d isso lve i n a sma l l p r o p o r t i o n of w a t e r ; a n d a r e eas i ly d i s so lved b y di l . a q . 
a m m o n i a . N o ammonium copper tungstate is f o r m e d h o w e v e r l a r g e a n excess of 
a m m o n i u m t u n g s t a t e is e m p l o y e d . 

F . W o h l e r a n d F . K a u t e n b e r g r e p o r t e d s i lver s u b t u n g s t a t e , A g 4 O ^ W O 3 , t o b e 
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formed b y a m e t h o d similar t o t h a t employed for silver s u b m o l y b d a t e (q.v.) ; b u t 
W . M u t h m a n n showed t h a t in all p robab i l i t y t h e s u b t u n g s t a t e is a m i x t u r e of silver 
a n d n o r m a l s i lver tungstate , A g 2 W O 4 . E . Ze t tnow, a n d E . E . S m i t h a n d 
R . H . B r a d b u r y p r e p a r e d t h e n o r m a l sal t b y t r e a t i n g a soln. of t h e n o r m a l sod ium 
sa l t "with silver n i t r a t e . T h e wh i t e £;>recipitate soon becomes yellow. I t can be 
washed w i t h o u t pep t i za t ion . I t should be p repa red in darkness , a n d dr ied a t 110° 
t o 120°. I t is n o t hygroscopic . I t me l t s below redness t o form a d a r k r ed l iqu id , 
wh ich crystal l izes on cooling. T h e sal t is v e r y spar ingly soluble in w a t e r ; a n d i t 
is decomposed b y n i t r ic acid, a n d b y a h o t soln. of sod ium chloride. T h e sa l t is 
decomposed b y h e a t a n d is n o t a su i tab le form in which t o p rec ip i t a te t u n g s t a t e s 
for ana ly t ica l work . A soln. of t h e n o r m a l sa l t in aq . a m m o n i a , w h e n e v a p o r a t e d 
over a m i x t u r e of qu ick l ime a n d a m m o n i u m chloride, was found b y O. W i d m a n t o 
furnish t a b u l a r c rys ta l s of s i lver t e tramminotungs ta te , A g 2 W O 4 A N H 3 . I t is also 
ob t a ined as a wh i t e powder b y t h e ac t ion of a m m o n i a gas on silver t u n g s t a t e . 
W h e n t h e t e t r a m m i n e is h e a t e d over 60°, all t h e a m m o n i a is expelled. T h e a q . 
soln. decomposes r ap id ly . P . K a y a n d J . D a s g u p t a p r e p a r e d a complex w i t h 
h e x a m e t h y l ene t e t r amine . 

N o r m a l ca l c ium tungstate , CaWO 4 , is r ep resen ted b y t h e minera l scheel i te ; a n d 
th i s p l ayed a n i m p o r t a n t p a r t in t h e h i s to ry of our knowledge of t ungs t en . T h e 
observa t ions of C. W . Scheele,5 J . G. Wal ler ius , A. G. Werner , C. v o n Linnaeus, 
A. Crons ted t , D . L . G. K a r s t e n , R . J . HaUy, A . B r e i t h a u p t , a n d C. C. L e o n h a r d 
h a v e been previous ly descr ibed ; t h e review of t h e occurrence of t u n g s t e n includes 
t h a t of scheeli te . F o r powel l i te , Ca (W,Mo)0 4 , vide ca lc ium m o l y b d a t e . According 
t o F . de Carli , w h e n a m i x t u r e of t u n g s t e n t r i ox ide a n d ca lc ium oxide is hea t ed , 
ev idence of a t h e r m a l effect a p p e a r s a t 245° ; a n d D . Balareff said t h a t t h e m a x i m u m 
rise of t e m p , occurs a t 750°. W . J a n d e r said t h a t t h e r eac t ion wi th ca lc ium carbo­
n a t e begins a t 600°. Accord ing t o G. T a m m a n n , t h e fo rmat ion of ca lc ium t u n g s t a t e 
proceeds ac t ive ly b e t w e e n 580° a n d 950°. W h e n ca lc ium c a r b o n a t e is h e a t e d wi th 
t u n g s t e n t r iox ide , c a r b o n d ioxide comes off a t t e m p , over 510°. E . F . A n t h o n , a n d 
J . Lefor t o b t a i n e d ca lc ium t u n g s t a t e as a p r ec ip i t a t e by mix ing soln. of n o r m a l 
p o t a s s i u m or sod ium t u n g s t a t e w i t h a feebly acidified soln. of ca lc ium chloride. 
A. de Schu l t en h e a t e d in a w a t e r - b a t h soln. of 10 g r m s . of a n h y d r o u s calc ium chloride 
in 3 l i t res of w a t e r a n d 1 c.c. of cone, hydroch lor ic acid, a n d g radua l ly added , d r o p 
b y d rop , a soln. of 3 g r m s . of o r d i n a r y s o d i u m t u n g s t a t e . Crys ta ls of calcium 
t u n g s t a t e g r a d u a l l y collect on t h e b o t t o m of t h e vessel . T h e c rys ta l s a re larger if 
m o r e acid is used, b u t t h e y a re t h e n coloured yellow. L . Weiss a d d e d a soln. of 
ca lc ium chlor ide t o a n a m m o n i a c a l soln. of t ungs t i c acid, a lmos t neu t ra l ized wi th 
acid, so long a s p rec ip i t a t ion o c c u r r e d ; t h e l iquid was t h e n feebly acidified a n d t h e 
p r e c i p i t a t e d ca lc ium t u n g s t a t e washed a n d dr ied . E . K u n a u used a s imilar process. 
N . S. Manross p r e p a r e d t h e sa l t b y me l t ing a m i x t u r e of sod ium t u n g s t a t e a n d 
ca lc ium chlor ide a t a r ed -hea t , a n d e x t r a c t i n g t h e cold p r o d u c t w i th wa te r . 
Li. Michel found t h a t if a n excess of sod ium chlor ide is also used w i th t h e mix tu r e , 
la rger c rys t a l s a re ob t a ined . H . D e b r a y ob t a ined crys ta ls of scheeli te b y hea t ing a 
m i x t u r e of a m o r p h o u s ca lc ium t u n g s t a t e a n d quick l ime in a c u r r e n t of hyd rogen 
chlor ide ; a n d A. Cossa i m i t a t e d t h e c rys ta l s of t h e scheeli te of Traverse l la by 
h e a t i n g u n d e r s o d i u m chlor ide a m i x t u r e of a m o r p h o u s ca lc ium t u n g s t a t e a n d 
a l i t t le d i d y m i u m sa l t . H . T r a u b e ob t a ined t h e c rys ta l s as a sub l ima te hy hea t ing 
t o a h igh t e m p , a m i x t u r e of t h e t u n g s t a t e w i t h sod ium a n d p o t a s s i u m chlorides. 
F . Z a m b o n i n i found t h a t t h e processes of A. Mace, a n d A. D r e v e r m a n n , used for 
t h e syn thes i s of ang les i t e—7. 47, 30—give t h e bes t resu l t s in p repa r ing crys ta ls 
of scheel i te . F o r t h e p r e p a r a t i o n of phosphorescen t ca lc ium t u n g s t a t e , v%de 
infra. Ana lyses were r e p o r t e d b y A. Carnot , 1ST. S. Manross , J . Lefort , A. Roemer , 
M H . K l a p r o t h , R . B r a n d e s a n d C. F . Bucholz , B . Setl ik, C. F . R a m m e l s b e r g , 
F . A. Bernoul l i , G. T. Bowen , F . A. Gen th , I . D o m e y k o , A . Delesse, M. Choubme , 
J J Berzel ius, D . Lov i sa to , C. G. Hoffmann, L,. Colomba, S. Traverso , C. Schmid t , 
W Florence , J . Block, A. Lac ro ix , A. M. F i n d l a y s o n , J . E y e r m a n , B . K . A l m s t r o m , 
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and G. Carobbi. Copper, manganese , iron, and t in oxides m a y be present, as wel l 
as some chlorine and fluorine. According to H . Traube, m o l y b d e n u m is usually-
present in scheelite, and i t replaces part of the tungsten. I n the specimens he 
examined, up t o 8-23 per cent. MoO 3 was observed. The a m o u n t varies w i t h 
crystals from the same localities. Tk^ whi te and yel low variet ies contained least , 
and the dark coloured varieties most . The proportion of m o l y b d e n u m probably 
affects the angles of the crystals . Ja. G. Igelstrom also reported the presence of 
mo lybdenum in scheelite ; A. Carnot found about 0-4 per cent, of tantal ic ox ide 
in scheelite from Meymac, Correze ; and A. Cossa found d idymium, cerium, 
and lanthanum oxides ; the spectra showed strong absorption bands of these 
oxides ; and C. de R o h d e n found the presence of samarium, erbium, terbium, 
europium, n e o d y m i u m , a n d praseodymium salts in scheelite. G. T. Lindroth 
found copper, molybdenum, and bismuth ; G. Carobbi, molybdenum, tan ta lum, 
co lumbium, and the rare earths. Precipitated calcium tungsta te is an amor­
phous whi te powder ; scheelite occurs in white , yel lowish-white , pale yel low, 
brownish-yel low, greenish-yellow, reddish-yellow or orange-yellow granular masses, 
in reniform masses wi th a columnar structure, or in tetragonal, b ipyramidal crystals 
which, according to H . Dauber, have the axial ratio a : c==l : 1-5356 ; H . Traube 
gave 1 : 1-5315 ; H , Dauber, 1 : 1-5329 to 1-5355 ; G. v o m R a t h , 1 : 1-5364 ; 
V. R. v o n Zepharovich, 1 : 1-5349 ; L. Colomba, 1 : 1-53798 ; and F . Zambonini , 
1 : 1-530O. There m a y be pyramidal hemihedrism. The habit m a y be octahedral 
or tabular. There m a y be contact and penetrat ion twinning about the (lOO)-plane. 
The (OOl)-faces m a y be rough, and the ( lOl)-faces striated. The faces of the twins 
m a y show feather-like striations meet ing in a median line. The ( l l l ) - c l e a v a g e is 
mos t dist inct ; the ( lOl)-c leavage is interrupted. E . H u g i studied the corrosion 
figures. The crystals were described b y F . A. Genth, M. Bauer, H . Traube, 
C. F . Rammelsberg, C. Schmidt , G. Fl ink, L. Colomba, J. Block, C. Anderson, 
A. Serra, S. Koch , T. Hiortdahl , A. Russell , A. Roemer, A. de Schulten, E . Hugi , 
P . Berberich, etc . J. W. Retgers discussed the i somorphism of t h e alkaline earth 
molybdates , tungstates , sulphates, selenates, and chromates. R. G. Dickinson 
found tha t the X-radiogram corresponds wi th a face-centred latt ice wi th the a toms so 
located as t o give a d iamond arrangement. The arrangement of t h e a toms is the 
same as in the case of lead molybdate (q.v.) w i t h ca lc ium i n place of lead, and 
tungsten in place of molybdenum—Fig . 23, 1 1 . 61 , 11. The calculated sp . gr. is 
6-06, and the edge of the unit cell of 8 mols . is a = 2 2 - 8 0 A. F . M. Jager and H . H a g a 
made some observations o n t h e X-radiograms, and at tr ibuted t h e high degree 
of s y m m e t r y t o twinning. L*. Vegard gave for t h e latt ice dimensions of scheelite , 
which is of the rutile type , a = 7 - 4 4 A., and c = l l - 3 5 A., and for t h e ionic diameter 
1-125 A. M. Ii. Huggins made some observations of t h e structure of the crystals . 
E . Tiede and A. Schleede also studied t h e X-radiogram. T. Barth said t h a t t h e uni t 
tetragonal cell contains four mols . of C a W O 4 and has / z = 5 - 2 6 A., c = l l - 4 1 A. , and 
a : c=l : ̂ 5-17 ; on the other hand, L. Vegard inferred t h a t the uni t cell has 8 mols . 
CaWO 4 , a = 7 - 4 4 A., c = l l - 3 5 A. , and a : c=l : 1-537 ; L. Vegard and A. R e f s u m 
gave <z=7-44 A. , c = l l - 3 5 A. ; the radius of the o x y g e n a t o m is 1-125 A., of the 
meta l in WO 4 , 1-04 A. , and of the pos i t ive ion, 1-11 A. N . S. Manross gave 6-076 
for the sp . gr. of calc ium tungsta te ; A. de Schulten, 5-542 a t 15° ; C. J . B . Karsten , 
6-04 ; F . A . Bernoulli , 6-02 ; C. F . Rammelsberg , 6-03 ; and F . Zambonini , 6-O02O. 
F . A. Hengle in discussed the mol. vol . —47*53. H . Traube found t h a t the sp. gr. of 
the samples of scheelite he examined ranged from 5-88 to 6-12. J . J . Sas lawsky 
calculated a contract ion of 0-51 to 0-54 in the formation of scheelite from i ts e lements . 
The hardness ranges from 4-5 t o 5-0. E . Cane gave 0-104 for t h e sp . h t . 
M. D . Draper, A . D . Cox, and J . J . R u b b e r dev ised methods for es t imat ing t h e 
percentage a m o u n t of tungs ten trioxide in scheel ite ores from sp. gr. determinations . 
M. D . Draper found : 

Sp, gr. 3-0O 3-50 4 0 0 4-50 5 0 0 5-50 0OO 
fVO» 16-40 31-20 44-80 66-20 65-40 7 2 0 0 78-20 
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E . Jannetaz found the ratio of the heat conductivi t ies of scheelite <x/y t o be 0-9. 
D . Vorlander and H . H e m p e l observed no transformation points on the heat ing c u r v e 
of calc ium tungstate . H . K o p p gave 0-0927 for t h e sp. ht . b e t w e e n 19° and 58°. 
Gr. T a m m a n n gave 39-8 CaIs. per mal for the heat of formation from its const i tuent 
oxides. A. des Cloizeaux g a v e for the indices of refraction for red-light, to=1-918— 
1-919, and € = 1 -934—1-935 ; th e optical character is posit ive. F . Zambonini gave 
for the l ight of wave- length A, 

A . . 667 C-line 623 JD-line 570 533 JEJ-lino 4 7 5 
co . . 1 - 9 1 0 7 1 - 9 1 2 4 1*9159 1-92OO 1 - 9 2 0 8 1 - 9 2 7 3 1 - 9 2 9 8 1 - 9 3 4 4 
e . . 1 - 9 2 6 3 1 - 9 2 8 1 1 - 9 3 2 1 1 - 9 3 6 5 1 - 9 3 7 5 1 - 9 4 4 2 1 - 9 3 6 8 1 - 9 5 2 5 
c—co - . G-0156 0 0 1 5 7 0 0 1 6 2 0 0 1 6 5 0 - 0 1 6 7 0 - 0 1 6 9 0 0 1 7 0 0 0 1 8 1 

Hence the dispersion increases regularly from the red t o t h e violet ; and it is stronger 
for the ordinary than for the extraordinary ray. F . Zambonini also examined t h e 
optical constants of mixtures of calcium and cerous tungstates , and showed t h a t t h e 
t w o salts furnish isomorphous mixtures . E . F . A n t h o n said t h a t calc ium tungs ta te 
is insoluble in water ; b u t J. Lefort found t h a t 100 parts of water a t 15° dissolve 
0-2 part of calcium tungstate . E . F . Smi th and H. H. Bradbury d id n o t ge t good 
results when, for analytical purposes, the tungstates are precipitated in the form of 
calc ium tungstate . E . F . Smith found t h a t scheelite dissolves when i t is heated 
with sulphur monochloride. 

Gr. Ogden prepared calcium tungstate for use as screens which become luminous 
when exposed t o X-rays . The luminescence was discussed b y E . K u n a u , T. H . Tsao, 
and F . R-. v a n Horn. W. Arnold found tha t while the mineral scheelite exhibits a 
strong blue fluorescence when exposed t o X-rays , the freshly-prepared and ignited 
calc ium tungstate is only feebly luminescent , but it is more luminescent if i t has been 
heated in the oxhydrogen flame. A solid soln. of copper tungstate in calc ium 
tungstate is as luminous as scheelite ; manganese tungstate acts like the copper 
salt. The tungstates of sodium, potass ium, strontium, barium, and zinc ; 
wolframite, ferberite, and the different tungsfcate-bronzes, are not luminous when 
exposed t o the X-rays . K. Kei lhack, F . I)reuschuch, R. J . Strutt , K. Endell , 
Gr. F . Kunz and C. Baskervil le, P . Schuhknecht , F . E . Swindells , and C. H . Boisse-
va in and W. F . Drea also s tudied the X-ray luminescence of the alkaline earth 
tungstates . W. Ducca , and' W. Lowinthal studied the act ion of luminophores— 
e.g. traces of manganese, copper, or b i smuth salts—in enhancing the fluorescence of 
calc ium tungstate -when exposed t o X-rays . The presence of 3-27jo-,>th part of a 
b i smuth salt gave the best results. The spectrum of the blue fluorescence of calcium 
tungsta te containing a trace of a bismuth, manganese or copper salt shows feeble 
spectral bands in the blue v i o l e t ; and when the tungstate contains a trace of a silver, 
gold, nickel, cadmium, ant imony , or lead salt , the fluorescence is green. Calcium 
tungstate exhibits no thermoluminescence at room temp. ; b u t when i t is cooled t o 
—192°, exposed t o X-rays , and its t e m p , al lowed to rise, i t becomes luminescent, 
the glow is then ext inguished, and as the temp, still continues t o rise, a second 
luminescence appears. A small a m o u n t — s a y O-1 grm.—shows only one thermolu­
minescence. The luminescence of calcium tungstate in cathode rays resembles that 
produced b y X-rays . J . O. Perrine studied the ultra-violet spectrum exci ted b y 
X-rays ; F . E . Swindells, and K. Becker and H. Becker-Hose, the fluorescence in 
the X-rays . W . Jander gave for the electrical conductivit ies , l l - 6 x l 0 " ~ 6 , 
3 - 2 x 1 0 - 6 , and 1 - 3 x 1 0 - 0 , respect ively a t 1157°, 1072°, and 994°. 

A. Hadiguet used scheelite in making fluorescent screens for X-rays ; and 
M. G. Bogos lovsky and co-workers recommended adding 0-Ol t o 0-5 per cent, of t in 
ox ide t o calcium tungstate used for fluorescent screens ; and A. Schleede and 
T. H . Tsao showed tha t w h e n commercial tungst ic acid or ammonium tungstate is 
purified b y alternate t reatment wi th cone, hydrochloric acid, or aqua regia, and soda-
lye or aq. ammonia, and then converted into calc ium tungstate hy treatment -with 
calcium chloride and ignit ion a t 1000°, the X - r a y fluorescence is about equal t o t h a t 
of t h e bes t technical specimens, whilst phosphorescence is somet imes present, 
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s o m e t i m e s a b s e n t . T h e l a t t e r p r o p e r t y is i n h i b i t e d b y a d d i t i o n o£ ca l c ium m o l y b -
d a t e , b u t t h e f luorescence is sens ib ly d imin i shed . S imi lar p r e p a r a t i o n s a r e o b t a i n e d 
f rom a m m o n i u m t u n g s t a t e a n d ca l c ium chlor ide in v e r y dil . soln. Ca lc ium t u n g s t a t e , 
p r e p a r e d f rom r e p e a t e d l y c rys ta l l i zed s o d i u m t u n g s t a t e a n d ca l c ium chlor ide , stil l 
e x h i b i t e d phosphorescence , b u t a n o n - p h o s p h o r e s c e n t m a t e r i a l r e su l t ed w h e n re-
crys ta l l ized a m m o n i u m t u n g s t a t e w a s u s e d a s in i t ia l m a t e r i a l . T h e res idues o b t a i n e d 
f rom t h e mo the r - l i quo r s f rom t h e a m m o n i u m t u n g s t a t e c o n t a i n e d a rsen ic a n d m o l y b ­
d e n u m . T h e a d d i t i o n of a m m o n i u m a r s e n a t e t o a m m o n i u m t u n g s t a t e , p r e v i o u s t o 
p r ec ip i t a t i on w i t h ca l c ium chlor ide , l eads t o p r e p a r a t i o n s w i t h good f luorescence b u t 
m a r k e d phosphore scence ; s imi la r r e su l t s a r e i n d u c e d b y a m m o n i u m a n t i m o n a t e . 
A m m o n i u m m o l y b d a t e does n o t i n d u c e phosphorescence . H . H i r sch i , a n d K . E n d e l l 
obse rved t h e l uminescence of scheel i te w h e n t h e m i n e r a l is exposed t o r a d i u m r a y s ; 
a n d A. P o c h e t t i n o , w h e n i t is exposed t o c a t h o d e r a y s . F . C. H e n r i c i a n d 
J . F . Ju. H a u s m a n n , a n d T. A . L . d u Moncel sa id t h a t scheel i te is a c o n d u c t o r , a n d 
E . W a r t m a n n , a n d F . Bei jer inck , t h a t i t is a n o n - c o n d u c t o r of e lec t r i c i ty . 
E . E , F a i r b a n k s g a v e 7-7 (wa te r 81) for t h e die lect r ic c o n s t a n t of scheel i te ; a n d 
H . Saegusa s t u d i e d t h i s sub jec t . 

E . F . A n t h o n o b t a i n e d n o r m a l s t r o n t i u m tungs ta te , S r W O 4 , b y m i x i n g soln . 
of a s t r o n t i u m s a l t w i t h n o r m a l p o t a s s i u m or s o d i u m t u n g s t a t e ; o r b y boi l ing 
f r e sh ly -p rec ip i t a t ed s t r o n t i u m c a r b o n a t e "with t u n g s t i c ac id a n d w a t e r . J . Le fo r t 
u s e d soln. of s t r o n t i u m a c e t a t e a n d n o r m a l s o d i u m t u n g s t a t e . H . Schu l t ze , a n d 
E . Z e t t n o w p r e p a r e d t h e c rys t a l s of t h e sa l t b y m e l t i n g m i x t u r e s of s o d i u m t u n g s t a t e , 
s t r o n t i u m chlor ide , a n d s o d i u m chlor ide . L . Michel r e c o m m e n d e d a n excess of t h e 
flux-—sodium chlor ide . G. T a m m a n n obse rved t h a t w h e n s t r o n t i u m c a r b o n a t e is 
h e a t e d w i t h t u n g s t e n t r i ox ide , c a r b o n d iox ide is expel led , a n d s t r o n t i u m t u n g s t a t e 
is fo rmed . S t r o n t i u m t u n g s t a t e a p p e a r s as a wh i t e , a m o r p h o u s p o w d e r ; a n d 
A. Cossa descr ibed t h e c ry s t a l s a s t e t r a g o n a l b i p y r a m i d s w i t h t h e ax ia l r a t i o 
a : c=l : 1-5582. E . K . B r o c h c a l c u l a t e d f rom t h e X - r a d i o g r a m t h e space - l a t t i ce 
w i t h <z=5-405 A., c = l l - 9 0 A. , a : c=l : 2-202 ; a n d dens i ty , 6-372. F . Z a m b o n i n i 
g a v e 6-184 for t h e sp . gr . F . A. H e n g l e i n g a v e 54-27 for t h e mo l . vol . W h e n t h e 
v o l u m i n o u s p o w d e r is h e a t e d t o redness , i t b e c o m e s i n c a n d e s c e n t , a n d is a f t e r w a r d s 
c o m p a c t . I t r e m a i n s w h i t e a f te r be ing h e a t e d t o r ednes s . Gr. T a m m a n n g a v e 
56-4 CaIs. for t h e h e a t of f o r m a t i o n p e r mol . W . J a n d e r g a v e for t h e e lect r ical 
conduc t iv i t i e s 107 X 10-« , 62-5 X 10~o, a n d 5-8 X 10~« re spec t ive ly a t 1040°, 900°, a n d 
733°. E . F . A n t h o n said t h a t s t r o n t i u m t u n g s t a t e is inso luble in w a t e r , b u t J . Liefort 
f o u n d t h a t 100 p a r t s of w a t e r a t 15° d issolve 0-14 p a r t . E . F . A n t h o n f o u n d t h a t 
s t r o n t i u m t u n g s t a t e is soluble in a boi l ing soln. of oxa l ic ac id , a n d , o n cool ing, t h e 
l iqu id becomes t u r b i d . E . F . S m i t h a n d K. H . B r a d b u r y f o u n d t h a t t h e s a l t is 
easi ly d e c o m p o s e d w h e n h e a t e d a n d is n o t the re fore a s u i t a b l e fo rm in w h i c h t o 
p r e c i p i t a t e t u n g s t e n for ana lys i s . 

F . d e Carl i f o u n d t h a t a m i x t u r e of b a r i u m a n d t u n g s t e n ox ides w h e n h e a t e d 
shows a t h e r m a l effect a t 190° ; a n d G. T a m m a n n o b s e r v e d t h a t t h e t w o oxides 
u n i t e t o fo rm b a r i u m tungs ta te , B a W O 4 , b e t w e e n 300° a n d 550° . T h e s u b j e c t w a s 
d iscussed b y W . J a n d e r . J . A . H e d v a l l a n d N . v o n Zwe igbe rgk f o u n d t h a t w i t h a 
m i x t u r e of b a r i u m d iox ide a n d t u n g s t e n t r i o x i d e , o x y g e n beg ins t o c o m e off a t 
250° ; a n d t h e g r e a t e s t r e a c t i o n ve loc i ty i n fo rming t u n g s t a t e is b e t w e e n 450° a n d 
525° . T h e sub jec t w a s s t u d i e d b y W . J a n d e r , w h o found t h a t t h e r e a c t i o n w i t h 
b a r i u m c a r b o n a t e beg ins a t 300°. E . F . A n t h o n , a n d A. Cossa o b t a i n e d t h e sa l t 
b y m i x i n g soln. of a b a r i u m sa l t a n d of n o r m a l p o t a s s i u m or s o d i u m t u n g s t a t e , 
o r b y boi l ing b a r i u m c a r b o n a t e w i t h w a t e r a n d t u n g s t i c ac id . J . Liefort o b t a i n e d 
t h i s t u n g s t a t e b y m i x i n g a q . soln. of b a r i u m a c e t a t e a n d n o r m a l s o d i u m t u n g s t a t e , 
t h e w a s h e d p r o d u c t is h e a t e d t o d r ive ofi t h e c o m b i n e d w a t e r . A . G e u t h e r a n d 
E . F o r s b e r g , a n d E . Z e t t n o w o b t a i n e d c r y s t a l s of t h e s a l t b y m e l t i n g a m i x t u r e 
of n o r m a l s o d i u m t u n g s t a t e , b a r i u m ch lo r ide , a n d s o d i u m ch lo r ide , s lowly cool ing 
t h e l i qu id , a n d w a s h i n g p u t t h e soluble m a t t e r s w i t h w a t e r . !L. Michel r e c o m ­
m e n d e d u s i n g a n excess of s o d i u m chlor ide a s a flux. A . Cossa f o u n d t h a t t h e 
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w h i t e , t e t r a g o n a l , b i p y r a m i d a l c r y s t a l s l i ave t h e ax ia l r a t i o a : c = l : 1-6046. 
I . I . N a v a n o a n d J . P a l a c i o s ' X - r a d i o g r a m s of t h i s sa l t i n d i c a t e d t h e ex i s tence of 
4 mols . in t h e e l e m e n t a r y pa ra l l e lop ipeda l cell. Li. V e g a r d a n d A. R e f s u m 
gave a = 7 - 9 0 8 A. , c = 1 2 - 6 8 9 A. , a : c=l : 1-605 ; t h e r a d i u s of t h e o x y g e n a t o m is 
1-24 ; of t h e m e t a l i n W O 4 , 1-03 ; a n d of t h e pos i t ive ion , 1-21 A. F . Z a m b o n i n i 
g a v e 6-35 for t h e sp . gr. , a n d F . W . Clarke a n d J . Z,. D a v i s , 5 0 4 2 2 a t 15°. 
F . A . H e n g l e i n g a v e 60-69 for t h e mo l . vo l . E . Z e t t n o w found t h a t t h e sa l t fuses 
w i t h difficulty, a n d becomes i n c a n d e s c e n t a t a r e d - h e a t . Gr. T a m m a n n g a v e 73-5 
CaIs. for t h e h e a t of f o r m a t i o n p e r mol . ; J . A. H e v d a l l a n d N . v o n Zweigbergk 
g a v e 80 CaIs. F o r t h e luminescence w h e n exposed t o X - r a y s , vide supra, c a l c ium 
t u n g s t a t e . W . J a n d e r o b t a i n e d for t h e electr ical c o n d u c t i v i t y , 36-6 X 1 O - 6 , 
6 - 9 x 1 0 - 0 , a n d 1-8x10—6 respec t ive ly a t 1123°, 994°, a n d 815°. T h e sa l t is n o t 
c h a n g e d b y e x p o s u r e t o air , a n d J . L*efort f o u n d i t t o b e spa r ing ly soluble in w a t e r . 
E . F . S m i t h a n d R . H . B r a d b u r y sa id t h a t i t is m o r e soluble in a m m o n i u m n i t r a t e 
soln. t h a n i t is in w a t e r ; a n d t h a t t h e sa l t is a s u i t a b l e fo rm in wh ich t o p r e c i p i t a t e 
t u n g s t e n for ana lys i s . E . Z e t t n o w sa id t h a t t h e s a l t is d e c o m p o s e d b y fusion w i t h 
s o d i u m c a r b o n a t e , a n d A. G e u t h e r a n d E . F o r s b e r g , b y boi l ing i t w i t h n i t r i c acid. 
C. Scheib ler r e p o r t e d o c t a h e d r a l c ry s t a l s of t h e hemihydrate, B a W O 4 - J H 2 O , t o be 
fo rmed w h e n t h e m o t h e r - l i q u o r o b t a i n e d i n t h e p r e p a r a t i o n of s o d i u m b a r i u m 
t u n g s t a t e is t r e a t e d w i t h b a r y t a - w a t e r , a n d t h e p r e c i p i t a t e filtered a n d w a s h e d ; 
i t is a lso fo rmed b y t r e a t i n g a soln. of b a r i u m m e t a t u n g s t a t e , or of m e t a t u n g s t i c 
ac id w i t h b a r y t a - w a t e r . E . P e c h a r d r e p o r t e d t h e dihydrate, B a W O 4 . 2 H 2 O , t o b e 
f o r m e d b y t h e a c t i o n of a n eq . of m e t a t u n g s t i c ac id on b a r y t a w a t e r ; h e a lso 
o b t a i n e d a tetrahydrate, B a W O 4 . 4 H 2 O , in a s imi lar m a n n e r . E . Z e t t n o w o b t a i n e d a 
hemipentahydrate, B a W O 4 . 2 J H 2 O , b y a d d i n g b a r i u m ch lor ide t o a soln. o b t a i n e d b y 
boi l ing s o d i u m d o d e c a t u n g s t a t e w i t h ace t i c ac id a n d hydroch lo r i c ac id a s long a s 
p r e c i p i t a t i o n occurs . T h e a m o r p h o u s , v o l u m i n o u s p r e c i p i t a t e is w a s h e d b y 
d e c a n t a t i o n , a n d d r i e d a t 30° t o 40°. L . K a h l e n b e r g a n d W . J . T r a u t m a n n found 
t h a t si l icon r e a c t s w i t h difficulty w i t h b a r i u m t u n g s t a t e , y ie ld ing a slag a n d a few 
sma l l g lobules of w h a t is p r o b a b l y a sil icide. 

C Scheib ler r e p o r t e d a bery l l ium t u n g s t a t e t o be f o r m e d b y c rys ta l l i za t ion 
f rom a s y r u p y soln. Gr. T a m m a n n o b s e r v e d n o s ingu la r p o i n t o n t h e h e a t i n g c u r v e 
o b t a i n e d f rom a m i x t u r e of b e r y l l i u m ox ide a n d t u n g s t e n t r i ox ide . F . de Carli 
o b t a i n e d n o s ingu la r p o i n t on t h e h e a t i n g c u r v e of m i x t u r e s of m a g n e s i a a n d 
t u n g s t e n t r i o x i d e , b u t Gr. T a m m a n n o b s e r v e d t h a t m a g n e s i u m tungs ta te , M g W O 4 , 
i s f o r m e d b e t w e e n 300° a n d 600°, a n d t h i s is s h o w n b y a h u m p on t h e h e a t i n g c u r v e . 
A. G e u t h e r a n d E . F o r s b e r g o b t a i n e d t h e a n h y d r o u s sa l t b y a m i x t u r e of s o d i u m 
t u n g s t a t e , m a g n e s i u m chlor ide , a n d s o d i u m chlor ide . I J . Michel r e c o m m e n d e d 
a n excess of s o d i u m ch lor ide . T h e c r y s t a l s were also p r e p a r e d b y JN". S. Manross , 
a n d V. M. G o l d s c h m i d t . O c t a h e d r a l a n d c o l u m n a r c rys t a l s c a n be i so la ted b y 
w a s h i n g t h e p r o d u c t . T h e c rys t a l s we re e x a m i n e d b y F . M a c h a t s c h k y , a n d 
V. M. G o l d s c h m i d t . T h e monoc l in ic p r i s m s h a v e t h e ax ia l r a t i o s a : b : c 
= 0 - 8 2 6 3 : 1 : 0-8703, a n d j S = 8 9 ° 4 0 ' . F r o m t h e X - r a d i o g r a m s , E . K . B r o c h 
f o u n d a : b : c = 4 - 6 7 : 5-66 : 4-92, a n d £ = 8 9 ° 3 5 ' , o r a : b : c==0-828 : 1 : 0 -871— 
F . M a c h a t s c h k y g a v e 0-8263 : 1 : 0-8703, a n d y8=89° 4 0 ' . T h e monocl in ic c rys ta l s 
h a v e t w o M g W O 4 mo l s . p e r u n i t cell, a n d t h e sp . gr . is 5-66. T h e c rys t a l s a re decom­
p o s e d w h e n h e a t e d w i t h n i t r i c ac id . F . Ul l ik sa id t h a t t h e s a l t does n o t m e l t a t a 
b r i g h t r e d - h e a t . G. T a m m a n n g a v e 3-4 CaIs. for t h e h e a t of f o r m a t i o n p e r mo l 
from i t s c o n s t i t u e n t ox ides . W . J a n d e r o b t a i n e d a b o u t 0-02 X 10~~6 for t h e electrical 
c o n d u c t i v i t y of t h e sa l t a t 800° ; a n d h e o b t a i n e d v a l u e s for t h e diffusion coeff. 
J . Xiefort r e p o r t e d a trihydrate, M g W O 4 . 3 H 2 O , t o b e f o r m e d b y m i x i n g soln. of n o r m a l 
s o d i u m t u n g s t a t e a n d m a g n e s i u m a c e t a t e i n eq . p r o p o r t i o n s in t h e presence of 
a lcohol . T h e w h i t e , a m o r p h o u s p o w d e r r e m a i n s w h i t e w h e n g r adua l l y h e a t e d ; 
i t is v e r y soluble in w a t e r , a n d a l m o s t inso luble i n alcohol . T h e aq . soln. forms a 
s y r u p w h e n e v a p o r a t e d , b u t does n o t c rys ta l l ize . F . Ul l ik o b t a i n e d a heptahydrate, 
M g W O 4 . 7 H 2 O , b y boi l ing t u n g s t i o ac id a n d m a g n e s i u m c a r b o n a t e su spended in 
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w a t e r . T h e clear, filtered soln. o n cooling depos i t s l u s t r o u s p r i s m s w h i c h dissolve 
a l i t t l e in cold wa te r , b u t freely in h o t w a t e r . T h e y lose w a t e r w h e n h e a t e d . 
F . Rodo l i co o b t a i n e d a c o m p l e x M g W O 4 . X . 1 0 H 2 O w i t h h e x a m e t h y l e n e t e t r a m i n e . 
Acco rd ing t o F . Ull ik, if a cone . a q . soln. of t h e h e p t a h y d r a t e b e m i x e d w i t h a soln . 
of p o t a s s i u m t u n g s t a t e , a w h i t e p r e c i p i t a t e of p o t a s s i u m m a g n e s i u m t u n g s t a t e of 
va r i ab l e compos i t ion is fo rmed . If a soln. of eq. p r o p o r t i o n s of t h e t w o sa l t s b e 
e v a p o r a t e d , t h e p r o d u c t a lso h a s a v a r i a b l e compos i t ion , a l t h o u g h o n one occas ion 
t h e compos i t i on a p p r o x i m a t e d K 2 W O 4 - M g W O 4 ^ H 2 O . 

A . G e u t h e r a n d E . F o r s b e r g m e l t e d a m i x t u r e of s o d i u m t u n g s t a t e , z inc ch lor ide , 
a n d s o d i u m chlor ide , a n d l e a c h e d t h e p r o d u c t w i t h boi l ing w a t e r ; t h e r e r e m a i n e d 
colourless c ry s t a l s of z i n c tungs ta te , Z n W O 4 , cons idered t o b e i s o m o r p h o u s w i t h 
ca l c ium t u n g s t a t e . E . Z e t t n o w , a n d L . Michel also p r e p a r e d t h e sa l t a n d s u p p o s e d 
i t t o furnish r h o m b i c c rys t a l s . E . K . B r o c h observed t h a t t h e c rys t a l s a r e monoc l in i c 
l ike t h o s e of t h e m a g n e s i u m sa l t . Tt. A. H a l l o p e a u also o b t a i n e d t h i s s a l t b y 
h e a t i n g a m i x t u r e of s o d i u m p a r a t u n g s t a t e a n d p o w d e r e d z inc , a n d w a s h i n g t h e 
cold p r o d u c t w i t h w a t e r . E . K . B r o c h f o u n d t h a t t h e X - r a d i o g r a m s c o r r e s p o n d e d 
w i t h a space - l a t t i ce h a v i n g « = 4 - 6 8 A. , b=5-73 A., c = 4 - 9 5 , a n d / 3 = 8 9 ° 3 0 ' , w i t h 
t h e ax i a l r a t i o s a : b : c = 0 - 8 1 7 : 1 : 0*864, a n d t h e ca l cu l a t ed d e n s i t y 7-79. F o r t h e 
l uminescence of z inc t u n g s t a t e , vide supra, c a l c ium t u n g s t a t e . J . Xiefort f o u n d t h a t 
t h e hydrate, Z n W O 4 - H 2 O , is fo rmed b y doub l e d e c o m p o s i t i o n as i n t h e case of c a l c ium 
t u n g s t a t e , a n d h e a d d e d t h a t t h e p r o d u c t is s l ight ly soluble in w a t e r . W . J a n d e r 
o b t a i n e d 8-5 X 10—« for t h e e lec t r ica l c o n d u c t i v i t y a t 1000°, a n d 1-1 X 10—^ a t 850° ; 
a n d h e also ca l cu l a t ed va lues for t h e diffusion coeif. S. H . C. Br iggs o b t a i n e d z i n c 
t e t r a m m i n o t u n g s t a t e , Z n W O 4 . 4 N H 3 . 3 H 2 O , a s in t h e case of t h e c o p p e r sa l t , b y 
a l lowing a m i x t u r e of a n a m m o n i a c a l soln. of z inc a n d a m m o n i u m t u n g s t a t e s 
g r a d u a l l y t o diffuse i n t o a lcohol . T h e t e t r a h e d r a l c rys t a l s g r a d u a l l y g ive off 
a m m o n i a a t o r d i n a r y t e m p . E . d e Carl i f o u n d t h a t w h e n a m i x t u r e of c a d m i u m 
oxide a n d t u n g s t e n t r i o x i d e is h e a t e d , ev idence of c o m b i n a t i o n occurs a t 250° ; 
a n d W . J a n d e r s t u d i e d t h e a c t i o n of solid c a d m i u m a n d m a g n e s i u m oxides on sol id 
zinc t u n g s t a t e , M g O + Z n W O 4 = Z n O + M g W O 4 , e t c . A . G e u t h e r a n d E . F o r s b e r g , 
a n d L. Michel o b t a i n e d c a d m i u m tungs ta te , C d W O 4 , b y t h e m e t h o d e m p l o y e d for t h e 
z inc sa l t . E . Z e t t n o w also o b t a i n e d t h e sa l t b y a s imi la r p rocess , a n d desc r ibed 
t h e p r o d u c t as a c a n a r y - y e l l o w p o w d e r cons i s t ing of r h o m b i c o c t a h e d r a . 
E . F . A n t h o n o b t a i n e d t h e dihydrate, C d W O 4 . 2 H 2 O , as a w h i t e p o w d e r , b y t r e a t i n g 
a soln. of a c a d m i u m sa l t w i t h s o d i u m or p o t a s s i u m t u n g s t a t e . I t loses i t s w a t e r 
w h e n h e a t e d , a n d i t is so luble in p h o s p h o r i c , a n d oxal ic ac ids , a n d in a q . a m m o n i a , 
b u t n o t in w a t e r . E . F . S m i t h a n d H . H . B r a d b u r y sa id t h a t a f te r t h e t u n g s t a t e 
h a s been h e a t e d i t is n o t so luble in ac ids ; a n d t h e y f o u n d t h e s a l t a s u i t a b l e fo rm 
in wh ich t o p r e c i p i t a t e t u n g s t a t e s for t h e q u a n t i t a t i v e d e t e r m i n a t i o n of t u n g s t e n . 
W . J a n d e r o b t a i n e d for t h e e lec t r ica l c o n d u c t i v i t y of t h e c a d m i u m sa l t 202 X 10~""6, 
6 4 - 5 x 1 0 - 6 , a n d 2 - 8 x l 0 ~ 6 r e spec t ive ly a t 1043°, 942°, a n d 761°. W . J a n d e r 
s t u d i e d t h e r eac t i on : M g O + C d W O 4 = C d O + M g W O 4 . J . H . P a r t i n g t o n d i scussed 
t h e fluorescence a n d phospho re scence of t h e sa l t . W . J a n d e r s t u d i e d t h e a c t i o n of 
m a g n e s i u m oxide on solid c a d m i u m t u n g s t a t e . 

E . F . A n t h o n o b t a i n e d m e r c u r o u s t u n g s t a t e , H g 2 W O 4 , a s a ye l low p r e c i p i t a t e 
b y m i x i n g a soln. of m e r c u r o u s n i t r a t e a n d s o d i u m t u n g s t a t e . W h e n d r i ed , i t is 
d a r k yel low, a n d af ter ca lc ina t ion , t u n g s t e n t r i o x i d e r e m a i n s . J . J . Berze l ius 
e x a m i n e d t h e s a l t a s a m e a n s of q u a n t i t a t i v e l y d e t e r m i n i n g t u n g s t e n , E . F . A n t h o n 
a d d e d t h a t t h e yel low sa l t a p p e a r s a t first t a s t e l e s s , b u t a f te r a t i m e i t h a s a w e a k , 
me ta l l i c t a s t e . J . Lefor t f ound t h a t m e r c u r i c t u n g s t a t e , H g W O 4 , is p r e c i p i t a t e d 
b y a d d i n g a n e u t r a l soln. of m e r c u r i c a c e t a t e t o a s a t . soln . of s o d i u m t u n g s t a t e . 
T h e s t r aw-ye l low p r o d u c t b e c o m e s l emon-ye l low w h e n d r ied . I t is n o t v e r y s t a b l e , 
a n d is d e c o m p o s e d w h e n w a s h e d for a long t i m e w i t h w a t e r ; i t is s p a r i n g l y so luble 
in w a t e r . E . F . A n t h o n f o u n d t h a t if a m m o n i u m d i t u n g s t a t e a n d n e u t r a l m e r c u r i c 
n i t r a t e soln . b e m i x e d , a w h i t e p r e c i p i t a t e a p p r o x i m a t i n g a m m o n i u m m e r c u r i c 
tungstate. ( N H 4 ) 2 W 0 4 . H g W 0 4 . H 2 0 , is formed. I t can be dried a t 100°, bu t a t 
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200°—250° i t g ives off w a t e r a n d a m m o n i a , l e a v i n g a m i x t u r e of m e r c u r i c a n d 
t u n g s t e n ox ides . I t is inso lub le in w a t e r , a n d is d e c o m p o s e d b y a lka l i - lye , a n d 
ac ids . 

T h e borotung states were d i scussed in connec t i on w i t h t h e b o r a t e s — 5 . 32 , 15 . 
G. T a m m a n n 6 o b s e r v e d t h a t w h e n a m i x t u r e of a l u m i n a a n d t u n g s t e n t r i o x i d e is 
h e a t e d , n o ev idence of t h e f o r m a t i o n of a c o m p o u n d is s h o w n on t h e h e a t i n g c u r v e ; 
b u t F . A . !Bernoulli h e a t e d a m i x t u r e of a m o l of a l u m i n a w i t h 3 mo l s of t u n g s t e n 
t r i ox ide in a porce la in o v e n for 18 h r s . a n d o b t a i n e d a c rys ta l l ine m a s s , p r e s u m a b l y 
a l u m i n i u m t u n g s t a t e , A l 2 O 3 . 3 W O 3 , or A1 2 (W0 4 ) 3 . E . F . A n t h o n o b t a i n e d a p r e ­
c i p i t a t e of t h e h y d r a t e b y a d d i n g s o d i u m t u n g s t a t e t o a soln. of a n a l u m i n i u m sa l t . 
W . Liotz found t h a t t h e p r e c i p i t a t e is inso luble in w a t e r , a n d in a soln. of s o d i u m 
t u n g s t a t e , b u t i t is so luble in a q . a m m o n i a , a n d in soln. of a l u m , s o d i u m h y d r o x i d e , 
a n d p h o s p h o r i c a n d oxal ic ac ids . J . Le fo r t sa id t h a t w h e n a soln. of a l u m is 
p o u r e d i n t o a soln. of n o r m a l s o d i u m t u n g s t a t e , t h e octohydrate, Al 2 (WO 4 )S-SH 2 O, 
is p r e c i p i t a t e d a s a w h i t e , v o l u m i n o u s inass . 100 p a r t s of w a t e r a t 15° dissolve 
0*0667 p a r t of t h e o c t o h y d r a t e . C o m p l e x a l u m i n o p h o s p h a t o t u n g s t a t e s , a l u m i n o -
a r s e n a t o t u n g s t a t e s , a n d a l u m i n o a n t i m o n a t o t u n g s t a t e s h a v e b e e n p r e p a r e d ; a n d 
also c o m p l e x a l u m i n o t u n g s t a t e s . T h u s , b y bo i l ing a m i x t u r e of a l u m i n i u m 
h y d r o x i d e a n d a soln . of a m m o n i u m p a r a t u n g s t a t e , C. W . B a l k e a n d E . F . S m i t h 
o b t a i n e d a m m o n i u m a l u m i n o t u n g s t a t e , 3 ( N H 4 ) 2 O . A l 2 0 3 . 9 W 0 3 . 4 H 2 0 , a s a dense , 
h igh ly re f rac t ive s y r u p , which , on d r y i n g , l eaves a t r a n s l u c e n t m a s s . T h e d r y , 
p o w d e r e d sa l t d i sso lved in cone , n i t r i c ac id ; p r e c i p i t a t i o n d id n o t occur , e v e n u p o n 
boi l ing . T h e s a l t w a s so luble also in cone , h y d r o c h l o r i c ac id w i t h o u t t h e p r o ­
d u c t i o n , in t h e cold, of a p r e c i p i t a t e , b u t w h e n t h e soln. w a s v igorous ly boi led a 
ye l low-co loured p r e c i p i t a t e s e p a r a t e d . M e r c u r o u s n i t r a t e p r o d u c e d , in i t s a q . 
soln. , a ye l lowish -whi t e -co loured p r e c i p i t a t e . T h e p r e c i p i t a t e c a u s e d b y b a r i u m 
chlor ide w a s a l m o s t inso luble in h o t "water. Af ter d r y i n g , ac ids failed t o dissolve 
i t . I n a s l igh t ly a m m o n i a c a l soln. of t h e sa l t , s i lver n i t r a t e p r o d u c e d a yel lowish-
w h i t e p r e c i p i t a t e , so luble i n a l a rge vo l . of h o t w a t e r . L*. C Dan ie l s p r e p a r e d 
copper a luminotux igs ta te , 2 C u O - A l 2 O 3 . 9 W O 3 . 1 6 J H 2 O , b y a d d i n g a cone . soln. of 
a m m o n i u m a l u m i n o t u n g s t a t e t o a IO pe r cen t . soln. of coppe r s u l p h a t e ; or t o a n 
a m m o n i a c a l soln. of cupr i c h y d r o x i d e . C W . B a l k e a n d E . F . S m i t h a d d e d si lver 
n i t r a t e t o a n a m m o n i a c a l soln . of a m m o n i u m a l u m i n o t u n g s t a t e , a n d 
o b t a i n e d a ye l lowish -whi t e p r e c i p i t a t e of a m m o n i u m si lver a l u m i n o t u n g s t a t e , 
H A g 2 0 . 2 1 ( N H 4 ) 2 0 . 4 A l 2 0 3 . 3 6 W 0 3 . T h e p r e c i p i t a t e o b t a i n e d b y a d d i n g b a r i u m 
ch lo r ide t o a soln. of a m m o n i u m a l u m i n o t u n g s t a t e w a s f o u n d b y L . C. E)aniels t o 
b e b a r i u m a l u m i n o t u n g s t a t e , 8 B a O . A l 2 O 3 . 9 W O 3 J H 2 O ; whi le a soln. of zinc ox ide 
in a q . a m m o n i a g ives a w h i t e p r e c i p i t a t e of z i n c a l u m i n o t u n g s t a t e , ZnO-Al 2 O 3 . 
9 W 0 3 . 2 0 H o O ; a n d w i t h m e r c u r o u s n i t r a t e , a pa le yel low n o c c u l e n t p r e c i p i t a t e of 
m e r c u r o u s a l u m i n o t u n g s t a t e , 5 H g 2 O - A l 2 O 3 . 9 W O 3 , was fo rmed . A. Roge r s a n d 
E . F . S m i t h t r e a t e d a soln. of a m m o n i u m a l u m i n o t u n g s t a t e w i t h m e r c u r o u s n i t r a t e 
a n d o b t a i n e d a ye l lowish-whi te p r e c i p i t a t e supposed t o b e a n a m m o n i u m 
mercurous aluminotuxigstate. 

C. R e n z 7 o b t a i n e d i n d i u m t u n g s t a t e , I n 2 ( W 0 4 ) 3 . 8 H 2 0 , b y a d d i n g a soln. of 
s o d i u m t u n g s t a t e t o o n e of a n i n d i u m sa l t . T h e w h i t e p r e c i p i t a t e dr ies t o a h o r n y 
m a s s . H . F l e m m i n g o b t a i n e d tha l lous tungs ta te , T l 2 W O 4 , b y m i x i n g soln. of 
n o r m a l s o d i u m t u n g s t a t e a n d a t h a l l o u s s a l t ; or b y bo i l ing t u n g s t i c ac id a n d 
t h a l l o u s c a r b o n a t e . T h e p r e c i p i t a t e cons is t s of microscopic , h igh ly refract ing, 
s ix-s ided p l a t e s . P . S. O e t t i n g e r a d d e d t h a t t h e p r e c i p i t a t e is insoluble in wa te r , 
spa r ing ly so luble in a q . a m m o n i a , b u t is soluble in h o t soln. of a lkal i h y d r o x i d e or 
c a r b o n a t e . E . Schaefer cou ld n o t p r e p a r e n o r m a l t ha l l ous t u n g s t a t e ; thal l ic 
t u n g s t a t e h a s n o t b e e n r e p o r t e d . 

G. T a m m a n n 8 o b s e r v e d ev idence of t h e f o r m a t i o n of c erous tungs ta te , 
Ce 2 (WO^) 3 , w h e n a m i x t u r e of eerie ox ide a n d t u n g s t e n t r i ox ide is h e a t e d . T h e 
h e a t i n g c u r v e shows t h a t a n e n d o t h e r m i c r e a c t i o n occurs b e t w e e n 24:0° a n d 600°. 
Accord ing t o A . Cossa a n d M. Zecchini , w h e n a soln. of cerous s u l p h a t e is p o u r e d 
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i n t o one of sod ium t u n g s t a t e , a n a m o r p h o u s , pa le yel low p r e c i p i t a t e of ce rous 
t u n g s t a t e is formed. After h e a t i n g t o r edness , t h e a m o r p h o u s p r e c i p i t a t e b e c o m e s 
crys ta l l ine . F . R . M. H i t c h c o c k f o u n d t h a t a soln. of s o d i u m t u n g s t a t e gives a p r e ­
c ip i t a t e w i t h soln. of c e r i u m sal ts , t h e p r ec ip i t a t i on is n o t comple t e , a n d t h e a d d i t i o n 
of alcohol p r ec ip i t a t e s o t h e r c e r i u m sa l t s a long w i t h t h e ce r ium t u n g s t a t e i n soln. 

P . D id ie r found t h a t if eerie ox ide b e a d d e d in smal l 
p o r t i o n s a t a t i m e t o fused s o d i u m p a r a t u n g s t a t e , 
k e p t i n excess , m i n u t e , ye l low o c t a h e d r a of n o r m a l 
ce rous t u n g s t a t e , r e sembl ing t h e c rys t a l s of scheel i te , 
a r e fo rmed . !Larger c rys ta l s a r e p r o d u c e d b y fusing 
p r e c i p i t a t e d cerous t u n g s t a t e w i t h s o d i u m chlor ide o u t 
of c o n t a c t w i t h air . H . T r a u b e o b t a i n e d c rys t a l s of 
c e r ium t u n g s t a t e a s a s u b l i m a t e b y h e a t i n g t o a h igh 
t e m p , a m i x t u r e of t h e t u n g s t a t e w i t h s o d i u m a n d 
p o t a s s i u m chlor ides . F . Z a m b o n i n i g a v e for t h e ax i a l 
r a t i o of t h e c rys t a l s a : c—1 : 1-5257, a n d h e e x a m i n e d 
t h e opt ica l c o n s t a n t s of i s o m o r p h o u s m i x t u r e s w i t h 
cerous t u n g s t a t e . F . Z a m b o n i n i found t h e sp . gr . of 

C e 2 ( W 0 4 ) 3 t o b e 6*77 a t 16-5°, a n d t h e mo l . vo l . 151-3. A. Cossa a n d M. Zecchini 
g a v e for t h e sp . gr. 6-514 a t 12° ; a n d for t h e sp . h t . , 0-0821. F . Z a m b o n i n i 
g a v e 1089° for t h e m . p . A. R o g e r s a n d E . F . S m i t h p r e p a r e d a m m o n i u m 
cerous tungs ta te , 2 ( N H 4 J 2 C C e 2 O 3 J G W O 3 ^ H 2 O , a s a r ed , t r a n s p a r e n t glass , 
insoluble in w a t e r , b y boi l ing cer ium h y d r o x i d e for 8 h r s . -with a soln. of 
a m m o n i u m p a r a t u n g s t a t e , f i l tering t h e m i x t u r e , a n d e v a p o r a t i n g i t t o d r y ­
ness . !By dissolving c e r i u m ox ide a n d t u n g s t e n t r i o x i d e in a fused m i x t u r e 
of s o d i u m t u n g s t a t e a n d chlor ide , A. J . H o g b o m o b t a i n e d c rys t a l s of 
s o d i u m cerous tungs ta te , N a 8 C e 2 ( W O 4 J 7 . P . Did ie r also o b t a i n e d a c o m p l e x 
t u n g s t a t e , Na 2 Ce 2 (WO 4 J 4 , i n su lphur -ye l low, o c t a h e d r a l c rys ta l s , b y d isso lv ing 
p r e c i p i t a t e d cerous t u n g s t a t e i n n o r m a l s o d i u m t u n g s t a t e . G. Ca robb i a n d 
G. T a n c r e d i found t h a t t h r e e c rys ta l l ine c o m p o u n d s c a n ex i s t in t h e s y s t e m 
C e 2 ( W O 4 J 3 - N a 2 W O 4 - H 2 O , a t 25°. T h e r e su l t s a r e s u m m a r i z e d in F i g . 4 1 . These 
a r e C e 2 ( W O 4 J 3 N a 2 W O 4 - I l H 2 O ; C e 2 ( W O 4 J 3 . 3 N a 2 W O 4 . 1 6 H 2 O ; a n d Ce 2 (WO 4 J 3 . 
5 N a 2 W O 4 . 2 3 H 2 O . T h e y a r e s t a b l e in a i r ; a n d s ince t h e ve loc i ty c u r v e of t h e 
d e h y d r a t i o n of t h e sa l t s ove r su lphu r i c ac id , o r ca l c ium chlor ide shows b r e a k s , 
o t h e r h y d r a t e s p r o b a b l y ex is t . T h u s w i t h s u l p h u r i c ac id of s p . gr . 1-58, a t 25° , 
for t h e 1 : 1 : 11 - sa l t : 

Time . . 1 - 2 5 4-25 
Loss . . 3-83 4*92 

w i t h t h e 1 : 3 : 16 - sa l t : 
T i m e . . 1-25 4-25 
Loss . . 3 1 3 5-22 

a n d w i t h t h e 1 : 5 : 2 3 - s a l t : 

Tirae . . 1 - 2 5 4-92 
Los s • . 3-49 5-06 

8-33 
5-78 

8-33 
5-95 

8-33 
5-93 

23-O 
6-8O 

2 3 0 
7-3O 

23-0 
7-07 

3 8 0 
7-09 

6 6 0 
7-86 

6G-O 
7-77 

113-7 
7-96 

139-7 
9-71 

139-8 
8-46 

756-7 
8-39 

782-7 
9-99 

7 8 3 0 
9-95 

4000 rain. 
8-39 per cent . 

3991 rain. 
9-99 per cent . 

3991 rain. 
9-95 per cent 

Accord ing t o F . R . M. H i t c h c o c k , a soln . of s o d i u m t u n g s t a t e a d d e d t o one of 
l a n t h a n u m chlor ide , i n t h e p resence of a lcohol , g ives a p r e c i p i t a t e , p r e s u m a b l y 
l a n t h a n u m tungs ta te , which , o n d r y i n g h a s a de l i ca t e b l u e co lour . H . T r a u b e 
o b t a i n e d c rys t a l s as a s u b l i m a t e b y t h e m e t h o d i n d i c a t e d in connec t i on w i t h c e r i u m 
t u n g s t a t e . A . R o g e r s a n d E . F . S m i t h p r e p a r e d a m m o n i u m l a n t h a n u m t u n g s t a t e , 
2 ( N H 4 J 2 O . L » a 2 0 3 . 1 6 W 0 3 . 1 6 H 2 0 , a s i n t h e case of t h e c o r r e s p o n d i n g c e r i u m sa l t . 
I t is w h i t e , a n d inso luble . A. J . H o g b o m d i s so lved l a n t h a n u m ox ide a n d t u n g s t e n 
t r iox ide i n a fused m i x t u r e of s o d i u m ch lo r ide a n d a n excess of s o d i u m t u n g s t a t e , 
a n d o b t a i n e d c rys t a l s of s o d i u m l a n t h a n u m t u n g s t a t e , N a 8 L a 2 ( W O 4 J 7 ; if t h e s o d i u m 
chlor ide b e i n excess , c ry s t a l s of N a 0 L a 4 ( W O 4 J 9 a r e f o r m e d . A . R o g e r s a n d 
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E . F . S m i t h obse rved t h a t w h e n a di l . soln. of a m m o n i u m l a n t h a n u m t u n g s t a t e is 
t r e a t e d w i t h si lver n i t r a t e , w h i t e , inso luble s i lver l a n t h a n u m t u n g s t a t e , 5 A g 2 O . 
L a 2 O 3 . 1 6 W O 3 . 4 H 2 O , is f o r m e d ; a n d w i t h b a r i u m chlor ide , w h i t e a n d insoluble b a r i u m 
l a n t h a n u m t u n g s t a t e , 5 B a O . L a 2 0 3 . 1 6 W 0 3 . 1 6 H o O , is p r o d u c e d . F . R . M. H i t c h ­
cock p r e p a r e d p r e e s e o d y m i u m t u n g s t a t e a s a greenish-yel low ge la t inous p r e ­
c ip i t a t e o n t r e a t i n g a soln. of s o d i u m t u n g s t a t e w i th a soln. of p r a s e o d y m i u m 
chlor ide ; a n d n e o d y m i u m t u n g s t a t e -was o b t a i n e d in a s imi lar w a y a s a pa le rose -
co loured p r e c i p i t a t e w h i c h b e c o m e s v io le t af ter ign i t ion . A. R o g e r s a n d E . F . S m i t h 
p r e p a r e d a m m o n i u m p r e e s e o d y m i u m tungs ta te , 2 ( N H 4 ) 2 O . P r 2 0 3 . 1 6 W 0 3 . 1 6 H 2 0 , as 
i n t h e case of t h e c o r r e s p o n d i n g c e r i u m sal t . I t a p p e a r s as a green, t r a n s p a r e n t , 
g u m m y m a s s w h i c h is spa r ing ly soluble in w a t e r . A p ink -co lou red sa l t , 3 ( N H 4 ) 2 0 . 
N d 2 O 3 . 1 6 W O 3 . 2 0 H 2 O , w a s o b t a i n e d in a s imi lar w a y . B y t r e a t i n g t h e a m m o n i u m 
sa l t w i t h si lver n i t r a t e , g reen i sh -whi te s i lver preeseodymium tungstate* 4 A g 2 O . 
P r 2 O 3 . 1 6 W O 3 . 8 H 2 O , w a s p r e p a r e d ; a n d wi th b a r i u m chlor ide , w h i t e b a r i u m 
p r s e s e o d y m i u m t u n g s t a t e , 4 B a O - P r 2 O 3 . 1 6 W 0 3 . 7 H 2 0 , as well a s 6 B a O - P r 2 O 3 . 
1 6 W O 3 . 9 H 2 O , were o b t a i n e d . P i n k a n d insoluble b a r i u m n e o d y m i u m tungs ta te , 
6 B a O . N d 2 O 3 . 1 6 W O 3 . 1 7 H 2 O , w a s also p r e p a r e d by a d d i n g b a r i u m chlor ide t o a soln. 
of t h e a m m o n i u m sa l t . H . T r a u b e o b t a i n e d c rys t a l s of d i d y m i u m tungs ta te , 
Di 2 (WO 4 J 3 , as a s u b l i m a t e as in t h e case of c e r i u m t u n g s t a t e . T h e sa l t w a s p r e ­
p a r e d b y A. Cossa, who g a v e 6*69 for t h e s p . gr . a t 14°. A. J . H o g b o r a also r e p o r t e d 
s o d i u m d i d y m i u m t u n g s t a t e , N a 6 D i 4 ( W O 4 ) 9 , b y d issolv ing t h e ox ide in a fused 
m i x t u r e of s o d i u m t u n g s t a t e a n d ch lor ide w i t h t h e t u n g s t a t e in excess—if t h e 
chlor ide is in excess , N a 2 O . D i 2 O 3 . 4 W O 3 is fo rmed . W h e n b a r i u m m e t a t u n g s t a t e is 
t r e a t e d w i t h t h e t h e o r e t i c a l q u a n t i t y of s a m a r i u m s u l p h a t e , a n d t h e soln. e v a p o r a t e d 
over cone , s u l p h u r i c ac id , t opaz -ye l low c rys t a l s of s a m a r i u m tungs ta te , S a 2 O 3 . 
1 2 W O 3 . 3 5 H 2 O , were fo rmed—v ide infra, t h e m e t a t u n g s t a t e s ; t h e y b e c o m e o p a q u e 
w h e n e x p o s e d t o l i gh t . T h e sp . gr . is 3-992 t o 3-996 a t 18-4°. T h e sa l t is n o t 
de l iquescen t , a n d is freely soluble in w a t e r . A . J . H d g b o m p r e p a r e d s o d i u m 
s a m a r i u m t u n g s t a t e , N a 6 S a 4 ( W O 4 J 9 , f rom a soln . of s a m a r i u m ox ide in a fused 
m i x t u r e of s o d i u m t u n g s t a t e a n d a n excess of s o d i u m chlor ide ; s imi lar ly w i t h 
s o d i u m g a d o l i n i u m t u n g s t a t e , N a 6 G d 4 ( W O 4 ) r , u s ing a n excess of s o d i u m t u n g s t a t e ; 
w i t h s o d i u m e r b i u m t u n g s t a t e , N a 6 E r 4 ( W O 4 ) 9 , u s ing a n excess of s o d i u m chlor ide ; 
a n d w i t h s o d i u m y t t r i u m t u n g s t a t e , N a 8 Y 2 ( W O 4 J 7 , u s ing a n excess of sod ium 
t u n g s t a t e . B y t r e a t i n g b a r i u m m e t a t u n g s t a t e w i t h y t t e r b i u m s u l p h a t e , a n d con­
c e n t r a t i n g t h e soln. , A. Cleve o b t a i n e d y t t erb ium t u n g s t a t e , Y b 2 O 3 . 1 2 W O 4 . 3 5 H 2 O , 
i n p r i s m a t i c c rys t a l s , n o t de l iquescen t , s t ab l e in air . a n d freely soluble in w a t e r ; a n d 
b y fusing a m i x t u r e of y t t e r b i u m ox ide a n d s o d i u m t u n g s t a t e a n d chlor ide , e x t r a c t ­
i ng t h e m a s s w i t h w a t e r , t h e r e s idue c o n t a i n s a pa l e r edd i sh-grey , mic rocrys ta l l ine 
p o w d e r of y t t e r b i u m o x y t u n g s t a t e , Y b 2 O 3 - W O 3 , or ( Y b O ) 2 W O 4 ; a n d colourless, 
ac icu la r c rys t a l s of s o d i u m y t t e r b i u m t u n g s t a t e , 4 N a 2 O ^ Y b 2 O 3 J W O 3 , wh ich c a n 
b e s e p a r a t e d b y e v a p o r a t i o n . If fused w i t h s o d i u m chlor ide as flux, microscopic 
needles of inso luble 9 N a 2 O - Y b 2 O 3 . 1 2 W O 3 a p p e a r t o be fo rmed . 

T h e s i l i co tungs ta te s we re d i scussed in connec t i on w i t h t h e s i l i ca tes—6. 40, 5 0 ; 
a n d t h e titanium tungstate^ h a v e n o t been i nves t i ga t ed . O. K u l k a 9 r e p o r t e d t h a t 
if a soln. of z i r c o n i u m n i t r a t e b e p o u r e d i n t o a cold solri. of a m m o n i u m m e t a ­
t u n g s t a t e , a n d t h e ge l a t i nous p r e c i p i t a t e b e w a s h e d b y suc t i on w i t h h o t wa te r , 
a n d dr ied , t h e p r o d u c t h a s t h e compos i t i on z i r c o n i u m tungs ta te , 5 Z r 0 2 - 9 W 0 3 . 
3 3 H 2 O ; if s o d i u m p a r a t u n g s t a t e b e e m p l o y e d , t h e d r i ed p r e c i p i t a t e h a s t h e 
compos i t i on 5 Z r 0 2 . 7 W 0 3 . 2 1 H 2 0 . B o t h p r o d u c t s a r e insoluble in w a t e r ; t h e 
first is inso luble a n d t h e second is so luble i n hydroch lo r i c ac id . B o t h m a y 
b e m i x t u r e s . Xi. A. H a l l o p e a u r e p o r t e d a m m o n i u m z i r c o n i u m tungs ta te , 
3 ( N H 4 ) 2 0 . Z r O 2 . 1 0 W O 3 . 1 4 H 2 O , t o b e fo rmed b y c rys ta l l i za t ion i n v a c u o f rom a 
s y r u p y soln. of z i r c o n i u m h y d r o x i d e i n a m m o n i u m p a r a t u n g s t a t e . T h e sma l l 
p r i s m a t i c c ry s t a l s a c t s t r o n g l y on po la r ized l i gh t a n d show para l l e l ex t inc t ion . T h e y 
lose w a t e r e v e n in c o n t a c t w i t h t h e mo the r - l i quo r . T h e sa l t is freely soluble 
in w a t e r , a n d is v e r y de l iquescen t . O . K u l k a sa id t h a t soln. of n o r m a l s o d i u m 
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t u n g s t a t e , a n d of s o d i u m or a m m o n i u m m e t a t u n g s t a t e , d o n o t d issolve z i r con ium 
h y d r o x i d e . O. K u l k a r e p o r t e d p o t a s s i u m z i r c o n i u m t u n g s t a t e , K 2 O . Z r 0 2 . 2 W 0 3 . 
3 3 H 2 O , t o b e fo rmed b y boi l ing a soln. of p o t a s s i u m p a r a t u n g s t a t e -with z i r con ium 
h y d r o x i d e , a f ter s e p a r a t i n g t h e excess of p a r a t u n g s t a t e . H e r e p r e s e n t e d t h e 
c o n s t i t u t i o n K C W O 2 . 0 . Z r C O - W O 2 . O K . L . A . H a l l o p e a u f o u n d t h a t a bo i l ing 
soln. of p o t a s s i u m p a r a t u n g s t a t e d issolves z i r c o n i u m h y d r o x i d e , a n d t h e soln . 
depos i t s smal l c ry s t a l s of t h e c o m p o s i t i o n 4 K 2 O . Z r O 2 . 1 0 W O 3 . 1 5 H 2 O , a n d w h i c h 
a c t feebly on po la r ized l igh t . W h e n t h e m o t h e r - l i q u o r is c o n c e n t r a t e d in v a c u o , 
i t furnishes smal l p r i s m a t i c c rys t a l s of t h e compos i t i on 4 K 2 0 . 2 Z r O 2 . 1 0 W O 3 ^ O H 2 O , 
wh ich a c t s t r o n g l y on po la r ized l igh t , a n d s h o w e x t i n c t i o n a t 30° f rom t h e 
ax i s of e longa t ion . B o t h t h e s e c o m p o u n d s a r e a l m o s t insoluble in cold w a t e r , a r e 
c o n v e r t e d i n t o inso luble c o m p o u n d s w h e n h e a t e d , a n d y ie ld a m i x t u r e of t u n g s t a t e 
a n d z i r cona te w h e n fused w i t h a lka l i c a r b o n a t e s . I n genera l p rope r t i e s , t h e y 
r e semble t h e s i l i co tungs ta t e s ; t h e z i r c o n o d e c a t u n g s t a t e is ana logous i n c o m ­
pos i t ion t o t h e s i l i codeca tungs t a t e , e x c e p t t h a t i t c o n t a i n s a s o m e w h a t sma l l e r 
p r o p o r t i o n of w a t e r . Accord ing t o J . J . Berze l ius , a soln. of a t h o r i u m s a l t g ives 
a wh i t e , fiocculent p r e c i p i t a t e of t h o r i u m t u n g s t a t e w h e n t r e a t e d w i t h s o d i u m 
t u n g s t a t e ; a n d , acco rd ing t o W . N e r n s t , if a m o l of t h o r i a is h e a t e d w i t h 2 m o l s of 
t u n g s t e n t r i ox ide a t h o r i u m t u n g s t a t e is fo rmed . A . J . H o g b o m p r e p a r e d mic ro ­
scopic, t e t r a g o n a l c rys t a l s of s o d i u m t h o r i u m t u n g s t a t e , N a 4 T h ( W O 4 ) ^ , b y d i s ­
so lv ing t h o r i a i n a fused m i x t u r e of s o d i u m ch lor ide a n d a n excess of s o d i u m t u n g ­
s t a t e . G. N . WyroubofE sa id t h a t t h o r i a r ead i l y d issolves in m a n y ac id t u n g s t a t e s 
fo rming sa l t s of c o m p l e x ac ids . 

Accord ing t o F . d e Car l i , 1 0 w h e n a m i x t u r e of s t a n n o u s ox ide a n d t u n g s t e n 
t r i o x i d e is h e a t e d , c o m b i n a t i o n beg ins a t a b o u t 265°. E . F . A n t h o n obse rved t h a t 
s t a n n o u s t u n g s t a t e , SnWO 4 -GH 2 O, is fo rmed a s a yel low p o w d e r b y m i x i n g so ln . 
of s o d i u m t u n g s t a t e a n d s t a n n o u s ch lo r ide . H y d r o c h l o r i c ac id e x t r a c t s t h e 
s t a n n o u s ox ide , a n d t h e t u n g s t e n t r i o x i d e is a t t h e s a m e t i m e r e d u c e d t o t h e b l u e 
ox ide . T h e sa l t is inso luble in w a t e r , s lowly so luble in p h o s p h o r i c ac id , a n d so luble 
i n oxal ic ac id , a n d p o t a s h - l y e . W* !Lotz f o u n d t h a t o n m i x i n g soln. of a m m o n i u m 
p a r a t u n g s t a t e a n d a m m o n i u m c h l o r o s t a n n a t e , a w h i t e fiocculent p r e c i p i t a t e , 
p r e s u m a b l y s t a n n i c t u n g s t a t e , 9 S n 0 2 . 1 3 W 0 3 . « H 2 0 , is fo rmed . I t is so luble in a n 
excess of t h e c h l o r o s t a n n a t e , b u t n o t i n a soln. of a m m o n i u m t u n g s t a t e . I t is 
soluble in phospho r i c , oxa l i c , a n d t a r t a r i c ac ids . S. P r a k a s h a n d N . R . L>har 
f o u n d t h a t t h e viscosi t ies of a so ln . of s t a n n i c t u n g s t a t e , S n ( W O 4 J 2 - ^ H 2 O , h a v i n g 
8 c.c. of 1 -35JIf-SnCl4, 2 c.c. of w a t e r , a n d 14 c.c. of a 15 p e r cen t . soln. of s o d i u m 
t u n g s t a t e , a t 30° , a r e : 

A g e . O 90 125 168 210 245 2 8 3 m i n . 
Viscos i ty . 0*01349 0 0 1 5 7 0 0 0 1 6 4 0 0 0 1 6 9 1 0 0 1 8 0 7 0-02015 0 0 2 2 8 0 

T h e soln. se t s t o a firm, w h i t e je l ly i n 10 h r s . Gr. v o n K n o r r e t r e a t e d a m o l t e n 
m i x t u r e of a m o l of l i t h i u m ox ide a n d 2 m o l s of t u n g s t e n t r i o x i d e w i t h t i n , a n d 
o b t a i n e d , p r e s u m a b l y , l i t h i u m s t a n n i c t u n g s t a t e , 2 L i 2 O . S n O 2 . 6 W O 3 , a s a s tee l -grey , 
a m o r p h o u s p o w d e r . 

A. B r e i t h a u p t , 1 1 desc r ibed a m i n e r a l w h i c h h e ca l led Scheelbleispath o c c u r r i n g 
a t Z innwa ld , B o h e m i a , a n d a t Ble iberg , C a r i n t h i a . F . S. B e u d a n t ca l led i t Scheeli-
tine ; a n d W . H a i d i n g e r , s to lz i t e—afte r D r . S to lz of Tep l i t z w h o first d r e w a t t e n t i o n 
t o t h e m i n e r a l . T h e s a m e m i n e r a l occur s i n C o q u i m b o , Chili ; a t S o u t h a m p t o n , a n d 
Loudv i l l e , M a s s a c h u s e t t s ; M a r i a n n a d e I t a c o l u m i , B r a z i l ; B e n a e P a d r u , S a r d i n i a ; 
a n d t h e B r o k e n H i l l Mines , N e w S o u t h W a l e s . Ana lyse s of t h e m i n e r a l b y 
W . A . I i a m p a d i u s , K . H . T . K e r n d t , W . F lo r ence , C. H l a w a t s c h , a n d of art if icial 
l e a d t u n g s t a t e , P b W O 4 , b y E . F . A n t h o n , H . C. Ge rms , N . S. Manros s , a n d 
C. F r i e d h e i m a r e i n a g r e e m e n t . E . J . C h a p m a n o b t a i n e d a v a r i e t y f rom C o q u i m b o 
c o n t a i n i n g 6-37 p e r cen t , of ca lc ium, (Ca ,Pb) W O 4 . A n o t h e r m i n e r a l ca l led r a s p i t e — 
after Mr . R a s p , t h e d i scovere r of t h e B r o k e n H i l l M i n e s — w a s desc r ibed b y 
C. H l a w a t s c h . I t occurs a t t h e B r o k e n H i l l Mines , N . S . W . , a n d is a lso a n o r m a l 
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l e ad t u n g s t a t e , or poss ib ly Pb 2 (WO 4 )S—ki r t s to lz i te occurs i n t e t r a g o n a l c ry s t a l s , 
r a s p i t e in monoc l in ic c rys t a l s . A m i x e d m o l y b d a t e a n d t u n g s t a t e , P b ( W 5 M o ) O 4 , 
b e t w e e n s to lz i te a n d wulfeni te f rom Chil lagoe, Queens land , w a s cal led cfaillagite b y 
A. T . U l l m a n n , a n d C. D . S m i t h a n d L*. A. C o t t o n . J . C. I I . M i n g a y e r e p o r t e d 
some ana lyses . F . K r a n t z cal led i t lyonite or lionite af ter D . L y o n . 

F . d e Carl i sa id t h a t m i x t u r e s of l e ad ox ide a n d t u n g s t e n t r i o x i d e b e g i n t o r e a c t 
a t 210° ; G. T a m m a n n o b s e r v e d a h u m p on t h e h e a t i n g c u r v e b e t w e e n 480° a n d 
700° ; a n d D . Balaref i s a id t h a t t h e m a x i m u m effect occurs a t a b o u t 700° . W . J a n d e r 
sa id t h a t t h e r e a c t i o n w i t h l e ad ox ide a n d t u n g s t e n t r i ox ide beg ins a t 480° . 
F . F . A n t h o n , J . B r o w n , a n d E . F . S m i t h a n d R . H . B r a d b u r y o b t a i n e d lead 
t u n g s t a t e a s a w h i t e , f locculent p r e c i p i t a t e b y t r e a t i n g a soln. of a l ead sa l t w i t h a 
soln. of p o t a s s i u m t u n g s t a t e ; C. F r i e d h e i m m i x e d l e ad a c e t a t e a n d m e t a t u n g s t i c 
ac id i n d i l . soln . ; F . M. J a g e r a n d H . C. G e r m s t r e a t e d w i t h l ead a c e t a t e a soln. 
of s o d i u m t u n g s t a t e , or a boi l ing , a m m o n i a c a l soln. of t u n g s t i c ac id m i x e d w i t h 
ace t i c ac id . W . L o t z m i x e d h o t cone . soln . of lead a c e t a t e or n i t r a t e a n d a m m o n i u m 
m e t a t u n g s t a t e , a n d o n cooling, f o u n d t h a t t h e l iqu id solidified t o a c rys t a l m a g m a , 
wh ich w a s soluble in m u c h w a t e r , a n d f rom t h i s soln. , o n s p o n t a n e o u s e v a p o r a t i o n , 
c ry s t a l s of l ead m e t a t u n g s t a t e were fo rmed . E . F . S m i t h fi l tered a soln. of t h e 
c r y s t a l m a g m a a t r o o m t e m p . , a n d e v a p o r a t e d i t o n a n i ron p l a t e over a smal l 
flame. As t h e l i qu id b e c a m e ho t , i t b e c a m e t u r b i d a n d finally depos i t ed a dense , 
w h i t e , inso luble p o w d e r . T h i s w h i t e p o w d e r h a d a c o m p o s i t i o n of t h e hevnipenta-
7tydrale9 P b W O 4 . 2 J H 2 O . N . S. Manross , a n d W . Meyerhoffer m e l t e d a m i x t u r e of 
s o d i u m t u n g s t a t e a n d l e a d ch lor ide ; a n d L . Michel , a m i x t u r e of s o d i u m t u n g s t a t e , 
l e ad chlor ide , a n d s o d i u m ch lor ide i n a c ruc ib le l ined w i t h magnes i a . T h e cold 
p r o d u c t w a s l i x iv i a t ed w i t h w a t e r . Li. Michel a lso u s e d l ead s u l p h a t e in p lace of 
t h e ch lor ide . T h e c r y s t a l s fo rmed b y t h e fusion processes co r r e spond w i t h t h o s e 
of s to lz i te . E . Z e t t n o w f o u n d t h a t a m o r p h o u s l ead t u n g s t a t e b e c o m e s c rys ta l l ine 
w h e n fused w i t h s o d i u m t u n g s t a t e ; a n d H . T r a u b e t h a t l ead t u n g s t a t e m a y b e 
o b t a i n e d a s a c rys ta l l ine s u b l i m a t e b y h e a t i n g i t m i x e d w i t h s o d i u m a n d p o t a s s i u m 
chlor ides , t o a h i g h t e m p . 

T h e m i n e r a l s to lz i te occurs in green , ye l lowish-grey , b r o w n , a n d r e d masses 
of c ry s t a l s i n d i s t i n c t l y a g g r e g a t e d . T h e art if icial p r e p a r a t i o n is colourless . 
Acco rd ing t o K . H . T . K e r n d t , t h e c rys t a l s a r e t e t r a g o n a l w i t h p y r a m i d a l h e m i -
h e d r i s m . T h e ax i a l r a t i o a : c=l : 1-5667 ; C. H l a w a t s c h g a v e 1 : 1*5606. T h e 
h a b i t is a c u t e o c t a h e d r a l , a n d t h e c ry s t a l s m a y fo rm p l a t e s or p y r a m i d s . T h e 
(0Ol)- a n d (111) -changes a r e imper fec t . C. H l a w a t s c h , a n d W . F lo rence e x a m i n e d 
t h e cor ros ion figures. T h e op t i ca l c h a r a c t e r is n e g a t i v e . T h e c rys t a l s of s to lz i te 
we re desc r ibed b y A. L e v y , F . v o n Kobe l l , B . K . E m e r s o n , E . Ar t i n i , D . L o v i s a t o , 
E . H u s s a k , F . C. N a u m a n n , e t c . C. H l a w a t s c h obse rved t h a t r a s p i t e fo rms m o n o -
clinic p r i s m s w i t h t h e a x i a l r a t i o s a : b : c = 1-3363 : 1 : 1-1112, a n d / ? = 1 0 7 ° 4 1 ' ; 
a n d w i t h a n o t h e r s p e c i m e n 1 - 3 4 4 9 7 : 1 : 1 - 1 1 4 6 8 , a n d £ = 7 2 ° 2 3 ' . T h e (100)-
c l eavage is c o m p l e t e . A c c o r d i n g t o E . S. L a r s e n , t h e op t i c ax i a l ang le 2 V is nea r ly 
zero ; a n d t h e op t i ca l c h a r a c t e r is pos i t ive . !L. V e g a r d a n d A. l i e f s u m found 
t h a t t h e X - r a d i o g r a m s c o r r e s p o n d e d w i t h t h e l a t t i c e p a r a m e t e r s a = 7 * 6 9 6 A., 
c = 1 2 - 0 1 0 A . , a : c = l - 1 5 6 1 ; a r a d i u s of t h e o x y g e n a t o m 1-18 A., of t h e m e t a l in 
W O 4 , 1*04 A. , a n d of t h e pos i t i ve ion , 1*17 A . T h e sp . gr . of r a sp i t e h a s n o t been 
r e p o r t e d ; t h a t of s to lz i te g iven b y K . H . T . K e r n d t is 8-1032 t o 8-1275 ; a n d for 
art if icial l e ad t u n g s t a t e , N . S. M a n r o s s gave 8-232 t o 8*238. P . Niggl i gave 8-30 
for t h e s p . gr . of s to lz i t e ; a n d 54-8 for t h e eq . vol . ; J . J . S a s l a w s k y g a v e 7-9 t o 8-1 
for t h e s p . gr . , a n d c a l c u l a t e d t h a t a c o n t r a c t i o n of 0-66 t o 0*67 occurs in t h e forma­
t i o n of l e a d t u n g s t a t e f r o m i t s e l emen t s . F . A . H e n g l e i n g a v e 54*81 for t h e mo l . 
vo l . T h e h a r d n e s s of s to lz i t e is 2-75 t o 3-0 ; a n d t h a t of. r a sp i t e is 2-5 t o 3-0. 
E . C a n e f o u n d t h e s p . h t . t o b e 0-077. F . Z a m b o n i n i g a v e 1125° for t h e m . p . of 
l e ad t u n g s t a t e ; a n d F . M. J a g e r a n d H . C. G e r m s , 1123°. T h e l a t e n t h e a t of 
fusion is s a i d t o b e smal l e r t h a n t h a t of l e ad m o l y b d a t e . D . Vor l ande r a n d 
H . H e m p e l obse rved n o s ign of a t r a n s i t i o n t e m p . , b u t F . M. J a g e r a n d H . C. G e r m s 
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found t h a t on cooling, t h e r e is a t r a n s i t i o n co r re spond ing w i t h t h e pas sage of w h a t 
t h e y call / M e a d t u n g s t a t e t o a - lead t u n g s t a t e , t h e fo rm s t ab l e a t o r d i n a r y t e m p . 
T h e r e is on ly a smal l t h e r m a l c h a n g e a t t h e t r a n s i t i o n t e m p . T h e t r a n s f o r m a t i o n 
is m o r e m a r k e d in t h e presence of l e a d s u l p h a t e , a n d i t van i shes in t h e p resence of 
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FiQ. 44. Freezing-point 
Curve PbMoO 4 -PbWO 4 . 

l ead c h r o m a t e a n d m o l y b d a t e . I n t h e s y s t e m : P b S O 4 - P b W O 4 , F ig . 42, t h e sol id 
soln. c o n t a i n i n g / 8 -PbWO 4 s e p a r a t i n g a t t h e eu tec t i c t e m p , c o n t a i n s r e spec t ive ly 
37 m o l a r pe r cen t , of s u l p h a t e , a n d 7 of t h e t u n g s t a t e . T h e eu t ec t i c is 
a t 995° co r r e spond ing wi th 51 m o l a r pe r cen t , of t u n g s t a t e . T h e c h a n g e 

C i - P b S O 4 ^ - P b S O 4 occurs a t 875°, a n d Ct-PbWO4 
^ - P b W O 4 a t 859°. T h e equ i l i b r ium d i a g r a m of 
t h e s y s t e m : P b C r O 4 - P b W O 4 is i n c o m p l e t e . T h e r e 
is a eu tec t i c a t 837°, a n d t h e l imi t ing solid soln. 
o n t h e t u n g s t a t e s ide of t h e d i a g r a m c o n t a i n s 
41 m o l a r p e r cen t , of c h r o m a t e . L e a d m o l y b d a t e 
a n d t u n g s t a t e , P ig . 4 3 , fo rm a n i sod imorphous 
series of solid soln. -with a t r a n s i t i o n t e m p , a t 
1082°. A m i x t u r e c o n t a i n i n g 75 m o l a r pe r cen t , 
of l ead m o l y b d a t e is in equ i l i b r i um a t t h i s t e m p . 
w i t h b o t h k i n d s of solid soln. I n t h e s y s t e m : 
P b O - P b W O 4 , P i g . 4 5 , t h e r e is one c o m b i n a t i o n , 
n a m e l y , l ead o x y t u n g s t a t e , or P b O . P b W O 4 , t h a t 
is P b 2 W O 5 , m e l t i n g a t 889° . T h i s c o m p o u n d 
shows n o t r a n s i t i o n t e m p , c o r r e s p o n d i n g w i t h a 

p o l y m o r p h o u s t r a n s f o r m a t i o n . T h e t r a n s i t i o n t e m p , is 877°. T h e r e a r e eu tec t i c s 
a t 722° co r re spond ing w i t h 82-5° m o l a r p e r cen t . P b O , a n d one a t 882° co r r e spond ­
ing w i t h 46 m o l a r p e r cen t . P b O . F . Z a m b o n i n i s t u d i e d t h e f.p. of t h e s y s t e m 
Ce 2 (W0 4 ) 3 —PbWO 4 , a n d found for t h e fol lowing p e r c e n t a g e p r o p o r t i o n s of l ead 
t u n g s t a t e ; 
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G. T a m m a n n gave for t h e h e a t of f o r m a t i o n ( P b O , W O 3 ) = 4 5 - 4 CaIs. W . F l o r e n c e 
f o u n d t h e indices of re f rac t ion of s to lz i te t o b e a>=2*2685, a n d e = 2 - 1 8 2 for N a -
l i g h t ; a n d C. H l a w a t s c h , o>=2-2685 , a n d €==2-182. T h e i n d e x of re f rac t ion of 
r a s p i t e a p p r o x i m a t e s 2*6 ; a n d B . S . L a r s e n g a v e <x=2*27, / 3 = 2 - 2 7 , a n d y = 2 - 3 0 , 
E . W a r t m a n n found s to lz i te is a n o n - c o n d u c t o r of e lec t r ic i ty . Acco rd ing t o 

809 
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EJ. F . A n t h o n , l ead t u n g s t a t e is insoluble in w a t e r a n d in cold n i t r i c acid, b u t i t is 
soluble in po ta sh - lye . E . F . S m i t h a n d K. H . B r a d b u r y sa id t h a t l ead t u n g s t a t e 
is insoluble in a soln. of a m m o n i u m n i t r a t e , a n d t h e presence of t h i s sa l t fac i l i ta tes 
t h e n i t r a t i o n of lead t u n g s t a t e f rom i t s mo the r - l i quo r . L . K a h l e n b e r g a n d 
W. J . T r a u t m a n n found t h a t sil icon r educes lead t u n g s t a t e w i t h difficulty fo rming 
no free m e t a l or silicide. 

T h e arsenic tungstates a n d t h e a r s e n a t o - t u n g s t a t e s h a v e b e e n p rev ious ly d i s ­
cussed, 9 . 5 1 , 22 ; a n d t h e antimony tungstates, a n d t h e antimonatotung states, 9 . 52 , 
14. E . F . S m i t h a n d R . H . B r a d b u r y 1 2 o b t a i n e d insoluble b i s m u t h t u n g s t a t e , 
p r e s u m a b l y B i 2 ( W O 4 ) 3 , b y doub le decompos i t i on b y m i x i n g soln. of s o d i u m t u n g ­
s t a t e a n d b i s m u t h n i t r a t e . F . Z a m b o n i n i found t h a t n o r m a l b i s m u t h t u n g s t a t e 
is r e a d i l y o b t a i n e d b y fusing a n i n t i m a t e m i x t u r e of b i s m u t h a n d t u n g s t e n t r i ox ides 
in t h e t h e o r e t i c a l p r o p o r t i o n s , a n d a l lowing t h e m a s s t o cool slowly. T h e p r o d u c t 
c o n t a i n e d some monoc l in ic c r y s t a l s w i t h t h e ax ia l r a t i o s a : b : c = 1*006 : 1 : 1-52O, 
a n d / ? = 9 0 ° 3 4 ' . If t h e monoc l in ic c rys t a l s a r e h e a t e d w i t h a n excess of s o d i u m 
chlor ide for 3 h r s . a t 900° t o 1000°, a n d l i x iv i a t ed w i t h wa te r , t h e res idue c o n t a i n s 
t e t r a g o n a l , b i p y r a m i d a l c rys t a l s w i t h t h e ax ia l r a t i o a : c = l : 1-566. T h e t e t r a g o n a l 
c ry s t a l s co r r e spond perfec t ly w i t h t h e t e t r a g o n a l p h a s e b o t h of t h e n o r m a l m o l y b -
d a t e s a n d t u n g s t a t e s of t h e e l e m e n t s of t h e y t t r i u m a n d ce r ium g roup , as well 
a s of t h o s e of t h e i somorphogen ic e l e m e n t s of t h e c a l c i u m - s t r o n t i u m - b a r i u m - l e a d 
g r o u p , t h e v a l u e of a : c in t h e s e c o m p o u n d s v a r y i n g f rom 1 : 1*542 t o 1 : 1*623. 
T h e monocl in ic fo rm is d i s t i nc t l y p s e u d o - t e t r a g o n a l , 
t h e ax i a l r a t i o s differing b u t l i t t le f rom 1 : 1 : 1-566 
a n d t h e v a l u e of /3 b u t l i t t l e f rom 90° . Th i s m o n o ­
clinic fo rm exh ib i t s u n d e n i a b l e c rys ta l lograph ic re ­
semblances t o r a sp i t e , t h e monoc l in ic form of l ead 
t u n g s t a t e , b u t t h e t e t r a g o n a l b i s m u t h t u n g s t a t e 
shows far closer r e semb lances t o s to lz i te , t h e t e t r a ­
gona l f o rm of l ead t u n g s t a t e . T h e sp . gr. of t h e 
monoc l in ic c ry s t a l s is 8*24 a t 7-5°, a n d t h e m . p . 
is 832° . T h e f .p. c u r v e of t h e b i n a r y s y s t e m : 
P b W O 4 - B i 2 ( W O 4 ) S is s h o w n in F i g . 46 . T h e c u r v e 
is cha r ac t e r i s t i c of b i n a r y m i x t u r e s , e i the r fo rming 
n o solid soln. or e x h i b i t i n g e x t r e m e l y l imi t ed m u t u a l 
so lub i l i ty i n t h e solid s t a t e . T h e c rys ta l l i za t ion 
c u r v e first falls r a p i d l y from 1130° t o a eu tec t i c p o i n t 
a t a b o u t 813° , co r r e spond ing w i t h a b o u t 73 m o l a r 
p e r c en t , of B i 2 (WO 4 J 3 , a n d t h e n r ises d i r ec t ly t o 832°. Accord ing t o C. W . B a l k e 
and E. F . Smith, ammonium bismuth tungstate, 3(NH 4) 20.2Bi 20 3 . l IWO 3-IOH 2O, 
is p r o d u c e d b y boi l ing b i s m u t h h y d r o x i d e w i t h a soln. of a m m o n i u m p a r a t u n g s t a t e 
for a b o u t t w o d a y s , filtering t h e yel low l iquid, a n d a l lowing i t t o cool. T h e oil 
of sp . gr . 3-6 w h i c h s e p a r a t e s dr ies t o a t r a n s p a r e n t , yel low, v i t r eous mass . N o 
p r e c i p i t a t e w a s p r o d u c e d on s t r o n g l y d i lu t ing t h e soln. of t h i s sa l t w i t h w a t e r . 
A m m o n i u m h y d r o x i d e c a u s e d n o c h a n g e in i t s cold dil . soln. , b u t , w h e n t h e l a t t e r 
w a s boi led i n t h e p resence of a m m o n i a , a copious w h i t e p r e c i p i t a t e s epa ra t ed . 
N i t r i c ac id c a u s e d n o c h a n g e in t h e boil ing dil . soln. of t h e sa l t , b u t in cone. soln. 
p r e c i p i t a t i o n occu r r ed o n t h e a d d i t i o n of cone , n i t r i c ac id . T h e a d d i t i o n of a large 
vo l . of h o t w a t e r a g a i n effected soln. H y d r o c h l o r i c ac id occasioned n o change in 
cold o r h o t dil . soln. , whi le t u n g s t i c ac id s e p a r a t e d on boi l ing w i t h cone, h y d r o ­
chlor ic ac id . T h e co r re spond ing p o t a s s i u m b i s m u t h tungs ta te , 3 K 2 0 . 2 B i 2 O 3 . 
1 1 W O 3 . 1 5 H 2 O , fo rms a yel low oil wh ich dr ies t o a t r a n s p a r e n t , pa le yellow, v i t r eous 
m a s s ; a n d s t r o n t i u m b i s m u t h tungs ta te , S r O . 2 B i 2 O 3 - I I W O 3 - I l H 2 O , a p p e a r s as 
a ye l low oil w h i c h solidifies t o a wax- l ike m a s s , a n d w h e n d r i ed a t 100°, forms a h a r d , 
yel low, insoluble , v i t r e o u s m a s s . W h e n m e r c u r o u s n i t r a t e is a d d e d t o a soln. of 
the ammonium salt, mercurous bismuth tungstate is formed as a yellowish-
white precipitate. The complex vanadatotungstates have been previously discussed, 
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9. 54 , 14. E . F . S m i t h 1 3 f ound t h a t c o m p l e x t u n g s t a t e s a r e fo rmed w i t h co lumbic 
a n d t a n t a l i c oxides w i t h t u n g s t e n t r i o x i d e . 

J . L e f o r t 1 4 o b t a i n e d a d a r k g reen p r e c i p i t a t e of c h r o m i u m t u n g s t a t e , 
Cr 2 (WO 4 J 3 . 3H 2 O, b y a d d i n g a soln. of s o d i u m d i t u n g s t a t e t o one of c h r o m e a l u m ; 
a n d W . L o t z o b t a i n e d Cr 2 (WO 4J 3 -SOH 2O from soln. of n o r m a l s o d i u m t u n g s t a t e 
a n d ch romic chlor ide . T h e pa le g reen p r e c i p i t a t e is soluble in a n excess of t h e 
soln. of ch romic chlor ide , a n d in phospho r i c , oxal ic , a n d t a r t a r i c ac ids . I t loses 
21-27 p e r cen t , or 13 mols . of w a t e r w h e n d r i ed over ca l c ium chlor ide a t 100° a n d 
7 m o r e mols . , or 12-19 p e r cen t . , w h e n ca lc ined a t r e d - h e a t . T h e colour is t h e n 
yel lowish-grey. S. P r a k a s h a n d N . R . D h a r p r e p a r e d hyd roge l s of c h r o m i c t u n g ­
s t a t e . J . L,efort o b t a i n e d c h r o m i u m oxy tungs ta te , C r 2 O(WO 4 J 2 -SH 2 O, o r C r 2 O 3 . 
2 W O 3 . 5 H 2 O , b y p o u r i n g a soln. of c h r o m i c a c e t a t e i n t o a sma l l excess of a so ln . 
of s o d i u m t u n g s t a t e (1 : 10). T h e green , p a l e b lue , o r v io le t p r e c i p i t a t e d r ies t o 
a g reen a m o r p h o u s p o w d e r , wh ich af ter ign i t ion is b r o w n . 100 p a r t s of w a t e r 
dissolve 0-25 p a r t of t h e sa l t a t 15°. B y m i x i n g v e r y cone . soln. of eq . p r o p o r t i o n s 
of c h r o m i c a c e t a t e a n d s o d i u m d i t u n g s t a t e , a n d p o u r i n g in a lcohol , a d i r t y g reen 
p r e c i p i t a t e of c h r o m i u m te tratungstate , C r 2 O 3 . 4 W O 3 . 6 H 2 O , is f o r m e d wh ich fur­
n i shes c rys ta l l ine p l a t e s . 100 p a r t s of w a t e r a t 15° dissolve t w o p a r t s of t h e sa l t . 
Accord ing t o W . K a n t s c h e U , a w a r m m i x t u r e of soln. of p a r a t u n g s t a t e a n d a 
ch romic s a l t c o n t a i n c o m p l e x c h r o m i t u n g s t a t e s . H e cons ide rs t h a t t h e different 
ac id t u n g s t a t e s which h a v e been r e p o r t e d a r e e i t he r p a r a t u n g s t a t e s or m i x t u r e s 
of t h e p a r a - a n d m e t a - t u n g s t a t e s . 

Accord ing t o J . J . Berze l ius , 1 5 w h e n a m m o n i u m t u n g s t a t e is m i x e d w i t h a 
hydroch lo r i c ac id soln. of m o l y b d e n u m dioxide , a d e e p p u r p l e - r e d co lour a p p e a r s , 
f rom which , if c o n c e n t r a t e d , a m m o n i u m chlor ide p r e c i p i t a t e s a r e d m o l y b d e n u m 
tungs ta te , a n d t h e m o t h e r - l i q u o r r e t a i n s a pa l e yel low colour . T h e p r e c i p i t a t e i s 
w a s h e d w i t h w a t e r c o n t a i n i n g a m m o n i u m chlor ide , a n d t h e n "with a lcohol of sp . gr . 
0-87. I t is t h e n dr ied a t a gen t l e h e a t . T h e d a r k p u r p l e p r o d u c t is s t ab l e in a i r , 
a n d is freely soluble in w a t e r . T h e d i l . a q . soln. g r a d u a l l y b e c o m e s colour less on 
e x p o s u r e t o air owing t o t h e f o r m a t i o n of a t u n g s t a t e of m o l y b d e n u m t r i o x i d e . 
A n a q . soln. of t h e pu rp l e - co lou red sa l t is decolor ized b y a m m o n i a , a n d i t t h e n 
depos i t s , on s t a n d i n g , a wh i t e , p o w d e r e d a m m o n i u m m o l y b d e n u m t u n g s t a t e 
which is insoluble in w a t e r , a n d f rom w h i c h soda- lye s e p a r a t e s m o l y b d e n u m 
d iox ide . Severa l of t h e b lue ox ides of t u n g s t e n h a v e b e e n r e g a r d e d a s t u n g s t e n 
tungstates, thus, W 5 O 3 4 c a n b e r e p r e s e n t e d ( W v O ) 2 . ( W V I 0 4 ) 3 , e t c . 

I i . F e r n a n d e s n e u t r a l i z e d soln. c o n t a i n i n g s to i ch iome t r i ca l p r o p o r t i o n s of a 
m o l y b d a t e a n d a t u n g s t a t e b y t h e a d d i t i o n of ace t ic acid , fol lowed b y c rys ta l l i za ­
t i o n ; b y t h e a d d i t i o n of m o l y b d e n u m t o a boi l ing soln. of a t u n g s t a t e ; a n d b y m i x ­
ing soln. of a p o l y m o l y b d a t e a n d a p o l y t u n g s t a t e . T h e r e were t h u s o b t a i n e d p o t a s ­
s i u m te tramolybdatodi tungstate , 2 K 2 0 . 4 M o 0 3 . 2 W O 3 . 1 2 H 2 0 , a n d f rom t h e loss of 
w a t e r on hea t ing , t h e co -o rd ina t ion f o r m u l a is t a k e n t o b e K 4 H 6 [ H 2 ( W O 4 J 2 ( M o O 4 J 4 ] . 
8 H 2 O , p o t a s s i u m tr imolybdatodi tungstate , 2 K 2 O . 3 M o O 3 . 2 W O 3 . 1 0 H 2 O ; p o t a s s i u m 
tr imolybdatotr i tungstate , 3 K 2 0 . 3 M o 0 3 . 3 W 0 8 . 9 H 2 0 , enneahydrate a s well a s t h e 
trihydrate; p o t a s s i u m m o l y b d a t o p e n t a t u n g s t a t e , 3 K 2 O . M o 0 3 . 5 W 0 3 . 5 H 2 0 ; p o t a s ­
s i u m molybdatotr i tungstate , 2 K 2 O . M o 0 3 . 3 W 0 3 . 4 : H 2 0 ; p o t a s s i u m d i m o l y b d a t o -
te tra tungs ta te , 3 K 2 0 . 2 M o 0 3 . 4 W 0 3 . l l H 2 0 , o r K e H 4 [ H 2 ( M o 0 4 ) 2 < W 0 4 ) 4 ] . 8 H 2 0 ; 
p o t a s s i u m n i c k e l d imolybdatote tratungsta te , K 6 H 4 [ N i ( M o 0 4 ) 2 ( W 0 4 ) 4 ] . w H 2 0 , w a s 
a lso p r e p a r e d ; p o t a s s i u m m o l y b d a t o d e c a t u n g s t a t e , 5 K 2 O . M o O 3 . 1 0 W O 3 . 1 2 H 2 O ; 
a n d p o t a s s i u m molybdatote tra tungs ta te , 2 K 2 O . M o 0 3 . 4 W 0 3 . 9 H 2 0 , or 

K 4 I -H 2 (Mo2O7)H2 I K 4 , _ 
H*L<W04)4 ( W O 4 ) J H 8 " ^ * 0 

T h e a d d i t i o n of cone , hyd roch lo r i c ac id t o c o n e . a q . soln . of t h e s e s a l t s r e s u l t s i n 
t h e p r e c i p i t a t i o n of t h e free m o l y b d a t o t u n g s t i c a c i d s a s wh i t e , a m o r p h o u s p o w d e r s , 
a n d r e p e a t e d t r e a t m e n t w i t h h y d r o c h l o r i c ac id fails t o effect a s e p a r a t i o n of t h e 
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t w o ac ids . B a r i u m sa l t s g ive wh i t e , spa r ing ly soluble , mic roc rys ta l l ine p r e c i p i t a t e s 
w h e n a d d e d t o so ln . of t h e m o l y b d a t o t u n g s t a t e s ; a n d b y t h e a d d i t i o n of a so luble 
g u a n i d i n e sa l t t o a boi l ing soln . of t h e a lka l i m o l y b d a t o t u n g s t a t e a series of g u a n i d i n e 
d e r i v a t i v e s w a s o b t a i n e d . 

J . J . Berze l ius o b s e r v e d t h a t a pa le yel low p r e c i p i t a t e of u r a n y l tungstate* 
TJO 2 WO 4 , is f o r m e d w h e n a soln. of a u r a n y l sa l t is t r e a t e d w i t h a so luble t u n g s t a t e . 
J . Le fo r t o b t a i n e d t h i s s a l t f rom soln . of u r a n i u m a c e t a t e a n d s o d i u m t u n g s t a t e . 
T h e s a l t is inso luble i n w a t e r , b u t so luble in s t r o n g ac ids , a n d in a so ln . of a m m o n i u m 
c a r b o n a t e . J . Le fo r t o b t a i n e d u r a n i u m t u n g s t a t e , T J ( W 0 4 ) 3 . 5 H 2 0 , a s a ye l low 
p r e c i p i t a t e b y t r e a t i n g u r a n y l a c e t a t e w i t h s o d i u m d i t u n g s t a t e ; if n o r m a l s o d i u m 
t u n g s t a t e is e m p l o y e d , t h e dihydrate^ U O 2 ( W O 4 ) ^ H 2 O , is fo rmed as a ye l low 
a m o r p h o u s p r e c i p i t a t e , s p a r i n g l y soluble i n w a t e r . O. W . G ibbs d isso lved u r a n i u m 
t r i o x i d e i n di l . s u l p h u r i c ac id , t r e a t e d t h e soln. w i t h z inc, a n d t h e n t r e a t e d 
t h e inso luble , g rey i sh -g reen p o w d e r w i t h a soln. of s o d i u m p a r a t u n g s t a t e , d a r k 
o l ive-green c r y s t a l s of s o d i u m u r a n i u m t u n g s t a t e , 1 2 N a 2 0 . 6 I J O 2 . 8 W 0 3 . 2 5 H 2 0 5 
w e r e f o r m e d . T h i s is d e c o m p o s e d b y n i t r i c ac id , a n d b y boi l ing soda- lye . 
O. W . G i b b s p r e p a r e d p o t a s s i u m u r a n i u m t u n g s t a t e , 9 K 2 0 . 6 U 0 2 . 8 W 0 3 . 3 4 H 2 0 , in 
a s imi la r w a y . I t is inso luble in h o t w a t e r a n d h y d r o c h l o r i c ac id ; a n d i t p r e ­
c i p i t a t e s s i lver a n d m e r c u r y sa l t s f rom soln. of t h e i r n i t r a t e s ; a n d i t u n d e r g o e s 
d o u b l e d e c o m p o s i t i o n w i t h c a l c i u m a n d b a r i u m chlor ides . A m m o n i u m u r a n i u m 
t u n g s t a t e w a s s imi la r ly p r e p a r e d . 

E . F . A n t h o n 1 6 t r e a t e d a soln. of a m a n g a n o u s s a l t w i t h n o r m a l s o d i u m t u n g s t a t e 
a n d o b t a i n e d a g r ey i sh -wh i t e p o w d e r of m a n g a n o u s t u n g s t a t e , M n W O 4 . 2 H 2 O . 
W h e n t h e dihydrate is i g n i t e d i t loses i t s w a t e r a n d b e c o m e s p a l e yel low, a n d 
finally m e l t s . T h e d i h y d r a t e is n o t so luble i n co ld h y d r o c h l o r i c ac id , b u t i t is 
so luble in w a r m p h o s p h o r i c o r oxa l ic ac id , a n d less soluble in boi l ing ace t ic ac id . 
P o t a s h - l y e e x t r a c t s t h e t u n g s t e n a s t r i o x i d e f rom t h e d i h y d r a t e . A. G e u t h e r a n d 
E . F o r s b e r g m e l t e d a m i x t u r e of s o d i u m t u n g s t a t e , m a n g a n o u s chlor ide , a n d s o d i u m 
chlor ide (1 : 2 : 2) in a cove red c ruc ib le l ined w i t h m a g n e s i a ; e x t r a c t e d t h e cold m a s s 
w i t h w a t e r ; a n d o b t a i n e d p a l e b r o w n c rys t a l s of t h e a n h y d r o u s sa l t M n W O 4 . 
E . Z e t t n o w sa id t h a t if a n excess of m a n g a n o u s ch lor ide b e e m p l o y e d , b rown i sh -
ye l low need les a r e fo rmed , a n d w i t h a n excess of s o d i u m t u n g s t a t e , a d i r t y c a n a r y -
ye l low c rys t a l l ine p o w d e r ; a n d A. G e u t h e r a n d E . F o s b e r g o b t a i n e d d i r t y yel lowish-
g r e e n need les b y us ing a n excess of s o d i u m chlor ide ( 5 : 1 : 16). T h e b r o w n c rys t a l s 
fo rm a c a n a r y - y e l l o w p o w d e r of sp . gr . 6-7. E . K . B roch , a n d P . G r o t h a n d A. A r z r u n i 
f o u n d t h a t t h e c r y s t a l s a r e monoc l in ic w i t h t h e ax ia l r a t i o a :b : c = 0 - 8 3 1 5 : 1 : 0-8651, 
a n d /3—&9Q 3 8 ' . E . K . B r o c h c a l c u l a t e d f rom t h e X - r a d i o g r a m s , t h e l a t t i c e 
c o n s t a n t s a = 4 * 8 4 A. , 6 = 5 - 7 6 A. , a n d c—4.-97 A . ; t h e ax ia l r a t i o s a : b : c 
= 0 - 8 4 1 : 1 : 0-863, a n d yS=89° 7 ' ; w i t h t h e ca l cu l a t ed d e n s i t y 7-18. T w i n n i n g 
occurs a b o u t t h e ( lOO)-plane. F o r n a t u r a l c rys t a l s , vide infra. W . J a n d e r found 
t h e e lec t r ica l c o n d u c t i v i t y of t h e s a l t t o be a b o u t 3000 X 10"~6 a t 970° ; a n d he cal­
c u l a t e d v a l u e s for t h e diffusion coeff. W . J a n d e r s t u d i e d t h e a c t i o n of m a g n e s i u m 
ox ide o n m a n g a n e s e t u n g s t a t e . A. R o g e r s a n d E . E . S m i t h p r e p a r e d r ed c ry s t a l s of 
a m m o n i u m m a n g a n i c tungs ta te , 4 ( N H 4 J 2 O - M n 2 O 3 ^ W O 3 . 2 3 H 2 O , b y boi l ing a n a q . 
soln . of a m m o n i u m p a r a t u n g s t a t e w i t h m a n g a n i c h y d r o x i d e a n d e v a p o r a t i n g t h e 
c lear l iqu id . A . R o s e n h e i m a n d H . Schwer r e p r e s e n t e d i t (NH 4 J 4 H 5 [Mn(WO 4 )G] . 
9 H 2 O . A c c o r d i n g t o A . J u s t , w h e n a soln. of m a n g a n o u s s u l p h a t e is a d d e d t o a 
boi l ing soln . of s o d i u m t u n g s t a t e , m a n g a n o u s t u n g s t a t e is p r ec ip i t a t ed . Sod ium 
p e r s u l p h a t e is n o w a d d e d , a n d t h e soln. is boi led for 15 mins . , t h e v o l u m e being 
k e p t c o n s t a n t . T h e d a r k r e d soln. is fi l tered f rom a sma l l q u a n t i t y of m a n g a n e s e 
d iox ide , a n d , a f te r a t i m e , r e d c rys t a l s of s o d i u m p e r m a n g a n i c tungstate , 3 N a 2 O . 
5 W 0 3 . M n 0 2 . 1 8 H 2 0 , t h e co lour of p o t a s s i u m d i c h r o m a t e , s e p a r a t e . The sa l t m a y 
b e r e g a r d e d a s a d o u b l e s a l t of s o d i u m m a n g a n i c t e t r a t u n g s t a t e a n d sod ium t u n g ­
s t a t e , M n ( N a W O 4 J 4 - N a 2 W O 4 ; or i t m a y be r e p r e s e n t e d acco rd ing t o A. R o s e n h e i m 
a n d H . S c h w e r ' s fo rmula N a 6 H 2 [ M n O ( W O 4 ) S ] . 1 7 H 2 O . Soln. of t h e sa l t decompose 
s lowly i n t h e cold, r a p i d l y on h e a t i n g , w i t h depos i t ion of m a n g a n e s e d iox ide 
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i t can , however , be crys ta l l ized f rom soln. of sod ium t u n g s t a t e . Mos t me ta l l i c 
sa l t -soln . y ie ld p rec ip i t a t e s . 

A s ind ica t ed in connec t ion w i t h t h e h i s t o r y of t u n g s t e n , t h e m i n e r a l wolf rain 
or wo l framite was shown b y J . J . a n d F . d e E l h u y a r 1 7 t o b e a t u n g s t a t e of i ron a n d 
m a n g a n e s e . E . R i o t t e , a n d H . Credner cal led t h e mine ra l h i ibneri te w h e n t h e 
m a n g a n e s e largely p r e d o m i n a t e s , M n W O 4 , a n d A. W e i s b a c h cal led i t mangano-
wolframite. A. R r e i t h a u p t descr ibed a m a n g a n e s e wol f rami te a s megabasite, b u t 
C. F . R a m m e l s b e r g showed t h a t ib is a v a r i e t y of h i ibner i t e , a n d s imi lar r e m a r k s 
a p p l y t o t h e b l u m i t e of K . L . T . I a e b e . A nea r ly p u r e ferrous tungs ta te , F e W O 4 , 
was descr ibed b y K . L . T . Liiebe u n d e r t h e n a m e ferberite—after R . Ferber—-
A. Wei sbach cal led it ferrowolframite. T h e mine ra l reinite—named af ter J . J . R e i n 
— a n d descr ibed b y K . v o n F r i t s c h , a n d O. L u e d e c k e as a t e t r a g o n a l fer rous t u n g ­
s t a t e , is n o w r e g a r d e d as a p s e u d o m o r p h af ter scheel i te . F . L . H e s s showed t h a t 
t h e r e is a family g r o u p of minera l s wh ich c a n be g r o u p e d a s wol f rami tes w i t h 
h i ibner i t e , M n W O 4 , and ferber i te , F e W O 4 , a s e n d - m e m b e r s a n d w i t h a n indef ini te ly 
la rge n u m b e r of i n t e r m e d i a t e m a n g a n o u s ferrous t u n g s t a t e s . F o r t h e p u r p o s e s 
of classification, h e sugges ted t h a t h i ibner i t e shou ld be cons idered conven t iona l l y 
a s m a n g a n o u s t u n g s t a t e c o n t a m i n a t e d b y n o t m o r e t h a n 2O p e r cen t , of fe r rous 
t u n g s t a t e ; ferber i te , a s ferrous t u n g s t a t e c o n t a m i n a t e d b y n o t m o r e t h a n 20 p e r 
cent , of m a n g a n o u s t u n g s t a t e ; a n d wol f rami te shou ld c o m e b e t w e e n t h e s e l imi t s , 
be ing a m i x t u r e of ferrous a n d m a n g a n o u s t u n g s t a t e s c o n t a i n i n g n o t less t h a n 2O 
pe r cent , a n d n o t m o r e t h a n 80 pe r cent , of e i ther . E . T . W h e r r y p r o p o s e d 
a n o t h e r a r b i t r a r y s y s t e m b a s e d on t h e r a t i o M n : F e . If g r e a t e r t h a n 7 : 1 , h e 
cal led t h e m permanganowolframites ; if b e t w e e n 7 : 1 a n d 5 : 3 ,domanganowolframites ; 
if be tween 5 : 3 a n d 3 : 5, ferromanganowolframites ; if b e t w e e n 3 : 5 a n d 1 : 7 , 
ferrowolframites ; a n d if less t h a n 1 : 7 , perferr otvolframites. W h y n o t use t h e t e r m 
5 : 3-wolframite , a n d so on ; or, us ing on ly one n u m b e r if, say , M n be c o n v e n t i o n a l l y 
m a d e u n i t y , t h e t e r m 0-6-wolframite ? 

A. Geuther and E . Eorsberg, and. E . Ze t tnow obta ined imi tat ions of Hiibnerite, ferberite, 
and wolframite, w i th various proportions of iron and manganese b y fusing sod ium tungs ta te 
wit l i different proportions of ferrous and m a n g a n o u s chlorides, a n d a n excess of sod ium 
chloride. Analyses of hiibnerite were reported b y W . B e c k a n d N . Teich, I . D o m e y k o , 
«T. B . Ekeley , H . F . Keller, F . A. Genth, F . N . Guild, W . P . H e a d d e n , F . L. Hess , W . F . HiIIe-
brand, W. H . Hobbs , 1ST. v o n Kul ibin, A- H . Low, S. L*. Penfield, C. F . Rammelsberg , e tc . 
Analyses of ferberite were reported b y W. Beck a n d N . Teich, F . A. Bernoull i , O. B . Baggi ld , 
J. E . Carno, J . .1. Ebe lmen , J . B . Eke ley , L . L. Fermor, I i . D . George, W. E . Greenawalt , 
F . L . H e s s , KL. TJ. T. I^iefoe, O. Luedecke , P . Nicolardot , C. F . Rammelsberg , R . Schneider, 
T . W a d a , T. L . Walker, e tc . Analyses of wolframite were reported b y E . A. Atk inson , 
L. C. Bal l , F . A . Bernoulli , J. J . Borzelius, A . W . G. Bleeck, G. Bodenbender , F . Bourion, 
C. A. Burghardt , A . Carnot, J". J . Ebe lmen , A. M. F indlayson , P . Geiger, F . A . Genth , 
W . B . Giles, A. de Gramont , C. Granell, W . E . Greenawalt , F . N . Guild, F . L . H e s s , F . H o p p e -
Seyler, R . Helmhacker , W. H e m p e l , T . S. H u n t , J. D . Irving, A . J a h n , K . H . T . Kerndt , 
J . L e h m a n n , A. Liversidge, O. Luedecke , R. J". Meyer a n d H . Winter , P . Nico lardot , 
I . Pargo and A. Arango, P . P o n d a l a n d J . Vasquez-Garriga, A. Pe tzho ldt , P . P . P i l ipenko, 
G. J . Popple in , T. Richardson, B . Setlik, F . v o n SchafTgotsch, R. Schneider, O. J . S temhart , 
L. Sipdczi, T. T h o m s o p , L. LN. Vauquel in , W . L. "Walker, G. Weidinger, E . T. Wherry, e tc . 

T h e genera l fo rmula for t h e whole fami ly g r o u p is ( F e , M n ) W 0 4 . M a g n e s i u m 
a n d ca lc ium oxides a re c o m m o n l y p r e sen t t o t h e e x t e n t of a b o u t a q u a r t e r pe r c e n t . 
A . C a r n o t r e p o r t e d 0*90 t o 1-10 per cen t , of t a n t a l u m p e n t o x i d e in a v a r i e t y f rom 
M e y m a c ; W . F . H i l l eb rand , 0*05 per cen t , of c o l u m b i u m p e n t o x i d e in a s a m p l e 
f rom O u r a y , California ; L . Weiss , T . Xi. P h i p s o n , A. D a m o u r , a n d E . T . W h e r r y 
b o t h t a n t a l u m a n d c o l u m b i u m pen tox ides in s amples f rom Cornwal l , Ar izona , 
e t c . ; Gr. E b e r h a r d , H . S. L u k e n s , a n d H . W i n t e r , s c a n d i u m ; G. B o d e n b e n d e r , 
a n d F . A , G e n t h , s t ann i c oxide , a n d copper ox ide ; E . A. A tk inson , a n d F . H o p p e -
Seyler , i n d i u m oxide . M o l y b d e n u m m a y also b e p re sen t . F . L . Hess , M. K o s a k i , 
a n d W . T . Schal ler r e p o r t e d Si, Al, Mg, Ca, Cr, Cb, Cu, Mo, Sc, Sr , Ti , a n d V t o 
h a v e b e e n d e t e c t e d in ferber i te b y m e a n s of t h e spec t roscope . 

Acco rd ing t o F . Li. Hes s , ferber i te a n d wolf rami tes a r e charac te r i s t i ca l ly b l a c k j 
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hiibnerite, reddish-brown, although some specimens are yel lowish or nearly black. 
E x c e p t in the lighter coloured hiibnerites, the presence of admixed ferberite cannot 
be detected b y the eye. The dark-coloured varieties of the mineral are usually 
wolframites. Some specimens of hiibnerite are almost garnet-red. but a specimen 
from Butte , Montana, is in part l ight yellowish-brown, and in part caramel-brown, 
while one from Whi te Oaks, North Mexico, appears opaque black. Under the 
microscope, th in sections of hiibnerite are l ight or dark yellowish-brown, or dark 
green b y transmitted l ight. K. Tronquoy found that powdered hiibnerite is sulphur 
yellow, and wi th plates of decreasing thickness the colour changes in different 
directions are : a, dark red t o brown t o pale brick-red to olive-green ; fe, bright 
red t o orange-red to greenish-yellow ; and c, orange-red t o bright yel low wi th a 
faint green t inge. Usual ly the higher the proportion of ferric oxide, the blacker 
the colour ; b u t the black mineral from White Oakes has only 0-55 per cent, of 
ferrous oxide , whereas l ighter coloured hiibnerite m a y contain more ferrous oxide. 
The cause of the dark colour is unknown. ,Hi ibnerite m a y be pleochroic wi th 
h yel lowish-brown, and c, green. Ferberite is described b y "F. L. Hess as a black, 

F i a . 47 .—Wedge-shaped. F i a . 48 . Hliomboida.1 Kia . 49.—-Cuboidal Crystals 
Crystals of Ferberi te ( X 2) . Crystals of Ferberite ( x 1). of Ferberite ( X 1O). 

opaque mineral which under the microscope m a y appear red b y l ight transmitted 
through very th in edges—say 0*0001 t o 0-0O02 inch thick. Ferberite m a y occur 
coated wi th hydrated iron oxide, or be so intergrown with i t tha t both the outside, 
and the parts exposed b y fracture or cleavage m a y be brown. Some specimens 
are iridescent owing t o th in films of oxide. The mineral m a y occur in bladed, 
irregularly lamellar, or columnar crystals ; and also in granular, coherent masses. 
The crystals m a y be tabular or prismatic, and the faces in the prismatic zone m a y 
be vertical ly striated. The crystals of the wolframite family are all monoclinic, 
and V. Groldschmidt's va lue for the axial ratios a : b : c = 0 - 8 2 5 5 : 1 : 0-8664, and 
^8=89° 32 ' is typical of t h e whole series. Indeed, the crystallographic constants 
of the end-members do n o t show any characteristic differences. Ferberite has a 
greater tendency t o form well-defined crystals than have the other members of 
the series. A. des Cloizeaux gave for the axial ratios of wolframite, a : b : c 
= 0 - 8 3 0 0 : 1 : 0-86781, and ^ = 8 9 ° 21-6' ; J. A. Krenner, 0-82447 : 1 : 0-86041, and 
£ = 8 9 ° 39- 3 8 " . a n d G. Sel igmann, 0 - 8 2 1 4 4 : 1 : 0 - 8 7 1 1 1 , and £ = 8 9 ° 3 4 ' ; and 
for ferberite, P- Groth and A. Arzruni gave 0-8229 : 1 : 0-8462, and j 8 = 8 9 ° 22' . 
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R. T r o n q u o y g a v e a : b : c = 0 - 8 3 1 5 : 1 : 0-8651, a n d £ = 9 0 ° 2 2 ' for h i i b n e r i t e . 
F . M a c h a t s c h k y g a v e 0-8362 : 1 : 0-8668, a n d £ = 8 9 ° 7 £ ' for h i i bne r i t e , a n d 
0-8300 : 1 : 0-8678 a n d j 8 = 8 9 ° 2 2 ' for wol f rami te . E . K . B r o c h f o u n d t h a t t h e c r y s t a l s 
a r e l ike t h o s e of m a g n e s i u m t u n g s t a t e . T h e c rys t a l s of fe rber i te a n d w o l f r ami t e 
a r e f r equen t ly wedge-shaped , F i g . 47 (Hoos ie r Mine , Colorado) , a n d of ten i n e lon­
g a t e d r h o m b o i d s , F ig , 48 ( N u g g e t Mine , Colorado) , or i n cubes , F i g . 49 (Georgia 
A . Mine, Colorado) . These fo rms a p p e a r in ores w h e r e t h e c rys t a l s h a v e g r o w n in 
o p e n cavi t ies . T h e p h o t o g r a p h s , F igs . 47 t o 49 , a r e b y F . L . H e s s . W o l f r a m i t e 
does n o t usua l ly show good c r y s t a l b o u n d a r i e s , b u t occurs in t a b u l a r or i r r egu la r 
masses . H i i b n e r i t e h a s a m a r k e d t e n d e n c y t o form r a d i a t i n g g r o u p s of t h i n - b l a d e d 
c rys t a l s , b u t dense , f ine-grained a g g r e g a t e s of c lose ly-packed c r y s t a l s whe re in 
i r r e g u l a r b o u n d a r i e s f r e q u e n t l y occur . T h e s h i n y c leavage surfaces w h i c h a r e 
deve loped w h e n t h e s e masse s a r e b r o k e n m a y b e m i s t a k e n for c r y s t a l faces. "Wolf­
r a m i t e r a r e l y shows good e x t e r n a l c rys t a l forms ; a n d i t u s u a l l y cons is t s of i r r egu l a r 
agg rega t e s w i t h n o e x t e r n a l c ry s t a l , forms, a n d t h e i nd iv idua l s m a y h a v e m i c r o ­
scopic d imens ions or b e over 5 cms . in d i a m e t e r . Crys ta l s of all m e m b e r s of t h e 
series r ead i ly sp l i t a long t h e (010)-plane. T h e p l a n e c leavage is a t r i g h t ang les t o 
t h e p l a n e of e longa t ion of t h e t a b u l a r forms. Accord ing t o A. des Clo izeaux, 
p a r t i n g is s o m e t i m e s obse rved para l le l t o t h e (IOO)- a n d t h e (102)-planes . T w i n n i n g 
occurs a b o u t t h e c-axis, w i t h (100) a s t h e compos i t i on p l a n e ; G. R o s e also g a v e 
(023) a s a t w i n n i n g p lane . O b s e r v a t i o n s on t h e c rys ta l s of wol f rami te were a lso 
m a d e b y C. A n d e r s o n , W . H . Miller, A. S. E a k l e , P . G r o t h a n d A. A r z r u n i , P . v o n 
JeremejefT, A. J a h n , K . J i m b o , F . Sandberge r , !L. J . Spencer , P . Geijer, F . IL. H e s s , 
a n d W . T. Schal ler ; t h e c rys ta l s of h i ibne r i t e were desc r ibed b y J . J . B r a v o , 
E . B e r t r a n d , S. JL>. Penfield, R . T r o n q u o y , F . L,. H e s s , D . J . F i she r , a n d 
W . T. Scha l le r : a n d t h o s e of fe rber i te b y C. H . W a r r e n , A. J . Moses, O. B . Boggi ld , 
F* L . H e s s , a n d W . T. Schal le r . P . G r o t h a n d A. A r z r u n i found t h e o p t i c ax ia l 
ang les for r e d L,i-light t o be 2 # a = : 9 3 0 a n d 2 ^ 2 = 1 4 1 ° ; a n d 2 F = 7 5 ° . E . S. L.arsen 
g a v e for h i i bne r i t e 2 F = 7 3 ° . T h e op t ica l c h a r a c t e r s of wol f rami te a n d of h i i bne r i t e 
a re pos i t i ve . E . K . B r o c h c a l c u l a t e d t h e following l a t t i c e - c o n s t a n t s , in A - u n i t s , 
from t h e X - r a d i o g r a m s : 

M n W O 4 . 
Hi ibner i te . 
Wolframite 
!Ferberite , 
F e W O 4 (and reinite) . 

a 
. 4-84 

4-82 
. 4-78 
. 4-71 

4-7O 

b 
5-76 
5-70 
5-73 
5-69 
5-69 

C 

4-97 
4-97 
4-98 
4-95 
4-93 

P 
89° 7' 
89° 7' 
89° 34 ' 
90° O' 
90° 0' 

a 
0-841 : 
0-837 : 
O-835 : 
0-828 : 
O-825 : 

: h: c 
1 : O-863 
1 : O 863 
1 : O-8G0 
1 : 0-870 
1 : 0-866 

Densi ty 
7-18 
7-25 
7-34 
7-58 
7-61 

T h e sp . gr . of h i i bne r i t e is a b o u t 7-2 or 7-3. T h e art if icial m a n g a n o u s t u n g ­
s t a t e p r e p a r e d b y A. G e u t h e r a n d E . F o r s b e r g h a d a sp . gr . of 7-1 ; A. B r e i t h a u p t 
gave for t h e mine ra l 7-11 ; R . T r o n q u o y , 7-09 ; P . Geijer, 7-283 ; a n d W . F . Hi l le -
b r a n d , 7-177 a t 24°. T h e s p . gr. of ferber i te is nea r 7-5, t h o u g h A. G e u t h e r a n d 
E . F o r s b e r g g a v e for t h e artificial fer rous t u n g s t a t e 7-1 ; a n d for t h e m i n e r a l , 
C. F . B a m m e l s b e r g gave 7-169, a n d A. B r e i t h a u p t , 6-801. L . S ipocz g a v e 7-4581 
for a v a r i e t y w i th F e ; M n = 2 : 1. O. L u e d e c k e gave 6-64O for t h e s p . gr . of r e i n i t e . 
A. G e u t h e r a n d E . F o r s b e r g g a v e 7-0 for t h e sp . gr . of artificial (0-3Fe, 0 - 7 M n ) W O 4 ; 
F . Mohs gave for wol f rami te 7-155, a n d A. F . Gehlen , 7-097. F o r t h e re la t ion 
b e t w e e n sp . gr . of wol f rami te a n d t h e p e r c e n t a g e a m o u n t of c o n t a i n e d t u n g s t e n 
t r i ox ide , t h e Wolf T o n g u e Milling Co. g a v e : 

W O 8 . 1 5 10 15 20 25 30 35 40 44 per cent . 
S p . gr, . 2-724 2-821 2-951 3 0 9 6 3-263 3-432 3-629 3-850 4-094 4-323 

W h e n t h e m i n e r a l is g r o u n d t o a n i m p a l p a b l e p o w d e r , or d r a w n ove r a sur face of 
r o u g h p o r c e l a i n — t h e so-called s t r e a k of t h e m i n e r a l — t h e co lour w i t h f e rbe r i t e 
i s d a r k b r o w n or nea r ly b lack , t h a t of wo l f rami te is d a r k b r o w n t o r e d d i s h - b r o w n , 
a n d t h a t of h i i bne r i t e is b rown i sh - r ed or greenish-ye l low. T h e h a r d n e s s of f e rbe r i t e 
is a b o u t 5, so t h a t i t is easi ly s c r a t c h e d b y a pocke t -kn i fe , t h a t of h i i bne r i t e is nearly 
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t h e s a m e — R . T r o n q u o y g a v e a p p r o x i m a t e l y 4= a n d a d d e d t h a t t h e h a r d n e s s o n 
t h e (010)-face is sma l l e r t h a n t h a t on t h e (001)-face—so a lso i s t h e h a r d n e s s of 
wol f rami te which is n e a r l y 5 . V. H . R e g n a u l t g a v e 0-09780 for t h e sp . h t . of 
c rys t a l s of wol f rami te b e t w e e n 6° a n d 98° ; H . K o p p , 0-0930 b e t w e e n 21° a n d 53° ; 
a n d G. L i n d n e r , 0 0 9 7 5 5 a t 100° ; 0-09840 a t 200° ; 0-09949 a t 300° ; a n d 0-10015 a t 
350°. E . S. La r sen g a v e j 8 ~ 2 - 4 0 for t h e i n d e x of re f rac t ion of fe rber i te w i t h L i -
l igh t , a n d a d d e d t h a t t h e bi refr ingence is l a rge ; for wo l f r ami te w i t h Li - l igh t , h e 
f o u n d a = 2 - 2 6 - 2 - 3 1 ; £ = 2 - 3 2 ; a n d y = 2 - 4 2 t o 2-46 ; a n d for h u b n e r i t e , w i t h D- l igh t , 
« = 2 - 1 7 - 2 - 2 0 ; , 8 = 2 - 2 2 ; a n d y = 2 - 3 0 - 2 - 3 2 . E . W a r t m a n n , a n d F . Be i j e r inck 
found wol f rami te t o b e a n o n - c o n d u c t o r of e lec t r ic i ty . C. Doe l t e r gave for t h e 
e lect r ical res i s tance , Ry of wol f rami te : 

50° 150° 300° 400° 00O° 780° 1000° 1100° 
R . . . 1105O 09O HO 43-8 11-7 419 219 0-83 

E . T . W h e r r y obse rved t h a t fe rber i te is a good r ad io -de t ec to r . B . B a v i n k m e a s u r e d 
t h e m a g n e t i c p r o p e r t i e s of c ry s t a l s of wo l f rami te . A . A m b r o n n g a v e 241 X 10~~ci 

m a s s u n i t s for t h e m a g n e t i c suscep t ib i l i ty , a n d Gr. Grene t , 35 x 1O -*\ 23 _ ~p\ S m i t h 
f o u n d t h a t wo l f rami te d issolves w h e n i t is h e a t e d w i t h s u l p h u r monoch lo r ide . 
F . R . v a n H o r n desc r ibed r e p l a c e m e n t s of wo l f r ami te b y scheel i te . 

G. T a m m a n n 1 8 o b s e r v e d t h a t fe r rous ox ide r e a c t s w i t h t u n g s t e n t r i ox ide 
b e t w e e n 480° a n d 700° fo rming ferrous t u n g s t a t e , F e W O 4 , a n d I>. BalarefE a d d e d 
t h a t t h e r e a c t i o n p roceeds f a s t e s t a t 700° . H . D e b r a y o b t a i n e d ferrous t u n g s t a t e 
b y s t r o n g l y h e a t i n g a m i x t u r e of t u n g s t e n t r i o x i d e a n d fer rous oxide in a c u r r e n t 
of h y d r o g e n ch lor ide ; a n d A. G e u t h e r a n d E . F o r s b e r g p r e p a r e d c rys ta l s of artificial 
f e rbe r i t e b y fusing t o g e t h e r a m i x t u r e of s o d i u m t u n g s t a t e , fer rous chlor ide , a n d 
s o d i u m ch lo r ide ( 1 : 2 : 2 ) . E . Z e t t n o w u s e d a s imi la r process . T h e lu s t rous , 
b l ack c r y s t a l s h a v e a s p . gr . 7 -1 . F o r E . JK. B r o c h ' s l a t t i c e - c o n s t a n t s , vide, supra. 
E . F . A n t h o n o b t a i n e d t h e trihydrate, F e W O 4 . 3 H 2 O , as a l igh t b r o w n powder , b y 
a d d i n g a soln . of a fe r rous sa l t t o one of s o d i u m t u n g s t a t e . T h e t r i h y d r a t e is n o t 
d i s so lved b y cold h y d r o c h l o r i c , su lphu r i c , or n i t r i c ac id , b u t i t is comple te ly d is ­
so lved b y t h e boi l ing ac ids w i t h t h e s e p a r a t i o n of t u n g s t e n t r iox ide ; i t is n o t 
so luble in w a t e r , b u t i t is d i sso lved b y boi l ing p h o s p h o r i c ac id , a n d b y h o t oxal ic 
ac id . J . L e f o r t f o u n d t h a t t h e p r e c i p i t a t e o b t a i n e d by a d d i n g a soln. of n o r m a l or 
ac id s o d i u m t u n g s t a t e t o one of fe r rous a c e t a t e p r o d u c e s a p r e c i p i t a t e t o o u n s t a b l e 
for ana ly s i s ; b u t w i t h a soln . of ferric a c e t a t e , definite ferric t u n g s t a t e s a re formed, 
in t h e one case ferric t r ioxytungs ta te , 2 F e 2 0 3 . 3 W 0 3 . 6 H 2 0 , or F e 2 O 3 . F e 2 ( W O 4 J 3 . 
6 H 2 O , a n d in t h e o t h e r case ferric o x y t u n g s t a t e , F e 2 0 3 . 2 W 6 3 . 4 - H 9 0 , or Fe*(5( WO 1 ) I . 
4 H 2 O , or F e ( O H ) ( W O 4 ) . 1 4 H 2 O , B o t h a r e ye l low p rec ip i t a t e s . 1OO p a r t s ~ of 
w a t e r a t 15° dissolve 33-3 p a r t s of t h e former , a n d 2 p a r t s of t h e l a t t e r . Accord ing 
t o W . T . Schal le r , t h e pa l e yel low, or b rownish-ye l low ochre f rom D e e r Trai l , 
W a s h i n g t o n , cons i s t s of microscopic , h e x a g o n a l p l a t e s wh ich a re op t ica l ly i so t rop ic . 
T h e c o m p o s i t i o n c o r r e s p o n d s w i t h ferric d i o x y t u n g s t a t e , F e 2 O 2 ( W O 4 ) . 6 H 2 O , a n d 
h e ca l led t h e m i n e r a l ferri tungst i te . E . S. L a r s e n gave for t h e indices of re f rac t ion 
of f e r r i t ungs t i t e , co = l -80 , a n d e = l*72. S. P r a k a s h a n d 1ST. R . D h a r s t u d i e d t h e 
p r o p e r t i e s of t h e h y d r o g e l of ferric t u n g s t a t e . A . L a u r e n t r e p o r t e d a complex 
p o t a s s i u m ferric t u n g s t a t e , 9 K 2 0 . 1 2 H 2 0 . 2 F e 2 0 3 . 4 5 W 0 3 + 5 4 H 2 0 , t o be fo rmed 
b y m e l t i n g p o t a s s i u m c a r b o n a t e a n d n i t r a t e w i t h a n excess of wol f rami te , a n d 
d iges t ing t h e m a s s w i t h w a t e r . T h e sa l t s e p a r a t e d f rom t h a t soln. in large regu la r 
p r i s m s . T h e soln. of t h e s a l t does n o t g ive t h e o r d i n a r y r eac t i ons for ferric i ron . 
S. P r a k a s h a n d N . R . D h a r p r e p a r e d a h y d r o g e l of ferric t u n g s t a t e . A . L a u r e n t 
o b t a i n e d a bas ic s a l t 1 8 K 2 0 . 3 H 2 O . F e 2 0 3 . 4 5 W 0 3 + 5 4 : H 2 0 ; a n d bar ium ferric 
t u n g s t a t e , 2 1 B a 0 . 2 F e 2 0 3 . 4 5 W 0 3 . 2 7 H 2 0 . T h e formulae a re p r o b a b l y n o t cor rec t , 
a n d A . R o s e n h e i m a n d H . Schwer a d d e d t h a t ihre JDarsxellung ist niclit reproduzierbar 
•—vide infra, d o d e c a t u n g s t a t e s . 

F . d e Car l i 1 0 f o u n d t h a t t h e h e a t i n g c u r v e s of m i x t u r e s of coba l tous oxide 
a n d t u n g s t e n trioxid,e s h o w t h a t a r e a c t i o n c o m m e n c e s a t a b o u t 255°. H , Schu l t ze 

V O L . x i . 3 F 
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o b t a i n e d c rys t a l s of coba l tous t u n g s t a t e , C o W O 4 , b y m e l t i n g a m i x t u r e of s o d i u m 
t u n g s t a t e , a n d coba l tous a n d s o d i u m chlor ides ( 1 : 2 : 2 ) ; E . Z e t t n o w used 
t h e p r o p o r t i o n s 6 : 1 : 6 . T h e monoc l in ic c r y s t a l s a re d a r k g reen , a n d n o n - m a g n e t i c . 
W h e n p o w d e r e d , t h e colour of t h e c r y s t a l is v io le t . E . F . A n t h o n o b t a i n e d t h e 
a n h y d r o u s sa l t b y calc ining t h e h y d r a t e . Accord ing t o H . Schu l t ze , a n d E . Z e t t n o w , 
a t a r e d - h e a t t h e p r o d u c t becomes g reen i sh -b lue , a t a h ighe r t e m p . , b lu i sh -b l ack . 
E . K.. B r o c h g a v e for t h e l a t t i c e c o n s t a n t s , c a l cu l a t ed f rom t h e X - r a d i o g r a m s , 
a = 4 - 6 6 A., b=5-68 A. , c = 4 - 9 3 A. , a : b : c = O 8 2 0 : 1 : 0-868, a n d £ = - 9 0 ° ; a n d t h e 
ca l cu la t ed d e n s i t y is 7-76. E . F . A n t h o n , a n d E . F . S m i t h a n d R . H . B r a d b u r y 
t r e a t e d a soln. of n o r m a l a lka l i t u n g s t a t e w i t h one of a c o b a l t o u s sa l t . T h e v io le t 
p r e c i p i t a t e w h e n w a s h e d a n d d r i ed fo rms t h e dikydrate, C o W 0 4 . 2 H 2 0 , w h i c h loses 
i t s w a t e r a t a r e d - h e a t ; i t is inso luble in w a t e r , a n d cold n i t r i c ac id ; i t is p a r t i a l l y 
soluble in oxal ic ac id ; a n d c o m p l e t e l y soluble in w a r m p h o s p h o r i c or ace t i c ac id . 
A . C a r n o t sa id t h a t t h e g r e y p r e c i p i t a t e p r o d u c e d b y a c o b a l t o u s sa l t in soln . of 
a m m o n i u m t u n g s t a t e becomes rose- red w h e n d r i ed . I t eas i ly oxid izes in a i r . I t s 
compos i t i on is 8 ( N H 4 ) 2 0 . 2 C o 0 . 1 5 W 0 3 . 3 H 2 0 . E . K . B r o c h f o u n d t h e c r y s t a l s of 
t h e a n h y d r o u s sa l t t o be monoc l in ic l ike t h o s e of t h e m a g n e s i u m sal t . 

F . de Carli found t h a t a m i x t u r e of n icke lous ox ide a n d t u n g s t e n t r i ox ide shows 
ev idence of c o m b u s t i o n on t h e h e a t i n g cu rve a t 260°. H . Schu l t ze o b t a i n e d n i c k e l 
tungs ta te , N i W O 4 , b y fusing a m i x t u r e of s o d i u m t u n g s t a t e , a n d n icke l a n d s o d i u m 
chlor ides ( 1 : 2 : 2 ) . T h e b r o w n r h o m b i c c r y s t a l s h a v e t h e a p p e a r a n c e of z inc 
b lende . E . K . Broch found t h a t t h e c rys t a l s a r e monoc l in i c l ike t h o s e of t h e 
m a g n e s i u m sa l t ; a n d t h e l a t t i c e c o n s t a n t s , ca l cu l a t ed f rom t h e X - r a d i o g r a m s , a r e 
a=4:'68 A. , 6 = 5 - 6 6 A., c = 4 - 9 3 A. , a : b : c = ( > 8 2 7 : 1 : 0-870, a n d £ = 8 9 ° 4 ' ; a n d 
t h e ca l cu la t ed d e n s i t y is 7-78. F . W . Clarke a n d J . L . D a v i s g a v e 6-8846 for t h e 
sp . gr . a t 20-5°, a n d 6-8522 for t h e s p . gr . a t 22°. J . Lefor t o b t a i n e d t h e trihydrate, 
N i W 0 4 . 3 H 2 0 , a n d E . F . A n t h o n t h e hexahydrate, N i W O 4 . 6 H 2 O , as a pa le g r e e n 
powder , b y p r ec ip i t a t i on from m i x t u r e s of soln. of n o r m a l p o t a s s i u m t u n g s t a t e a n d 
a nickel sa l t . I t loses i t s w a t e r w h e n h e a t e d t o r ednes s ; i t is inso luble in w a t e r , 
a n d soln. of oxal ic ac id ; a n d i t is so luble i n boi l ing p h o s p h o r i c a n d ace t i c ac ids , 
a s well a s in w a r m a q . a m m o n i a . W . J a n d e r g a v e a b o u t 6OO X 10~~6 for t h e e lec t r ica l 
c o n d u c t i v i t y of n ickel t u n g s t a t e a t 980° ; a n d he also o b t a i n e d v a l u e s for t h e 
diffusion coeff. H . O. Schulze s t u d i e d t h e a c t i o n of t u n g s t i c ac id on soln. of n ickel 
ch lor ide . Gr. L . Clark found t h e d issoc ia t ion t e m p , of n i c k e l h e x a m m i n o t u n g s t a t e , 
N i W O 4 . 6 N H 3 , t o be 393° a t 76O m m . Acco rd ing t o A. R o g e r s a n d E . F . S m i t h , 
w h e n h y d r a t e d nickel scsquioxide is boi led for 8 h r s . w i t h a n a m m o n i a c a l soln. of 
a m m o n i u m p a r a t u n g s t a t e , a n d t h e b lue f i l tered soln. c o n c e n t r a t e d b y e v a p o r a t i o n , 
t h e soln. becomes green as t h e a m m o n i a is expe l led , a n d s i m u l t a n e o u s l y d e p o s i t s 
a g reen p o w d e r which redissolves if a q . a m m o n i a is a d d e d fo rming a b lue soln. ; 
if t h e soln. be k e p t a m m o n i a c a l d u r i n g t h e e v a p o r a t i o n , a g reen i sh -whi t e , c rys t a l l ine 
p o w d e r of a m m o n i u m nicke l ic t u n g s t a t e , 3 ( N H 4 ) 2 0 . N i 2 O 3 . 1 6 W O 4 . 2 2 H 2 O , is fo rmed . 
A second a m m o n i u m nickelic sa l t is fo rmed , ( N H 4 J 2 O . N i 2 O 3 . 4 W O 4 . 7 H 2 O , if a m m o n i a 
be p a s s e d t h r o u g h t h e soln. whi le i t is be ing e v a p o r a t e d . T h e first s a l t is s p a r i n g l y 
so luble in w a t e r once i t h a s s e p a r a t e d f rom soln. , a n d , in consequence , sa l t s a r e 
b e s t o b t a i n e d b y doub l e decompos i t i on w i t h t h e soln. before i t is e v a p o r a t e d . I n 
t h i s w a y , b a r i u m chlor ide furnishes w h i t e , inso luble b a r i u m n icke l i c t u n g s t a t e , 
1 9 B a O - N i 2 O 3 . 1 6 W O 3 . 

O. W . G i b b s 2 0 r e p o r t e d green or ye l lowish-green c ry s t a l s of p l a t i n i c d e c a t u n g -
s t a t e , P t O 2 . 1 0 W O 3 . 4 H 2 O , t o be fo rmed b y t r e a t i n g t h e b a r i u m sa l t w i t h s u l p h u r i c 
ac id , or t h e s i lver sa l t w i th hydroch lo r i c ac id ; a n d pa l e yel low p l a t i n i c c o s i t u n g -
s t a t e , P tO2.2OWO3.9H2O, b y c o n v e r t i n g t h e c o r r e s p o n d i n g s o d i u m s a l t i n t o t h e 
m e r c u r o u s sa l t , a d d i n g hydroch lo r i c acid, a n d s p o n t a n e o u s l y e v a p o r a t i n g tj ie f i l t ra te . 
A c c o r d i n g t o O . W . Gibbs , w h e n p l a t i n i c h y d r o x i d e is bo i led w i t h s o d i u m p a r a ­
t u n g s t a t e , t w o i somer ic s o d i u m plat inic d e c a t u n g s t a t e s , 4 N a 2 O . P t O 2 . 1 0 W O a . 2 5 H 2 O , 
a r e f o r m e d ; o n e gives ol ive-green c rys ta l s , a n d t h e o t h e r honey -ye l l ow p r i s m s . 
T h e y a r e r e a d i l y so luble in w a t e r , a n d g ive f looculent or c rys t a l l i ne p r e c i p i t a t e s 

PtO2.2OWO3.9H2O
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with the h e a v y metals , and the higher alkaloids. O. W. Gibbs reported that the 
deep orange soln. of platinic hydroxide in sodium paratungstate , furnishes, on 
standing, crystals of sodium platinic decatungstate , 6 N a 2 O . P t O 2 . 1 0 W O 3 . 2 8 H 2 O . 
According t o A. Rosenheim, when a soln. of a paratungstate is boiled wi th platinic 
hydroxide, a large portion dissolves forming a deep red l iquid ; when the mixture 
is heated in a sealed tube at 250° to 300°, rather more platinic hydroxide dissolves, 
and a deep brownish-red l iquid is formed, but in neither case could O. W. Gibbs* 
products be obtained. A. Rosenheim suggested tha t O. W. Gibbs' products con­
sisted of paratungstates containing mechanical ly-occluded platinic hydroxide , 
coloured b y partial reduction. Soln. of metatungstates dissolve platinic hydroxide 
in considerable quantit ies on boiling, and still more readily when heated in a sealed 
tube, a l though platinic hydroxide is quite insoluble in water, even when heated 
wi th i t in a sealed tube at 300° ; on evaporat ing these soln., even under diminished 
press., nothing but the unaltered reagents was obtained. When a cone. soln. of 
normal sodium tungstate is boiled wi th platinic hydroxide, the soln. becomes faintly 
yel lowish, much less platinic hydroxide being dissolved than in the case of the acid 
salts ; this is opposed t o the v iew t h a t platinic hydroxide acts as an acid. The 
strongly alkaline soln. is filtered as quickly as possible, and, on cooling, a neutral 
compound, exhibit ing the reactions of a paratungstate , separates from the filtrate 
in small yel low needles of s o d i u m plat in ic h e p t a t u n g s t a t e , 5 N a 2 0 . 7 W O 3 . 2 F t O 2 . 
3 5 H 2 O ; this cannot be recrystallized, as i t then undergoes decomposit ion ; on this 
account a further yield is not obtained b y concentrat ing the mother-liquor, and the 
compound cannot be prepared from dil. soln. of sodium metatungsta te . I t is a 
double salt of sodium paratungstate (1 mol.) and sodium plat inate (2 mols.) , as 
the following experiment proves. W h e n the calculated quantit ies of sodium para­
tungstate and platinic hydroxide are boiled wi th sodium hydroxide soln., the same 
salt is formed, but this is no t the case if sodium hydroxide is excluded. I t appears, 
therefore, t h a t platinic hydroxide has very weak acidic properties (comparable 
w i th those of alumina) , which i t exhibits only w i th such alkaline salts as normal 
tungstates ; i t dissolves in para- or meta- tungstates as a base. 

O. W. Gibbs gradually added hydrochloroplatinic acid to a boiling soln. of 
sodium tungsta te containing a considerable excess of sodium hydroxide, and 
treated the yel low soln. w i th a n excess of acetic acid. Topaz-yel low crystals of 
s o d i u m plat inic cos i tungs ta te , 9Na 2 O.PtO 2 . 20WO 3 . 58H 2 O, were formed. The 
salt loses water and oxygen when heated. I t can be recrystallized without decom­
posit ion ; the soln. is acidic to l i tmus. W i t h ammonium chloride, the soln. gives 
a precipitate of sodium a m m o n i u m 1 : 4-paratungstate ; thallous nitrate gives a 
granular precipitate—thallOUS plat in ic cos i tungs ta te ; cobaltic hexammino-
trichloride, pale brown j>lates—cobaltic p lat in ic h e x a m m i n o c o s i t u n g s t a t e ; copper 
sulphate , a pale blue precipi tate—copper plat inic COSitungstate ; silver nitrate, 
a white prec ipi tate—si lver p lat in ic COSitungstate ; and mercurous nitrate, a pale 
yel low, amorphous prec ip i ta te—mercurous plat in ic cos i tungs ta te . B y boiling 
platinic hydroxide w i th sodium paratungstate honey-yel low crystals of s o d i u m 
plat in ic t r iaconta tungs ta te , 12Na 2 O.PtO 2 . 30WO 3 . 72H 2 O, are formed. The salt is 
dehydrated on a water-bath. O. W. Gibbs also obtained sodium diplatinic triacon­
tatungstate , 15Na 2 O.2PtO 2 . 30WO 3 . 89H 2 O, in dull, ye l low crystals, easily soluble 
in water, b y the act ion of hydrochloroplatinic acid on sodium tungstate in the pre­
sence of an excess of sodium hydroxide, and then treating the soln. with an excess 
of acetic acid. The aq. soln. is acid to l i tmus, and wi th an ammonium salt furnishes 
ammonium diplatinic triacontatungstate ; with a potassium salt, potassium 
diplatinic triacontatungstate ; with barium chloride, barium diplatinic triaconta­
tungstate ; and with mercurous nitrate, mercurous diplatinic triacontatungstate. 

O. W . Gibbs added t h a t qualitat ive tes t s indicate t h a t iridium, ruthenium, 
palladium, and osmium form similar salts* 



804 INORGANIC AND THEORETICAL CHEMISTRY 

R-EF-ETtE NO K S . 
1 E . IT. A n t h o n , Repert. Pharm., 76 . 349, 1836 ; Journ. prakt. Chem., (1), 8. 399, 1836 ; (1), 

9. 337, 1836 ; J . C. G. de Mar ignac , Ann. Chim. Phys., (3), 69. 6, 1863 ; Compt. Bend., 55. 888, 
1862 ; C. E . Guignet , ib., 108. 178, 1889 ; R . E . Liesegang, Phot. Arch., 34. 162, 1893 ; A. Rosen­
he im a n d F . Jacobsoh.ru Zeit. anorg. Chem., 50. 297, 1906 ; K . A. H o f m a n n a n d V. Kohlsch i i t t e r , 
ib., 16. 463, 1898 ; E . Kunau, Reindarstellung und Lumineszenz von Calcium-wolframat Cadmium 
-iodide, und Kalomel, Greisswald, 1930 ; T. H. Tsao, Chemie und Lumineszenz des Calcium 
tvolframats, Greisswald, 1928. 

2 G. C. Gmelin, Schtveigger's Journ., 30. 173, 1820 ; Gilbert's Ann., 62 . 399, 1819 ; 64. 371 , 
182O; E . F . A n t h o n , Repert. Pharm., 76. 349, 1 8 3 6 ; Journ. praTct. Chem., (1), 8. 399, 1 8 3 6 ; 
(1), 9. 337, 1836 ; A . Rosenhe im a n d W . Reglin, Zeit. anorg. Chem., 120. 103, 1921 ; J . A. M. v a n 
L i e m p t , ib., 143. 285, 1925 ; E . H o e r m a n n , ib., 177. 145, 1928 ; Beitrag zur Kenntnis der Molybdate 
und Wolframate, Leipzig, 1928 ; W . Zachar iasen , Tids. Norsk. Geol., 9. 65 , 1926, 

a L . N. Vauque l in a n d L . H e c h t , Journ. Mines, 4 . 19, 1796 ; F . W6hler , JPogg. Ann., 2. 345, 
1824 ; Quart. Journ. Science, 20. 177, 1826 ; Phil. Mag., 66. 263, 1825 ; Nachr. QoU., 35, 1850; 
IAebig*s Ann., 73. 190, 1850 ; 77. 262, 1851 ; Ann. Chim. Phys., (2), 29. 43 , 1823 ; (3), 29. 187, 
1850 ; A . Riche , Recherches sur Ie tungstene et ses composes, Pa r i s , 1857 ; (3), 50. 15, 1857 ; 
V. Forcher , Journ. prakt. Chem., (1), 86. 227, 1862 ; Bull. Soc. Chim., (2), 5 . 197, 1863 ; Sitzber. 
Akad. Wien, 44. 165, 1861 ; E . F . Anthon, Repert. Pharm., 76. 349, 1836 ; Journ. prakt. Chem., 
(1), 8. 399, 1836 ; (1), 9. 337, 1836 ; E . Ze t tnow, Pogg. Ann., 130. 46, 1867 ; C. F . Rammel sbe rg , 
Handbuch der krystall ographischen Chemie, Leipzig, 193, 1855 ; B. von Pawlewsky, Per., 33 . 
1223, 19OO ; S. Snrawicz, ib., 27. 1306, 1904 ; R . F u n k , ib., 33. 3700, 190O ; F . Mauro a n d 
R . R . P a n e bianco, ib., 15. 2509, 1882 ; Oazz. Chim. Ital., 12. 180, 1882 ; Atti Accad. IAnreir 
(3), 6. 205, 1882 ; F . W . Clarke a n d J . L . Davis , Amer. Journ. Science, (3), 14. 281 , 1877 ; 
W . G. Mixter , ib., (4), 26. 125, 1908 ; P . B u r c k h a r d , Zeit. Chem., (2), 5 . 393, 187O ; Bull. Soc. 
Chim., (2), 14. 35 , 1870 ; B . F r a n z , ib., (2), 16. 238, 1871 ; Journ. prakt. Chem., (2), 4 . 238, 1871 ; 
H . E . Boeke, Zeit. anorg. Chem., 50. 355, 1 9 0 6 ; Zeit. phys. Chem., 56 . 686, 1 9 0 6 ; P . Wa lden , 
ib., 1. 529, 1887 ; J . W . Re tgers , ib., 8. 6, 1891 ; W . Herz , ib., 98. 98, 1921 ; O. H . Wagner , ib., 131 . 
409, 1928 ; Ueber die Brechungsexponenten einiger geschmolzener Salze, Leipzig, 3 927 ; A. Lotter-
moser , Zeit. KoIl., 121. 243, 1922 ; M. Kroger , ib., 30. 16, 1922 ; J . C. G. de Marignac , Ann. Chim. 
Phys., (3), 69. 5, 1863 ; Compt. Rend., 55 . 888, 1862 ; W . Zachar iasen , Tids. Norsk. Geol., 9. i^5, 
1 9 2 6 ; N . P a r r a v a n o , Gazz. Chim. Ital., 39. i i , 55, 1 9 0 9 ; J . J . Coleman, Phil. Mag., (5), 2 3 . 1, 
1887 ; F . J . F a k t o r , Pharm. Post, 34. 485 , 1901 ; A. Kref t ing , Chem. Ind., 21 . 508, 1899 ; 
C. Scheibler, Tagebl. deut. Naturf. Aerzte, 45. 114, 1872 ; Zeit. Naturwiss. Halle, 40. 298, 1872 ; 
Ber., 5 . 801 , 1872 ; Bull. Soc. Chim., (2), 19. 23 , 1873 ; O. Masehke, Zeit. anal. Chem., 16. 427, 
1877 ; R . E . Liesegang, Phot. Arch., 34. 177, 1893 ; J . H . Long , Journ. Amer. Soc., 17. 87, 1894 ; 
W . K . v a n H a a g e n a n d E . F . Smi th , Journ. Amer. Chem. Soc., 3 3 . 1505, 1911 ; E . F . S m i t h , 
Ber., 13. 753, 1880 ; Chem. News, 4 3 . 6 1 , 1881 ; 129. 198, 207, 240, 257, 286, 1924 ; Journ. 
Amer. Chem. Soc, 44. 2027, 1922 ; R . G. WeUs, ib., 29. 112, 1907 ; C. W a t k i n s a n d H . C. J o n e s , 
ib., 37 . 2626, 1916 ; H . Corimmboeuf, Compt. Rend., 115. 823, 1892 ; P . Kautefeui l le , ib., 84. 
1301, 1 8 7 7 ; 85 . 952, 1 8 7 7 ; P . Hautefeui l le a n d A. Pe r rey , ib., 110. 334, 1 8 9 0 ; J . Lefor t , 
ib., 92. 1461, 1881 ; Journ. Pharm. Chim., (5), 4 . 221 , 1881 ; I ) . Gernez, Compt. Rend., 104. 783, 
1887 ; E . Schaefer, Beitrdge zur Kenntnis der Wolframverbindungen, Berlin, 1903 ; Zeit. anorg. 
Chem., 88 . 143, 1904 ; H . S. v a n Klooster , ib., 69. 135, 1910 ; K . H u t t n e r a n d G. T a m m a n n , ib., 
43 . 215, 1905 ; G. T a m m a n n , Mem. Acad. Petersbourg, (7), 35 . 1, 1887 ; H . S. v a n Kloos te r a n d 
H . C. Germs, ib., 86 . 369, 1914 ; J . E l t zbacher , Beitrdge zur Elektrochemie der Wolframate, Ber l in , 
10, 1899 ; B . Kellner, Untersuchungen uber Perwolframate, Berlin, 1909 ; H. Traube, Neues Jahrb. 
Min., i, 195, 1894 ; I . T r a u b e , Zeit. anorg. Chem., 8. 12, 1895 ; Ber., 24. 3074, 1891 ; F . Ullik, 
Sitzber. Akad. Wien, 56. 148, 1867 ; Journ. prakt. Chem., (1), 103. 147, 1868 ; Bull. Soc. Chim., 
(2), 11 . 50, 1869 ; J . W . S w a n a n d J . A. Kenda l l , Brit. Pat. No. 3509, 1895 ; J . A. M. v a n L i e m p t , 
Zeit. anorg. Chem., 122 .175 , 1922 ; 143. 285 ,1925 ; 181 .425 ,1929 ; H . Grossmann a n d H . K r a m e r , 
ib., 41 . 4 3 , 1904 ; L . Pissar jewsky, ib., 24. 108, 1900 ; F . M. J a g e r , ib., 101. 183, 1917 ; F . M. J a g e r 
a n d H . C Germs , Zeit. anorg. Chem., 119. 161, 1921 ; F . M. J a g e r a n d B . K a p m a , ib., 113. 27 , 
192O ; A. Rosenhe im, ib., 7 . 176, 1894 ; F . M. J a g e r a n d J . K a h n , Proc. Acad. Amsterdam, 19 . 
381, 1916 ; H . C. Germs, De thermische Analyse van Loodsulfaat, -chromaat, -molybdaat, en -wolfra-
tnaat en van hun binaire Combinaties, Groningen, 1917 ; E . Herlinger, Zeit. Kryst., 62. 454, 1925 ; 
M. Amador i , Atti Accad. Lincei, (5), 22 . i, 453 , 609, 1913 ; W . I . Baragiola , Ueber das Verhalten 
der normalen Natrium-Kaliumsalze des Wolframs, Molybddns, und Vanadins gegen Ammonium-
chlorid, Berl in, 1902 ; R . Lorenz a n d W . Herz , Zeit. anorg. Chem., 120. 320, 1922 ; 185. 374, 1924 ; 
138. 33O, 1924 ; H . Schulz a n d G. J a n d e r , ib., 162. 141 , 1927 ; V . I . Spi tz in a n d L. Kaschtanoff , 
ib., 157. 141, 1926 ; V. Spi tz in , Zeit. anal. Chem., 75 . 440 , 1928 ; Zeit. anorg. Chem., 148. 69, 1925 ; 
W . Bi l tz a n d W . K l e m m , ib., 152. 267, 1926 ; F . H o e r m a n n , ib., 177. 145, 1928 ; Beitrag zur 
Kenntnis der Molybdate und Wolframate, Leipzig, 1928 ; F . Bourion, Ann. Chim. Phys., (8), 2 1 . 
97, 191O ; A. Laurent, ib., (3), 21 . 62, 1847 ; H . Rose, Ausfilhrliches Handbuch der analytischen 
Chemie, Braunschweig, 1 . 319, 1851 ; E . Wegelin, Zur Kenntnis einiger Natriunvwolfratnate, 
Zurich, 1906 ; F . Zambonini, SuUe soluzioni solide dei composti di calcio, stronzio, bario e piombo 
con guelli delle " terre rare " e loro importanza pier la mineralogia Chimica, Padova, 1915 ; Atti 
Accad. Lincei, (5), 22 . i, 519, 1913 ; Zeit. Kryst., 58. 22Q, 1923 ; Riv. Ital. Min., 45 . 1, 1915 ; 
L. Kah l enbe rg a n d W . J . T r a u t m a n n , Trans. Amer. Electrochem. Soc*$ 89. 377, 1921 ; E . B l anc , 

Jacobsoh.ru


TUNGSTEN 805 

Journ. Chim. Phys., 18. 28, 1920 ; A. H a r e , Phil. Mag., (6), 48. 412, 1924 ; C. N . Fenne r , Amer. 
Journ. Science, (4), 36. 331 , 1913 ; Zeit. anorg. Chem., 85 . 133, 1913 ; C. J . v a n Nieuwenburg a n d 
C. 1ST. G. de Nooijer , Rec Trav. Chim. Pays-Bos, 47. 627, 1928 ; A. V. D u m a n a k y a n d S. I . Dia t sch-
kovsky , Journ. Russ. Phys. Chem,. Soc, 60. 1053, 1928 ; KoIl. Keit., 48. 49, 1929 ; W . V. B h a g w a t 
a n d N . R . D h a r , Journ. Indian Ghent. Soc, 6. 781 , 1929 ; G. Gore, Electrochemistry, L o n d o n , 99, 
1906 ; E . Bruchhaus , TJeber Reaktionen ztvischen gelosten Stqffen und Gasen bei Belichtung mit 
ultravioletlen Strahlen, Dusseldorf, 1930 ; F . K r a u s s a n d E . B r u c h h a u s , Zeit. anorg. Chem., 189. 
53 , 1930 ; P . Kordes , Zeit. phys. Chem., 152. 161, 1931 ; W . J a n d e r a n d A. Winkel , . t6 . , 149. 97, 
193O ; W . 3L,otz, Leibig's Ann., 9 1 . 7O, 1854 ; P . K r i s h n a m u r t i , . I n d i a n Journ. Phys., 5 . 633 , 
651 , 1930. 

4 E . Ze t tnow, Pogg. Ann.* 130. 46 , 1 8 6 7 ; E . F . A n t h o n , Repert. Pharm., 76. 349, 1836 ; 
Journ. prakt. CTiem., (1), 8. 399, 1836 ; (1), 9. 337, 1836 ; H . Schul tze, ib., (1), 90. 201 , 1863 ; 
Ueber die Darstellung krystaUisirter Verbindungen insbesondere ilber einige krystallisirte molyb-
ddnsaure und ujolframsaure Salze, Got t ingen , 1862 ; Liebig's Ann., 126. 56, 1863 ; F . Wohler a n d 
F . R a u t e n b e r g , ib., 114. 120, 186O ; H . Schiff, ib., 123. 39, 1862 ; R . E . Liesegang, Phot. Arch.. 34. 
180, 1893 ; F . F o u q u e a n d A. Michel-Levy, Synthese des mineraux et des roches, Paris , 191, 1882 ; 
I . D o m e y k o , Ann. Mines, (6), 16. 537, 1869 ; P . R a y a n d J . D a s g u p t a , Journ. Indian Chem. Soc, 
5. 519, 1928 ; S. H . C. Briggs, Journ. Chem. Soc, 85 . 672, 1904 ; J . IX Whi tney , Proc California 
Acad., S. 287, 1866 ; M. A d a m , Tableau mineralogiq'ue, Pa r i s , 32, 1869 ; G. W. Card, Rec. Geol. 
Sur. N.S.W., 5. 121, 1897 ; W. M u t h m a n n , Ber., 20. 983, 1887 ; E . F . Smi th a n d R . H . B r a d b u r y , 
ib., 24. 293O, 1891 ; H . T raube , Neues Jahrb. Min. B.B., 7. 232, 1890 ; O. W i d m a n . Bull. Chim. 
Soc, (2), 20. 64. 1873 ; G. T a m m a n n , Zeit. anorg. Chem., 149. 35 , 1925 ; L . Michel, Bull. Soc 
Min., 2 . 142, 1879 ; Recherches sur quelques tungstates, molybdates, seleniates, tellurates cristallises, 
Par i s , 1889. 

5 G. Carobbi , AtU Accad. Lincei, (5), 32. ii, 79* 1 9 2 3 ; Gazz. Chim. Hal., 54. 59, 1 9 2 4 ; 
A. M. F ind layson , Trans. N.Z. Inst., 40. 110, 1 9 0 7 ; E . F . A n t h o n , Repert. Pharm., 76. 349, 
1836 ; Journ. prakt. Chem., (1), 8. 399, 1836 ; (1), 9. 337, 1836 ; E . Ze t tnow, Pogg. Ann., 130. 
46, 1867 ; C. G. Hoffmann, Kept. Canada Geol. Sur., 6. 2 1 , 1890 ; C. Anderson, Bee Australian 
Museum, 6. 414, 1907 ; K . Becker a n d H . Becker-Rose , Zeit. Physik, 29. 343, 1924 ; J . G. Wal le-
r ius , Mineralogia, S tockholm, 268, 303 , 1747 ; A. Crons ted t , Akad. Handl. Stockholm, 21 . 227, 
1751 ; C. AV. Scheele, ib., 2 . 89, 1781 ; Journ. Phys., 22. 724, 1783 ; A. B re i t haup t , Kurze Charak-
teristik des Mineralsystems, F re iberg , 23 , 1820 ; Vollstdndige Charakteristik des Mineralsystems, 
Dresden , 227, 1832 ; A. G. Werner , Berg. Journ., 386, 1789 ; R . J . Ha i iy , Traite de mineralogie, 
Par i s , 4 . 3 1 1 , 1 8 0 1 ; C. C. Leonha rd , Handbuch der Oryktognosie, Heidelberg , 594, .189 ; 
C. J . B . ICarsten, Schweigger's Journ., 6 5 . 394, 1832 ; D . L . G. K a r s t e n , Mi?ieralogische Tabellen, 
Berl in , 56, 18OO ; C. v o n L innaeus , Systerna naturae, L u g d u n i B a t a v o r u m , 1768 ; IC. Ende l l , 
Sprech., 44. 185, 1911 ; F . M. J a g e r a n d H . H a g a , Proc Acad. Amsterdam., 18. 1350, 1 9 1 6 ; 
H . KIopp, Liebig^s Ann. Suppl., 3 . 289, 1865 ; A . Russel l , Min. Mag., 19. 19, 1920 ; Atti Accad. 
Lincei, (6), 7. 660, 1928 ; G. F l ink , Bull. Geol. Inst. Upsala, 5 . 96, 1900 ; L . Weiss, Zeit. anorg. 
Chem., 65 . 314, 1910 ; O . Balareff, ib., 160. 92, 1927 ; G. T a m m a n n , 149. 2 1 , 1925 ; 160. 101, 
1927 ; F . A. Hengle in , ib., 12O. 77, 1922 ; W . J a n d e r , ib., 166. 3 1 , 1927 ; 174. 11 , 1928 ; 191. 171, 
193O ; 192. 286, 295 , 397, 1 9 3 0 ; F . Ull ik, Sitzber. Akad. Wien, 56. 152, 1 8 6 7 ; Journ. prakt. 
Chem., (1), 103. 147, 1 8 6 8 ; Bull. Soc Chim., (2), 11 . 50, 1 8 6 9 ; L . A . Hal lopeau , ib., (3), 
31 . 1034, 1904 ; Compt. Bend., 139. 283 , 1904 ; W . L o win tha i , Ueber die Rontgenlumineszenz 
der Calciumtvolframate und einiger anderer rontgenlumineszierender Korper, F re iburg , 1908 ; 
D . Vor lander a n d H . H e m p e l , Ber., 60. B , 845 , 1927 ; A . Schleede a n d T. H . Tsao , ib., 
62. B , 763, 1929 ; T . H . Tsao , Chemie und Lumineszenz des Calcium wolfratnats, Greisswald, 
1928 ; A. des Cloizeaux, Nouvelles recherches sur les proprie*t6s optiques des cristaux, Pa r i s , 
1867 ; M. H . K l a p r o t h , Beitrdge zur chemischen Kenntniss der Mineralkorper, Berl in, 3 . 44 , 
1802 ; J . J. Berzel ius, Afhand. Pis. Kemi. Min., 4 . 305, 1815 ; Ami. Chim. Phys., (2), 17. 13, 
1825 ; Pogg. Ann., 4 . 147, 1825 ; 8. 267, 1826 ; Schtveigger's Journ., 16. 476, 1816 ; Ann. Phil., 
3 . 245 , 1814 ; R . B r a n d e s a n d C. F . Bucholz , Schweigger^s Journ., 20. 285, 1817 ; B . K . Alms t rom, 
Geol. Fur. Forh. Stockholm, 47 . 135, 1925 ; A . Roemer , Zeit. deut. geol. Ges., 15. 607, 1863 ; 
E . Tiede a n d A . Schleede, Zeit. Elehtrochem., 29. 305, 1923 ; F . A . Bernoull i , Pogg. Ann., 111. 607, 
1860 ; E . Cane, Rend. Accad. Napoli, (3), 32 . 83 , 1926 ; M. Choubine, Russ. Ann. Mines, 317, 
1841 ; A . Delesse, Bull. Geol. Soc, (2), 10. 17, 1853 ; L . Kah lenbe rg a n d W . J. T r a u t m a n n , Trans. 
Amer. Electrochem. Soc, 39. 377, 1921 ; F . E . Swindells, Journ. Amer. Opt. Soc, 16. 165, 1928 ; 
D . Lovisa to , Atti Accad. Lincei, (5), 16. i, 632, 1907 ; A . Poche t t ino , ib., (5), 13. i, 301 , 1904 ; 
F . de Carli , ib.9 (6), 1. 533 , 1925 ; L . Colomba, ib., (5), 15 . i, 281 , 1905 ; A. Serra, ib., (5), 18. i i , 
630, 1 9 0 9 ; F . Rodol ico , ib., (6), T. 66O, 1 9 2 8 ; W . Arnold , Wied. Ann., 61 . 321, 1 8 9 7 ; 
J . J*. Saslawsky, Zeit. Kryst., 59 . 170, 1923 ; W . Ducca , Ueber lumineszierende Stojfe und die 
Radioaktivitdt des Urans, Munchen , 1905 ; G. Ogden, La Nature, 24. ii , 175, 1896 ; K . Kei lhack, 
Natur. Bund., 14. 415, 1899 ; Zeit. deut. geol. Ges., 50 . 131, 1899 ; F . Dreuschuch, Fortschr. 
Rontgenstrahlen, 4 . 180, 19Ol ; R . J . S t r u t t , Phil. Mag.9 (6), 6. 250, 1903 ; G. F . K u n z a n d 
C. Baskervi l le , Chem. News, 89. 1, 1904 ; P . Schuhkneoht , Untersuchungen iiber ultraviolette 
Fluoreszenz durch R6ntgender Kathodenstrahlen, Leipzig, 1905 ; A. D . Cox, Bull. U.S. Geol. Sur., 
652, 1917 ; M. D . Draper , ib., 652, 1917 ; G. T . L ind ro th , Geol. For. For7i. Stockholm, 44. HO, 
1922 ; 46. 168, 1924 ; P . Berber ich, Jahrb. Berg. HuU., 48 , 1914 ; B . Setlik, Chem. Ztg.f 13. 1474, 
1889 ; E . Hugi, Mitt. Naturforsch. Ges. Bern, 12, 1919 ; Hf. Hirschi , Schweiz. Min. Pet. MiU., 3 . 
160, 1923 ; L . Vegard, Phil. Mag., (7), 1. 1151, 1926 ; L . Vegard and A. Iteisnin, Norske Vid. Akad 



806 INORGANIC AND THEORETICAL CHEMISTRY 

Skr., 12, 1927 ; F . C. Henrici and J . F . L. H a u s m a n n , Gott. Ver. Berg. Freunde, 4 . 215, 1843 ; 
E . W a r t m a n n , Mem. Sciences Geneve, (1), 12. 1, 1853 ; T . B a r t h , Norsk. Oeol. Tids., 0. 23 , 1926 : 
F . Beijerinck, Neues Jahrb. Min. B.B., 11. 403, 1897 ; T. A. L. du Monoel, Lumiere elect., 7 . 73> 
1882 ; Gompt. Rend., 81 . 514, 1875 ; 92. 39, 1881 ; J. J. Rubber , Mining Scient. Press., 183. 11 , 
1916 ; F . Machatschky , Zeit. KrysU, 67 . 163, 1928 ; E . E . F a i rb an k s , Econ. Geol., 21 . 399, 1926 ; 
J - A. Hedval l and N . von Zweigbergk, Zeit. anorg. Ghent., 108. 119, 1919 ; J. Lefort , Gompt. Rend., 
88. 798, 1876 ; Recherches chimiques sur les tungstates, Pa r i s , 1878 ; Ann. Chim. Phys., (5), 
9. 99, 1876 ; (5), 15. 326, 1878 ; (5), 17. 476, 1879 ; (6), 22. 195, 1891 ; N . S. Manross , Liebig's 
Ann., 8 1 . 243, 1852 ; H . Schurbze, Ueber die Darstellung hrystallisirter Verbindungen insbesondere 
ilber einige krystallisirte molybddnsdure und wolframsaure Salze, Got t ingen , 1862 ; Liebigys Ann,, 
126. 56, 1863 ; A. Dreve rmann , ib., 89. 11 , 1854 ; A. Geuther a n d E . Forsberg , ib., 120. 270, 
1861 ; Gott. Nachr., 225, 1861 ; J . E y e r m a n , Minerals of !Pennsylvania, E a s t o n , Pa . , 1911 ; 
H . Debray , Gompt. Rend., 55. 287, 1862 ; E . J a n n e t a z , ib., 114. 1352, 1892 ; A. Rad igue t , ib., 124. 
179, 1897 ; C. de Rohden , ib., 159. 318. 1914 ; A. Carnot , ib., 79. 638, 1874 ; A. Mace, ib., 36. 825, 
1853 ; S. H . C. Briggs, Journ. Ghem. Soc, 85. 672, 1904 ; J . O. Perr ine, Phys. Rev., (2), 22. 48 , 
1923 ; S. Traverso , Resoccontio Riunioni Soc. Min. Sarda., (8), 6. 8, 1901 ; F . A. Gen th , Amer. 
Journ. Science, (2), 28. 252, 1 8 5 9 ; G. T. Bowen, ib., (1), 5. 118, 1 8 2 2 ; F . W. Clarke a n d 
J. Iu. Davis , ib., (3), 14. 281 , 1877 ; M. Bauer , Crystallographische Untersuvhung des ScheeUts, 
W u r t e m b e r g , 1871 ; Wurtemberg. Ver. Nat. Jahresb., 27. 129, 1871 ; Pogg. Ann., 143. 452, 
1871 ; Neues Jahrb. Min., 879, 1871 ; S. Koch , FoIdU KozL, 54. 85, 1925 ; Ann. Musei Hungarici, 
22. 142, 1925 ; E . F . Smi th , Journ. Amer. Ghem. Soc, 20. 289, 1898 ; E . F . Smi th a n d R . H . Brad­
bury , Gentr. Min., 727, 1903 ; H . T r a u b e , ib., 679, 19Ol ; Neues Jahrb. Min. B.B., 7. 232, 189O : 
L . Michel, Recherches sur quelques tungstates, rnolybdates, s4leniates, tellurates cristallis^s, Pa r i s , 
1889 ; Bull. Soc. Min., 2 . 142, 1879 ; A. de Schul ten , ib., 26. 112, 1903 ; A. Lacroix , ib., 3 1 . 349, 
1908 ; C. H . Boissevain a n d W. F . Drea , Rhys. Rev., (2), 3 1 . 851 , 1928 : A. Cossa, AUi Accad. 
Lincei, (3), 3 . 25 , 1879 ; (3), 4. 233, 1880 ; Gompt. Rend., 87. 377, 1878 ; Gazz. Chim. ItaL, 9. 
118, 1 8 7 9 ; 10. 467, 1 8 8 0 ; Ricerche chimiche e microscopiche su rocciie e minerali d^lttilia, 
Torino, 287, 1881 ; F . Zambonin i , AUi Accad. Lincei, (5), 15. i, 558, 1906 ; Zeit. KrysU, 41 . 6 1 , 
1905 ; Suite soluzioni solide dei composti di calcio, stronzio, bario, e piombo con quelli delta ** terre 
rare " e loro irnportanza per la mineralogia chimica, P a d o v a , 1915 ; Riv. ltal. Min., 45 . 1, 1915 ; 
Zeit. KrysU, 12. 411 , 1887 ; C. Schmidt , ib., 24. 137, 1895 ; 36. 160, 1902 ; H . Saegusa , Scient. 
Rep. Tohoku. Univ., 1 1 . 463, 1922 ; .J. W . Re tgers , Zeit. phys. Ghem., 8. 6, 1891 ; M. JL. Huggins , 
Rhys. Rev., (2), 2 1 . 719, 1923 ; C. Scheibler, (1), 80. 204, 1860 ; Journ. prnkt. Ghem., (1), 8 3 . 273, 
1 8 6 1 ; Ghem. News, 6. 181, 1862; Sitzber. Akad. Berlin, 208, 1860 ; JJe tvol/ramiatibus, Konigsberg , 
1861 ; M. G. Bogoslovsky, A. A. Mamurovsky and P . V. Sav i tzkaya , Russ. Pat. No. 5013, 1928 ; 
H . Dauber , Pogg. Ann., 107. 272, 1859 ; V. M. Goldschmidt , Geochem. Vert. Ges., 7. 2, 1926 ; 
C. F . Rammelsberg , Pogg. Ann., 78 . 514, 1849 ; Zeit. deut. geol. Ges., 19. 493, 1867 ; P . Gro th , 
Die Mineraliensammlung der Kaiser Wilhelms Universitat Strassburg, S t rassburg , 157, 1868 ; 
G. v o m R a t h , Ber. Niederrh. Ges. Bonn, 215, 1882 ; J . Block, ib., 68, 19O0 ; E . K . Broch, Zeit. phys. 
Ghem., 1. B , 409, 1928 ; Norske Vid. Akad. Skr., 8, 1929 ; R. G. Dickinson, Journ. Amer. Ghem. 
Soc., 45. 85, 1920 ; V. R . von Zepharovich, Lotos., 34. 81 , 1885 ; Mineralogisches Lexicon JiXr d*is 
Kaiserthum Oesterreich, Wien, 1885 ; L. J . lge l s t rom, Geol. For. Forh. Stockholm, 13 . 122, 1891; 
E . Pechard , Ann. Chim. Phys., (6), 22. 202, 1891 ; J . R. Pa r t i ng ton , Nature, 125. 636, 1930; 
T . Hio r tdah l , Zeit. KrysU, 12. 411 , 1887 ; W. J a n d e r a n d W. S t a m m , Zeit. anorg. Ghem., 190. 95 , 
1930 ; W. J a n d e r , ib., 190. 397, 1930 ; 191. 171, 1930 ; 192. 286, 295, 1930 ; E . K u n a u , Reindar-
stellung und Lumineszenz von Calcium-uiolframat, Cadmium-jodid und Kalomel, Greisswald, 193O ; 
I . I . N a v a n o a n d J . Palacios, Anal. Fis. Quint., 72. 846, 1929 ; F . R. v a n Horn , Amer. Min., 15. 
460, 1930 ; W. Florence, Centr. Min., 725, 1903. 

6 G. T a m m a n n , Zeit. anorg. Ghem. 149. 2 1 , 1925 ; E . F . A n t h o n , Repert. Pharm., 76. 349, 
1 8 3 6 ; Journ. prakt. Chem , (1), 8. 399, 1836 ; (1), 9. 337, 1 8 3 6 ; J . Lefort , Gompt. Rend., 88 . 
798, 1876 ; Recherches chimiques sur les tungstates, Pa r i s , 1878 ; Ann. Chim. Phys., (5), 9. 99, 
1 8 7 6 ; (5), 15. 326, 1 8 7 8 ; (5), 17. 476, 1 8 7 9 ; F . A. Bernoull i , Pogg. Ann., 111. 607, 1 8 6 0 ; 
W . Lotz , Liebig's Ann., 9 1 . 49, 1854 ; C. W. Balke a n d E . F . Smi th , Journ. Amer. Ghent. Soc, 
25. 1229, 1903 ; JJ. C. l>aniels, ib., 30. 1846, 1908 ; Derivatives of Complex Inorganic Acids, 
Phi lade lphia , 1908 ; A. Rogers and E . F . Smi th , Journ. Amer. Ghem. Soc., 26. 1474, 1904. 

7 C. Renz , Beitrdge zur Kenntnis des Indiums und Thalliums, Breslau, 1902 ; Ber., 34. 2763, 
1901 ; H . F l emming , Jena. Zeit., 4 . 34, 1868 ; Bull. Soc. Chim., (2), 10. 235, 1868 ; E . Schaefer, 
Beitrdge xur Kenntnis der Wolframverbindungen, Berl in, 1903 ; Zeit, anorg. Chem., 88. 171, 1904 ; 
P . S. Oet t inger , On the Combinations of Thallium, Berl in, 30, 1 8 6 4 ; Zeit. Chem., (1), 7. 440, 
1864. 

8 G. T a m m a n n , Zeit. anorg. Chem., 149. 21 , 1925 ; G. T a m m a n n a n d W. Rosen tha l , ib., 156. 
20, 1926 ; A . Cossa, Gazz. Chim. ItaL, 9. 118, 1879 ; 10. 467, 1880 ; 16. 284, 1886 ; A . Cossa a n d 
M. Zecchini, ib., 10. 225, 1880 ; G. Carobbi a n d G. Tancredi , ib., 58. 45 , 1928 ; F . Zambon in i , 
Suite soluzioni solide dei composti di calcio, stronzio, bario, e piombo con quelli delle ** terre rare '* 
c loro irnportanza per la mineralogia chimica, P a d o v a , 1915 ; Atti Accad. Lincei, (5), 16 . i, 558, 
1906 ; (5), 22 . i, 519, 1913 ; Zeit. KrysU, 41 . 6 1 , 1905 ; 58. 226, 1923 ; JBw. Ital. Min., 45. 1, 
1 9 1 5 ; P . IMdier, CompU Rend., 102. 823, 1 8 8 6 ; A. J . H o g b o m , Bull. Soc. Chim., (2), 42- 2 , 
1 8 8 4 ; Oefvers. Svenska Akad. Forh., 40 . 5, 1 8 8 4 ; A. Rogers a n d E . F . S m i t h , Journ. Amer. 
Chem. Soc., 26. 1474, 1904 ; F . R . M. Hi tchcock, ib., 17. 483, 1895 ; H . T r a u b e , Centr. Min., 
679, 1901 ; P . T . Cleve, Oefvers Svenska Akad. Fdrh., 4O. 7, 1 8 8 3 ; Bull. Soc. Chim., (2), 48 . 



TUNGSTEN 807 

162, 1 8 8 5 ; Chem. News, 53 . 93 , 1 8 8 6 ; A. Cleve, €6., 86. 248, 1 0 0 2 ; Oefvers. Svenska Akad. 
Porh., 58. 573, 1902 ; Zeit. anorg. Chem., 32. 152, 1902. 

9 O. Kulka, Beitrdge zur Kenntnis einiger Zirkoniumverbindungen, Bern, 1902 ; L. A. Hallo-
peau, Bull. Soc CMm., (3), 15. 917, 1896 ; Compt. Rend., 122. 14]9 , 1896 ; G. N . WyroubofT, 
BuU. Soc Mitt., 19. 285, 1896 ; W . Nerns t , German Pat., tf.R.P. 184704, 1896 ; J . J . Berzeliue, 
Pogg. Ann.* 16. 385, 1829 ; A. J". Hogbom, Bull. Soc. Chim., (2), 42. 2, 1884 ; Oefvers. Svenska 
A had. Forh., 4O. 5, 1884. 

1 0 F . de Carli, AUi Accad. IAncei, (6), 1. 533, 1925 ; E . F . An thon , Journ. prakt. Chem., (1), 
9. 341 , 1836 ; G. von Knor r e , ib., (2), 27. 94, 1 8 8 3 ; W. Lotz , Liebig's Ann., 91 . 49, 1 8 5 4 ; 
S. P r a k a s h a n d N . K. I>har, Journ. Indian Chem. Soc, 6. 391 , 587, 1929. 

1 1 A. Bre i thaup t , Kurze Charakteristik des Mineralsysterna, Freiberg, 14, 1820 ; F . S. Boudan t , 
Traite H&menteiire de miniralogie, Paris, 2. 662, 1832 ; W. Haidinger, Handbuch der bestimmenden 
MineraZogie, Wien, 504, 1845; A. Levy, Description d*une collection de min&raux formee par 
M. Henri Heuland, Londres , 2. 473, 1837 ; Pogg. Ann., S. 513, 1826 ; Ann. Phil., 28. 364, 1826 ; 
K . H . T. K e r n d t , Journ. prakt. Chem,., (1), 42. 113. 1847 ; E . F . Anthon, ib., (1), 9. 342, 1836 ; 
J . Brown, Proc. Glasgow Phil. Soc., 2 . 18O, 1848 ; Phil. Mag., (3), 3 1 . 253, 1847 ; F . J . Chapman , 
ib., (4), 6. 12O, 1853 ; W. A. Larapad ius , Schweigger's Journ., 31 . 254, 1821 ; F . von Kobeli , ib., 
64. 41O, 1832 ; C. Friedheim, Ueber die Konstitution der Mctawolframsdurc und ihrer Salze, 
Fre iburg , 16, 1 8 8 2 ; F . C. N a u m a n n , Pogg. Ann., 34. 373, 1 8 3 5 ; E . Ze t tnow, ib., 130. 24O, 
1867 ; W . Florence, Centr. Min., 725, 1903 ; E . Hussak , ib., 723, 1903 ; H . Traiibo, ib., 679, 
19Ol ; C. Hlawat seh , ib., ±2&, 1905 ; Ann. Hofmus. Wien, 12. 33 , 1896 ; Zeit. Kryst., 29. 13O, 1898 ; 
31. 1, 1899 ; 42. 587, 1906 ; P . Niggli, ib., *56. 42, 1921 ; J . J. Saslawsky, ib., 59. 170, 1 9 2 3 ; 
N . S. Manross, Liebig's Ann., 8 1 . 243, 1852 : 82. 357, 1852 ; W . Lotz , ib., 9 1 . 49, 1854 ; E . Cane, 
Mend. Accad. Napoli, (3), 32. 83, 1926 ; H. C. Germs, JJe thermische Analyse van Loodsulfaat, 
-chrom^uit, -molybdaat, en -wolframaat en van hun binaire Combinaties, Groningen, 1917 ; F. M. Jager 
a n d H . C. Germs, Zeit. anorg. Chem., 119. 161, 1921 ; G. T a m m a n n , ib., 149. 2 1 . 1925 ; 160. 101, 
1927 ; IX Balareff, ib., 160. 92, 1927 ; F . A. Henglein, ib., 120. 77, 1922 ; A. Rosenheim a n d 
F . K o h n , ib., 69. 251 , 1911 ; W . J a n d e r , ib., 174. 11, 1928 ; L. Michel, Bull. Soc. Min., 2 . 142, 1879 ; 
Recherches sur quclques tungstates, molybdates,s^lSniates, tellurates cristallises, Paris, 1889; W. Meyer-
hofTer, Zeit. phys. Chem., 38. 307, 1901 ; J. C. H. Mingaye, Pec. Geol. Sur. New South Wales, 9. 171, 
1916 ; A. T . Ul lmann , Journ. Boy. Soc. N.S.W., 46. 186, 1912 ; C. IX Smi th and L. A. Cot ton , 
ib., 46. 207, 1912 ; F . K r a n t z , Nature, Sept . 12, adv t . , 1912 ; IX Lovisato , Atti Accad. Lincei, 
(5), 13. H, 43 , 1904 ; F . Zambonin i , Riv. Min. Ital., 45 . 1, 1 9 1 5 ; Gazz. Chim,. Ital., 50. ii, 128. 
192O ; Sulle soluzioni solide dei composti di calcio, stronzio, bario, e piornbo co?i quelli delle ** terre 
rare " e loro importanze per la mineralogia chimica, Padova, 1915 ; Atti Accad. IAncei, (5), 22. 
i, 519, 1913 ; F . de Carli, ib., (6), 1. 533, 1925 ; E . Art ini , Rend. 1st. Lombardo, 38. 373, 1905 ; 
Riv. Min. Crist. Ital., 16. 25 , 1896 ; L. Kah lenbe rg and W. J . T r a u t m a n n , Trans. Amer. Electro-
chem. Soc, 39. 377, 1921 ; B . K . Emerson , Bull. U.S. Geol. Sur., 126, 1895 ; E . S. Larsen, ib., 
679, 1921 ; E . F . Smi th , Chem. Nervs, 135. 113, 129, 1927 ; E. F . Smi th a n d R. H . Bradbury , 
BuU. Soc. Chim., (3), 8. 28O, 1892 : Ber., 24. 293O, 1891 ; IX Vorlander and H . Hempel , ib., 60. 
B , 845, 1927; E . W a r t m a n n , Mem. Sciences Geneve, (1), 12. 1, 1853 ; L,. Vegard a n d A. Refsum, 
Norske Vid. Akad. Skr. 2 1927. 

1 2 E . F . S m i t h a n d R . ' r l . B r a d b u r y , Ber., 24. 293O, 1891 ; F . Zambonini , Gazz. Chim. Ital., 
50. ii, 128, 1920 ; J . Lefort , Compt. Rend., 87. 748, 1878 ; 88. 798, 1879 ; C. W . Balko and 
E . F . Smi th , Journ. Amer. Chem. Soc., 25 . 1229, 1903. 

1 3 E . F . Smi th , Proc. Amer. Phil. Soc, 44. 151, 1905. 
1 4 J . Lefort , Ann. Chim. Phys., (5), 15. 337, 1 8 7 8 ; (5), 17- 483, 1879 ; Compt. Rend., 88. 

798, 1879 ; E . F . Smi th a n d H . L. Dieck, Zeit. anorg. Chem., 5. 13, 1893 ; E . F . Smith , ib., 15. 
151, 1 8 9 3 ; W . Lotz , IAebig's Ann., 91 . 66, 1854 ; W. Kantscheff, Chem. Ztg., 36. 199, 1912; 
Journ. Russ. Phys. Chem. Soc, 46. 729, 1914; S. Prakash and N. R. Dhar, Journ. Indian Chem. 
Soc9 7. 367, 193O. 

1 5 J . J . Berzelius, Pogg. Ann., 6. 384, 1826 ; C. F . Rammelsberg , ib., 59. 31 , 1843 ; J . Lefort , 
Compt. Rend., 87. 749, 1878 ; Ann. Chim. Phys., (5), 15. 321, 1878 ; O. W . Gibbs, Amer. Chem. 
Journ., 17. 174, 1895 ; L. Fe rnandes , Gazz. Chim. Ital., 56. 655, 1926. 

l e E . F . A n t h o n , Journ. prakt. Chem., (1), 9. 339, 1836 ; A. Geuther and E . Forsberg, Liebig's 
Ann., 120. 273, 1861 ; E . Ze t tnow, Pogg. Ann., 130. 249, 1867 ; P . Gro th and A. Arzruni , ib., 
149. 236, 1873 ; A. J u s t , Ber., 36. 3619, 1903 ; A. Rogers a n d E . F . Smi th , Journ. Amer. Chern. 
Soc, 26. 1475, 1904 ; A. Rosenheim, Zeit. anorg. Chem., 96. 139, 1916 ; A. Rosenheim and 
H . Schwer, ib., 89 . 233, 1914 ; H . Schwer, Ueber neu7ibasische Heteropolysauren, Berlin, 1914 ; 
E . K . Brooh, Zeit, phys. Chem., 1. B , 406, 1928 ; Norske Vid. Akad. Skr., 8, 1929 ; W. J ande r , 
Zeit. anorg. Chem., 191. 171, 1930 ; 192. 286, 295, 397, 1930. 

*» J - J . and F. de Elhuyar, Andlisis quimico del volfram y exdmen de un nuovo metal que entra en 
su composition, Baseongada, 1783 ; A Chemical Examination of Wolfram and Examinatiori, of a 
New Metal which enters into its Composition, London, 1785 ; Chemische Zerkleiderung des Wolframs, 
Halle, 1786 ; MIm. Acad. Toulouse, 2. 141, 1784 ; A. Weisbaeh, Synopsis mineralogica, Freiberg, 
40 1875 ; A. Breithaupt* Vollstandige Charakteristik des Mineralsystems, Dresden, 227, 1832 ; 
Berg. HuIt. Ztg., 11. 189, 1852 ; H . Credner, ib., 24. 37O, 1865 ; E . R io t t e in H . Credner, Berg. 
HHU. Ztg., 24. 370, 1865 ; K . L . T . Liebe, Neues Jahrb. Min., 652, 1863 ; O. Luedecke, ib., 286» 
1879 ; C. F . Rammelsberg , Pogg. Ann., 77. 246, 1849 ; 84. 154, 1851 ; Handbuch der Mineral-
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§ 13. The Ditungstates and Tritungstates 

T h e cond i t i ons of equ i l i b r i um of l i t h i u m d i tungs ta te , L i 2 W 2 O 7 , accord ing t o 
J . A . M. v a n L i e m p t , 1 a n d F . H o e r m a n n a r e s h o w n i n F i g . 2 5 . T h e c r y s t a l s a r e 
p r o b a b l y r h o m b i c , a n d t h e c o m p o u n d m e l t s a t 745° , a n d h a s a t r a n s i t i o n p o i n t a t 
687°* G. v o n K n o r r e m e l t e d a m i x t u r e of a m o l of s o d i u m c a r b o n a t e a n d 2 mo l s 
of t u n g s t e n t r i o x i d e a n d o b t a i n e d , on cool ing, a m a s s of a c i c u l a r — p r o b a b l y r h o m b i c 
— c r y s t a l s of s o d i u m d i tungs ta te , N a 2 0 . 2 W O 3 . I t d issolves c o m p l e t e l y w h e n 
h e a t e d for s o m e h o u r s w i t h w a t e r a t 130°—150°, a n d t h e a lka l ine soln. does n o t 
c rys ta l l i ze ; i t c o n t a i n s s o d i u m t u n g s t a t e a n d m e t a t u n g s t a t e . I . T r a u b e found t h e 
d r o p w e i g h t of t h e m o l t e n sa l t t o b e 189 w h e n t h a t of w a t e r a t 0° is 100. F . H o e r ­
m a n n , a n d J . A . M. v a n L i e m p t s t u d i e d t h e c o n d i t i o n s of equ i l ib r ium, F i g . 25 ; 
t h e c o m p o u n d h a s a m . p . of 738° , a n d a t r a n s i t i o n t e m p , of 747°. V. I . Sp i t z in 
a n d Li. Kasch t ano f f f o u n d t h e r e a c t i o n w i t h h y d r o g e n ch lor ide is t o fo rm t h e o x y d i -
ch lo r ide a n d n o r m a l t u n g s t a t e w h i c h r e a c t s a s p r e v i o u s l y i n d i c a t e d . C. Scheibler 
s t u d i e d t h e a c t i o n of p h o s p h o r i c ac id o n t h e t u n g s t a t e ; a n d J . Lefor t o b t a i n e d 
q u i n i n e d i t u n g s t a t e b y t h e a c t i o n of a soln . of q u i n i n e . J . Le fo r t r e p o r t e d t h e hexa-
hydraie t o b e f o r m e d in p r i s m a t i c c r y s t a l s w h e n a cold, s a t . soln . of s o d i u m t u n g s t a t e 
is m i x e d w i t h ace t i c ac id—if oxa l ic ac id is u sed , t h e p r o d u c t is c o n t a m i n a t e d w i t h 
s o d i u m o x a l a t e . T h e s a l t is s t a b l e in a i r ; i t m e l t s i n i t s o w n w a t e r of c rys ta l l i za t ion ; 
a n d 100 p a r t s of w a t e r a t 15° d issolve 13 p a r t s of t h e sa l t . G. v o n K n o r r e cou ld 
n o t p r e p a r e t h i s sa l t , b u t a l w a y s o b t a i n e d t h e p a r a t u n g s t a t e i n s t e a d . C. F r i e d h e i m 
r e p o r t e d t h a t p r i s m a t i c c r y s t a l s of t h e dodecahydrate s e p a r a t e f rom t h e m o t h e r -
l i q u o r o b t a i n e d in p r e p a r i n g s o d i u m v a n a d a t o t u n g s t a t e . I t is d e c o m p o s e d b y w a t e r 
i n t o n o r m a l t u n g s t a t e a n d p a r a t u n g s t a t e . F o r t h e o b s e r v a t i o n s of V. I . Sp i tz in , 
a n d o t h e r s , o n t h e r e d u c t i o n of t h e d i t u n g s t a t e s , vide supra, s o d i u m b ronzes . 
A . R i c h e fused a n e q u i m o l a r m i x t u r e of t u n g s t e n t r i ox ide a n d p o t a s s i u m t u n g s t a t e , 
p o u r e d t h e m a s s on a cold m a r b l e s l ab , a n d o b t a i n e d a colourless c rys ta l l ine m a s s . -
JE. F . A n t h o n m a d e a s imi la r e x p e r i m e n t . Acco rd ing t o J . Lefor t , if ace t ic or 
oxa l ic a c id is g r a d u a l l y p o u r e d i n t o a cold, cone . soln. of p o t a s s i u m t u n g s t a t e , a 
w h i t e , c u r d y p r e c i p i t a t e of p o t a s s i u m ditungstate, , K 2 0 . 2 W O 3 . 2 H 2 O , is fo rmed . 
100 p a r t s of w a t e r a t 15° dissolve 8 p a r t s of t h e dihydrate. If t h e soln. in boi l ing 
w a t e r b e cooled , t h e trihydrate s e p a r a t e s o u t . 100 p a r t s of w a t e r dissolve 2 t o 3 
p a r t s of t h e sa l t . M. A m a d o r i ' s t h e r m a l ana lys i s s h o w e d t h a t a p o t a s s i u m d i t u n g ­
s t a t e ex i s t s . A s in t h e case of s o d i u m d i t u n g s t a t e , G. v o n K n o r r e cou ld n o t verify 
J . L e f o r t ' s o b s e r v a t i o n s , s ince t h e p a r a t u n g s t a t e w a s a l w a y s fo rmed . O. W . Gibbs , ^ 
C. Gonza les , a n d E . F . S m i t h were u n a b l e t o conf i rm J . Le fo r t ' s obse rva t ion—v ide " 
infra, t h e d e c a t u n g s t a t e s . J . A. M. v a n L i e m p t ' s s t u d y of t h e s y s t e m K 2 W O 4 - W O 3 
does n o t s h o w t h e ex i s t ence of a n y s t ab l e d i t u n g s t a t e , F ig . 3 3 . 

E . F . A n t h o n sa id t h a t if a soln. of a c o p p e r s a l t is t r e a t e d w i t h a n a lka l i d i t u n g ­
s t a t e , a pa l e g reen p r e c i p i t a t e of copper d i tungstate , C u 0 . 2 W 0 3 . 4 H 2 0 , is f o rmed . 
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I t is decomposed b y h e a t , w i t h t h e loss of w a t e r . I t is t h e n b r o w n . T h e sa l t is 
soluble in aq. . a m m o n i a , a n d is decomposed b y n i t r i c acid . M a n y of t h e d i t u n g -
s t a t e s r e p o r t e d b y t h e ear ly worke r s a p p e a r t o h a v e been p a r a t u n g s t a t e s . J . Lefor t 
o b t a i n e d a n h y d r o u s c a l c i u m di tungstate , CaO.2WO 3 , a s a w h i t e p r e c i p i t a t e b y 
t r e a t i n g a soln. of ca lc ium a c e t a t e w i t h s o d i u m d i t u n g s t a t e a t 15°. 100 p a r t s of 
wa t e r dissolve 0*2 p a r t of t h e sa l t . If t h e mo the r - l i quo r be e v a p o r a t e d , or if t h e 
p rec ip i t a t e be boiled w i t h w a t e r , w h i t e p l a t e s of t h e trihydrate a re fo rmed . A t 
15°, 100 p a r t s of w a t e r dissolve 3-3 p a r t s of t h e sa l t . E . F . A n t h o n o b t a i n e d w h a t 
he r ega rded as s t ront ium di tungstate , S r O . 2 W O 3 . 4 H 2 O , b y doub le decompos i t i on ; 
a n d J . L*efort ob t a ined a trihydrate a s a wh i t e p r ec ip i t a t e b y t h e a c t i o n of a soln . 
of s o d i u m d i t u n g s t a t e on one of s t r o n t i u m a c e t a t e . E . F . A n t h o n ' s p r o d u c t w a s 
insoluble in cold w a t e r , b u t soluble in h o t phosphor i c a n d oxal ic ac ids . J . Lefor t 
p r e p a r e d b a r i u m di tungstate , B a O . 2 W O 3 - H 2 O , as in t h e case of t h e ca lc ium sa l t . 
I t is m o r e soluble in w a t e r t h a n n o r m a l b a r i u m t u n g s t a t e . J . Le fo r t p r e p a r e d 
m a g n e s i u m di tungstate , M g O . 2 W O 3 . 8 H 2 O , b y w a r m i n g a m i x t u r e of m a g n e s i u m 
h y d r o x i d e w i t h a n excess of t u n g s t i c acid, a n d a l i t t l e w a t e r on a s a n d - b a t h for 
severa l h o u r s ' rep lac ing t h e w a t e r los t b y e v a p o r a t i o n f rom t i m e t o t i m e . P r i s m a t i c 
c rys t a l s a re formed ; a t 15°, 100 p a r t s of w a t e r dissolve one p a r t of sa l t . A n a q . 
soln. of m a g n e s i u m t r i t u n g s t a t e depos i t s a bas ic sa l t , 3 M g O . 2 W O 3 . 4 H 2 O , a f te r 
some hour s . J . Lefor t o b t a i n e d z inc d i tungstate , Z n 0 . 2 W 0 3 . 3 H 2 0 , i n ac icu la r 
c rys ta l s , b y c o n c e n t r a t i n g a m i x e d soln. of a z inc sa l t a n d s o d i u m d i t u n g s t a t e ; 
1OO p a r t s of w a t e r a t 15° dissolve 10 p a r t s of t h e sa l t . E . F . A n t h o n t r e a t e d a n 
excess of a boi l ing soln. of mercur ic chlor ide w i t h sod ium t u n g s t a t e a n d o b t a i n e d 
a wh i t e insoluble p rec ip i t a t e of mercur ic d i tungstate , H g O . 2 W O 3 , wh ich is decom­
posed b y soda- lye t o form r ed mercu r i c ox ide . 

J . Lefor t m i x e d soln. of lead a c e t a t e a n d s o d i u m d i t u n g s t a t e a n d o b t a i n e d 
lead d i tungstate , P b O . 2 W O 3 . 2 H 2 O , a s a w h i t e p r e c i p i t a t e wh ich loses i t s w a t e r 
w h e n h e a t e d ; i t m e l t s a t a r e d - h e a t ; a n d a t 15°, 100 p a r t s of w a t e r dissolve 
1*25 p a r t s of sal t . J . Le fo r t m i x e d soln. of b i s m u t h a c e t a t e a n d s o d i u m t r i t u n g -
s t a t e in t h e p resence of alcohol , a n d o b t a i n e d b i s m u t h d i tungstate , B i 2 (W 2 O 7 J 3 . 
8 H 2 O , as a wh i t e p r ec ip i t a t e . 

E . F . A n t h o n o b t a i n e d ferrous d i tungstate , F e O . 2 W O 3 . 2 H 2 O , as a b r i ck - red or 
b r o w n p rec ip i t a t e b y t r e a t i n g a soln. of a fer rous sa l t w i t h a n a lka l i d i t u n g s t a t e 
— J . J . E b e l m e n u s e d a m m o n i u m d i t u n g s t a t e . T h e sa l t is n o t so luble in w a t e r , 
b u t i t dissolves in h o t oxal ic or p h o s p h o r i c ac id ; di l . hyd roch lo r i c ac id e x t r a c t s 
t h e i ron, b u t w i th t h e cone , ac id some ferrous i ron is oxid ized a n d some b lue t u n g s t e n 
ox ide is fo rmed. Cold alkal i - lye e x t r a c t s t u n g s t e n t r iox ide . E . F . A n t h o n o b t a i n e d 
a r edd i sh -b rown p rec ip i t a t e of cobal t d i tungstate , C o O . 2 W O 3 . 3 H 2 O , b y t r e a t i n g a 
coba l t sa l t soln. w i t h sod ium d i t u n g s t a t e . T h e p r e c i p i t a t e is insoluble in w a t e r , 
spa r ing ly soluble in oxal ic acid , a n d soluble in w a r m p h o s p h o r i c acid, ace t ic acid , 
a n d a q . a m m o n i a . E . F . A n t h o n also r e p o r t e d n i cke l d i tungstate , N i O . 2 W O 3 . 4 H 2 O . 
As i n d i c a t e d a b o v e , m a n y of t he se d i t u n g s t a t e s a r e n o w t h o u g h t t o be p a r a t u n g ­
s t a t e s . 

J . C. G. de Mar ignac 2 o b t a i n e d n o r m a l a m m o n i u m t u n g s t a t e b y e v a p o r a t i n g 
o v e r qu ick l ime a soln. of h y d r a t e d t u n g s t i c ac id in aq . a m m o n i a ; b u t , on one 
occas ion h e o b t a i n e d a m m o n i u m tr i tungstate , 4 ( N H 4 ) 2 0 . 3 W 0 3 . 3 H 2 0 , in i n d i s t i n c t 
c ry s t a l s wh ich dissolve in a q . a m m o n i a , fo rming t h e n o r m a l sa l t ; t h e a q . soln . 
soon depos i t s c rys t a l s of t h e n o r m a l sa l t . E . T . Allen a n d V* H . G o t t s c h a l k a d d e d 
h y d r o x y l a m i n e hydroch lo r ide t o a soln. of s o d i u m t u n g s t a t e , a n d o b t a i n e d w h i t e 
c ry s t a l s of h y d r o x y l a m i n e tr i tungstate , 4 (2STH 2 OH).3W0 3 . 3H 2 0 . W h e n d r y , t h e 

m co lour is pa l e yel low. T h e sa l t decomposes v igorous ly w h e n h e a t e d ; a n d i t i s 
freely so luble in w a t e r . 

C. Sche ib le r o b t a i n e d s o d i u m tr i tungstate , 2 N a 2 0 . 3 W O 3 . 7 H 2 O , a s a decompos i ­
t i on p r o d u c t of s o d i u m p a r a t u n g s t a t e , for w h e n t h a t sa l t is h e a t e d t o r edness , a n d 
w h e n cold , e x t r a c t e d w i t h w a t e r , a t e t r a t u n g s t a t e r e m a i n s und i sso lved . T h e a q . 
e x t r a c t , o n e v a p o r a t i o n , furnishes first a c r o p of c r y s t a l s of p a r a t u n g s t a t e , a n d 

825 
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t h e n a c rop of t h e t r i t u n g s t a t e . Th i s sa l t m e l t s a t a dul l r e d - h e a t ; i t is freely 
soluble in w a t e r ; a n d t h e a q . soln. r e a c t s a lka l ine . J . Lefor t s t u d i e d t h e ac t i on of 
q u i n i n e o n t h e a lka l i t r i t u n g s t a t e s . J . !Lefort o b t a i n e d t h e t r i t u n g s t a t e , 
Na2O.3WO3.4H2O, b y a d d i n g a cone . soln. of s o d i u m d i t u n g s t a t e , d r o p b y d r o p , 
t o boi l ing ace t i c ac id . T h e w h i t e , ge l a t inous p r e c i p i t a t e dissolves in i t s o w n 
w e i g h t of w a t e r , a n d t h e a q . soln. w h e n e v a p o r a t e d over qu ick l ime a n d su lphu r i c 
ac id , furn ishes p r i s m a t i c c ry s t a l s . Accord ing t o J . Lefor t , if a c o n e , a q . soln. of 
n o r m a l p o t a s s i u m t u n g s t a t e is p o u r e d i n t o boi l ing cone , ace t ic acid, p o t a s s i u m 
tr i tungstate , K 2 0 . 3 W 0 3 . 2 H 2 0 , is fo rmed ; b u t if t h e soln. is n o t fi l tered a t once , 
t h e m e t a t u n g s t a t e is fo rmed . T h e w h i t e p r e c i p i t a t e is soluble in 5 or 6 t i m e s i t s 
w e i g h t of w a t e r a t 15°. T h e sa l t is o b t a i n e d in fine needles a n d p r i s m s w h e n t h e 
a q . soln. is e v a p o r a t e d over qu ick l ime , a n d cone , s u l p h u r i c ac id . If t h e a q . soln. 
is boi led a long t i m e , t h e d i t u n g s t a t e is fo rmed w h i c h s e p a r a t e s in sca ly c rys ta l s , 
whi le t h e n o r m a l t u n g s t a t e r e m a i n s in soln. If bo i led w i t h acet ic acid, for a long 
t i m e , t h e m e t a t u n g s t a t e is p r o d u c e d . M. A m a d o r i ' s t h e r m a l ana lys i s showed t h a t 
a t r i t u n g s t a t e of p o t a s s i u m c a n ex i s t ; a n d F . H o e r m a n n ' s equ i l ib r ium d i a g r a m , 
Fig. 3 5 , shows t h a t p o t a s s i u m t r i t u n g s t a t e h a s a n i n c o n g r u e n t m . p . a t 660°. 

J . Le fo r t w a s u n a b l e t o p r e p a r e copper tr i tungstate , O u O . 3 W O 3 . ^ H 2 O , b y a d d i n g 
a lcohol t o a soln. of a q . p r o p o r t i o n s of c o p p e r a c e t a t e a n d s o d i u m t r i t u n g s t a t e . 
B y m i x i n g soln. of ca l c ium a c e t a t e a n d s o d i u m t r i t u n g s t a t e , J . Lefor t o b t a i n e d 
a w h i t e , c u r d y p r e c i p i t a t e of c a l c i u m tr i tungs ta te , C a O . 3 W O 3 . 6 H 2 O , soluble in 
cold w a t e r ; a n d s imi la r ly w i t h s t r o n t i u m tr i tungstate , S r 0 . 3 W 0 3 . 5 H 2 0 ; a n d 
w i t h b a r i u m tr i tungs ta te , B a 0 . 3 W 0 3 . 4 H 2 0 . A t 15°, 1OO p a r t s of w a t e r dissolve 
0-33 p a r t of t h e sa l t . T h e tetrahydrate is n o t d e c o m p o s e d b y cold wa te r , b u t w i th 
boi l ing w a t e r , t h e d i t u n g s t a t e a n d t e t r a t u n g s t a t e a r e fo rmed . C. Scheibler o b t a i n e d 
t h e hexahydrate a s a w h i t e p o w d e r b y t h e a c t i o n of cold w a t e r on b a r i u m m e t a ­
t u n g s t a t e . J . Le fo r t o b t a i n e d w h i t e m a g n e s i u m tr i tungstate , M g 0 . 3 W 0 3 . 4 H 2 0 , 
b y p o u r i n g a m i x e d soln. of m a g n e s i u m a c e t a t e a n d s o d i u m t r i t u n g s t a t e i n t o 
a lcohol . T h e s a l t is so luble in w a t e r , a n d af te r t h e soln. h a s s t ood for some h o u r s , 
d e p o s i t s a bas ic sa l t , 3 M g 0 . 2 W 0 3 . 4 H 2 0 . O. W . G i b b s o b t a i n e d z i n c tr i tungstate , 
Z n 0 . 3 W 0 3 . 5 H 2 0 , w h i c h he r e p r e s e n t e d b y 2 Z n O . 6 W O 3 . 1 0 H 2 O , b y h e a t i n g a soln. 
of s o d i u m p e n t a t u n g s t a t e m i x e d w i t h zinc s u l p h a t e . T h e soln. depos i t s aggrega tes 
of ac icu la r c r y s t a l s wh ich a re a l m o s t inso luble in boi l ing w a t e r , b u t soluble in soln. 
of z inc s u l p h a t e , a n d s o d i u m t u n g s t a t e . J . Le fo r t o b t a i n e d c a d m i u m tr i tungstate , 
CdO.3WO 3 . 4H 2 O> a s a w h i t e p r e c i p i t a t e b y a d d i n g a lcohol t o a m i x e d soln. of 
c a d m i u m a c e t a t e a n d s o d i u m t r i t u n g s t a t e , a n d a l lowing t h e l iqu id t o s t a n d . 
J . Le fo r t o b t a i n e d m e r c u r o u s tr i tungstate , 2 H g 2 0 . 3 W 0 3 . 8 H 2 0 , b y dissolving 
m e r c u r o u s n i t r a t e , b y t h e a id of glycerol , in w a t e r , a n d p o u r i n g t h e filtered soln. 
i n t o a cone . soln . of s o d i u m d i t u n g s t a t e . T h e pa le yellow, s t ab le p rec ip i t a t e loses 
w a t e r w h e n w a r m e d ; 1OO p a r t s of w a t e r dissolve one p a r t of t h e sa l t ; b u t he w a s 
u n a b l e t o o b t a i n a t r i t u n g s t a t e b y p o u r i n g t h e soln. of m e r c u r o u s n i t r a t e in glycerol 
i n t o a soln. of s o d i u m t r i t u n g s t a t e . T h e w h i t e p r e c i p i t a t e first fo rmed i m m e d i a t e l y 
b l a c k e n e d owing t o t h e s e p a r a t i o n of m e r c u r y . JC. F. A n t h o n t r e a t e d a soln . of 
m e r c u r i c n i t r a t e w i t h n o r m a l s o d i u m t u n g s t a t e a n d o b t a i n e d mercur ic t r i tung­
state* 2 H g C S W O 3 , a s a w h i t e , insoluble p o w d e r . J . Lefor t o b t a i n e d t h e Jiepta-
hydrate, H g O . 3 W O 3 . 7 H 2 O , b y p o u r i n g a soln. of 2 eq . of s o d i u m d i t u n g s t a t e i n t o a 
s a t . soln . of a n eq . of m e r c u r i c chlor ide , a n d a l lowing t h e soln. t o crys ta l l ize . T h e 
p r i s m a t i c c r y s t a l s , w h e n h e a t e d , lose w a t e r whi le r e t a i n i n g t h e i r e x t e r n a l c rys ta l l ine 
fo rm . A t 15°, 100 p a r t s of w a t e r dissolve 0-83 p a r t of sa l t . J . Lefor t m i x e d soln. 
of l e a d a c e t a t e a n d s o d i u m t r i t u n g s t a t e in excess, a n d o b t a i n e d l ead tr i tungstate , 
P b O »3 W O 8 . 2 H ^ O , a s a w h i t e powde r , wh ich is v e r y spa r ing ly soluble in w a t e r w i t h 
p a r t i a l d e c o m p o s i t i o n . 

C. F . R a m m e l s b e r g a d d e d o r d i n a r y a m m o n i u m t u n g s t a t e t o a n a q . soln. of 
u r a n i u m t e t r a c h l o r i d e , a n d o b t a i n e d u r a n i u m tr i tungstate a s a b rownish-green 
p r e c i p i t a t e , ( U O 2 ) S W O 3 . 6 H 2 O . Boi l ing p o t a s h - l y e e x t r a c t s all t h e t u n g s t e n t r i ox ide 
f rom t h e m o i s t p r e c i p i t a t e , b u t on ly p a r t if t h e p r e c i p i t a t e h a s been dr ied ; a n d 
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similarly with aq. ammonia. Nitric acid extracts the uranium, and leaves the 
tungsten trioxide. This compound is used in the manufacture of fluorescent screens 
for X-ray work. J . Lefort prepared uranyl tritungstate, UO2 .W3O1 0 .5H2O, from 
a soln. of uranium acetate and sodium tr i tungstate . 

J . Lefort obtained inanganous tritungstate, M n 0 . 3 W 0 3 . 5 H 2 0 (dried a t 100°)^ 
by adding alcohol to a mixed soln. of manganous acetate and sodium tr i tungstate . 
The precipitate is decomposed by cold or hot water forming di- and tetra- tungstates. 
J . Lefort prepared cobalt tritungstate, CoO.3WO 8^H 2O, in the case of manganous 
tr i tungstate. The rose-red precipitate is decomposed by water. Greenish-white 
nickel tritungstate, NiO.3WO3 .4H2O, was similarly obtained. 
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§ 14. The Paratungstates 
T h e a lka l i t u n g s t a t e s a r e n u m e r o u s a n d u n u s u a l l y c o m p l e x . S a l t s of e s s en t i a l l y 

di f ferent fornrulsB a p p r o a c h so c losely i n p e r c e n t a g e c o m p o s i t i o n , t h a t t h e differences lie 
v e r y n e a r t h e u n a v o i d a b l e e r ro r s of a n a l y s i s . T h e a n a l y s e s a r e h a r d l y suff icient ly close 
t o d e c i d e t h e q u e s t i o n u p o n p u r e l y a n a l y t i c a l grounds,——O. W . G I B B S . 

The so-called para tungstates are, in the literature, represented by the formula 
3R 2 0 .7 WO3 . MlI2O, or by 5R 2 0.12 WO3 . ̂ H2O—vide supra, paratungstio acid. 
A. Rosenheim x employed the co-ordinate formula E 5 H 5 [H 2 (WO 4 )Q]^H 2 O. The usual 
product of the action of tungstic acid on aq. ammonia is ammonium paratungstate, 
5(NH 4 ) 2 0 .12W0 3 . 11H 2 0 , or 3 (NH 4 ) 2 0 .7W0 3 . 6H 2 0 , or (NH 4 ) 6 H 5 [H 2 (W0 4 )e ]H 2 0. 
Thus, by concentrating an ammoniacal soln. of normal ammonium tungsta te , 
or a soln. of tungstic acid in aq. ammonia, T. M. Taylor, W. Liotz, E . F. Anthon, 
a n d J . C G. de Marignac obtained crystals of this salt. L. A. Hallopeau obtained 
i t from a soln. of paratungstio acid neutralized by ammonia ; and E . Schaefer, by 
the electrolysis of a soln. of ammonium tungstate in a compar tment cell—vide 
infra, sodium paratungstate . For C. Friedheim and R. Meyer's process for 
preparing the salt free from molybdenum, vide infra, sodium para tungs ta te . 
T. M. Taylor observed tha t a hot soln. furnishes needles of the pentahydrate, but , 
if the soln. is just warm, plates of the henahydrate are produced. According t o 
J . C. Q-. de Marignac, the pentahydrate forms monoclinic prisms "with the axial 
ratios a : b : c=104:42 : 1 : 0*7871, and £ = 1 0 9 ° 50' . Twinning occurs about the 
,(OOl)-plane. The salt loses 2-15 per cent, of water a t 100° ; and ammonia begins 
t o come off a t 60°. The hot aq. soln. deposits crystals of the penta tungs ta te . 
According to O. . W. Gibbs, a soln. of commercial ammonium tungs ta te in aq. 



T U N G S T E N 8 1 3 

a m m o n i a , w h e n filtered, a n d t r e a t e d w i t h ace t ic acid, furnishes c ry s t a l s of t h e 
Jiexahydrate, 5 ( N H 4 ) 2 0 . 1 2 W 0 3 . 6 H 2 0 ; A. R o s e n h e i m a n d A. Wolff s h o w e d t h a t 
t h e sa l t fo rms b o t h t h e h e n a h y d r a t e a n d t h e heptaliydrate—vide infra. 

T h e h e n a h y d r a t e w a s a n a l y z e d b y J . C. G. d e Mar ignac , W . L o t z , C. Scheibler , 
A. R i c h e , E . Wegel in , J . J . Berzel ius , E . F . A n t h o n , L . A . H a l l o p e a u , A. L a u r e n t , 
E . Schaefer , a n d A. P inage l . Acco rd ing t o A. L a u r e n t , t h e sa l t is d i m o r p h o u s , 
a n d , a d d e d E . F . A n t h o n , need les a r e o b t a i n e d if s lowly crys ta l l ized , a n d p l a t e s 
if r a p i d l y c rys ta l l i zed ; whi le A. R i c h e sa id t h a t need les a r e depos i t ed f rom a 
soln. a t 50°—60° ; a n d p l a t e s f rom a cold soln. ; a n d E . Z e t t n o w , t h a t a -warm soln. 
furnishes sca ly c ry s t a l s a n d a cold soln. , p r i sms . Accord ing t o J . C. G. d e Mar ignac , 
t h e need les a r e p s e u d o r h o m b i c w i t h t h e ax ia l r a t i o s a : b : c = 0 - 7 9 9 5 : 1 : 0-4582, 
a n d K . H . T . K e r n d t a d d e d t h a t t h e c ry s t a l s a r e c o m p l e x t w i n n e d fo rms 
of monoc l in ic p l a t e s . T h e c rys t a l s were also d iscussed b y J . S c h a b u s . 
J . C. G. d e M a r i g n a c sa id t h a t t h e p l a t e s a r e t r ic l inic p inaco ids w i t h t h e ax ia l 
r a t i o s a : b : c = 0 - 9 7 8 5 : 1 : 0-12154, a n d o . = 6 5 ° 47 ' , £ = 1 1 7 ° 3 3 ' , a n d y = 119° 2 ' . 
J . J . a n d F . d e E l h u y a r sa id t h a t t h e c rys t a l s a r e s t ab l e in air , b u t t h e y c a n n o t 
be d e h y d r a t e d w i t h o u t t h e loss of a m m o n i a . Accord ing t o A. R iche , W . L o t z , 
a n d J . C. G. de Mar ignac , t h e ac icu la r fo rm a t 100° loses f rom 3-23 t o 3-87 pe r cen t , 
of w a t e r ; a n d t h e t a b u l a r fo rm 3-80 t o 4-72 p e r c e n t . J . J . a n d F . de E l h u y a r 
f o u n d t h a t a t a r e d - h e a t t h e sa l t is d e c o m p o s e d g iv ing ofT w a t e r , a m m o n i a , a n d 
n i t r o g e n , a n d l eav ing b e h i n d t h e b lue ox ide or, if a i r be p r e sen t , t u n g s t e n t r iox ide 
— a s a p s e u d o m o r p h of t h e t u n g s t a t e ( E . F . A n t h o n ) . T . M. T a y l o r f o u n d t h a t 
a t 100°, t h e ac i cu la r c r y s t a l s lose 6 mol s . of w a t e r ; a n d infer red t h a t t h e r e m a i n i n g 
5 mol s . a r e m o r e closely a s soc i a t ed in t h e molecu le ; a n d f rom t h e ea sy t r a n s f o r m a ­
t i o n of t h e p a r a - i n t o t h e m e t a - t u n g s t a t e i t is a s s u m e d t h a t t h e 4 mols . of a m m o n i a 
in t h e p a r a - s a l t a r e d i f ferent ly c o m b i n e d in t h e molecu le . If t h e h e n a h y d r a t e is 
d e p o s i t e d f rom a w a r m soln. , c o n t i n u o u s l y s t i r red , W . L o t z sa id t h a t i t is on ly 
s p a r i n g l y so lub le i n w a t e r . E . F . A n t h o n f o u n d t h a t 100 p a r t s of cold w a t e r 
d isso lve 3-6 t o 4-0 p a r t s of t h e sa l t ; W . L o t z , 3-83 p a r t s a t 10-7°, a n d 1*69 p a r t s 
a t 100° ; A. R i c h e , 3-003 p a r t s in t h e cold, a n d 10-7 p a r t s a t 100° ; a n d J . C. G. de 
M a r i g n a c , 2-63 t o 4-54 p a r t s a t 15° t o 18°. A. R o s e n h e i m a n d A. Wolff f ound 
t h e so lub i l i ty of t h e a m m o n i u m sa l t , S g r m s . of 5 ( N H 4 ) 2 0 . 1 2 W 0 3 in 100 g r m s . of 
so ln . , t o b e : 

17° 25° 35° 49° 52° 62° 
S . . 1 0 6 4 1-586 2-424 4-341 3-28O 6-145 

v v > v y 

11 hydrate 7-hydrate 

vide t h e n o r m a l t u n g s t a t e for i t s ex i s t ence in aq . soln. W . L o t z a d d e d t h a t t h e 
s a l t loses a m m o n i a i n boi l ing "water, fo rming t h e m o r e soluble m e t a t u n g s t a t e , a n d 
J . C. G. d e M a r i g n a c a lso n o t e d t h a t t h e sa l t g r a d u a l l y changes in a q . soln. B . Ke l lnc r 
o b s e r v e d t h a t t h e soln. of t h e sa l t in h y d r o g e n d iox ide is yel low, a n d w h e n dr ied, 
i t l eaves a n a m o r p h o u s m a s s . E . F . S m i t h obse rved t h a t ani l ine hydroch lo r ide gives 
n o p r e c i p i t a t e w i t h s o d i u m a n d a m m o n i u m t u n g s t a t e s a n d i n e t a - t u n g s t a t e s , b u t 
g ives one w i t h t h e p a r a t u n g s t a t e before, n o t af ter , t h e soln. is boi led. Th i s shows 
t h a t boi l ing w a t e r h y d r o l y z e s t h e p a r a t u n g s t a t e i n t o one of t h e o t h e r sa l t s . 
A c c o r d i n g t o T . M. T a y l o r , if d r y a m m o n i a , a t a b o u t 14 m m . press . , is pas sed over 
t h e ac i cu la r c r y s t a l s , a t 100° t o 250°, a b o u t 9 mols . of w a t e r a r e g iven off ; a n d a t 
100°-160° a m m o n i a is a b s o r b e d t o t h e e x t e n t of 3-2 mols . a t 130°, b u t t h e a c t u a l 
a m o u n t va r i e s w i t h t h e t e m p . A t 250°, t h e colloidal s a l t is fo rmed con ta in ing 
t u n g s t e n t r i o x i d e . T h e compos i t i on of t h e p r o d u c t , a s s u m i n g t h a t a c o m m o n 
nuc leus , N H 4 O H . 2 W O 3 , is p r e sen t , c a n be r e p r e s e n t e d b y t h e mol . r a t io s : 
( N H 4 O H ^ W O 3 J r N H 4 O H r N H 3 a t 100° is 6 r 1 r 4 ; a t 110°-120° , 6 : 1 : 5 ; 
a t 130°-140° , 6 r 1 r 6 ; a t 160°, 6 : 2 : 2 r a t 200°, 6 : 2 : 1 ; a n d a t 250°, 
4 ( N H 4 0 H . 2 W O 3 ) . 4 W 0 3 . 4 N H 3 . E . F . A n t h o n found t h e sa l t t o be insoluble in 
a lcohol . D . K l e i n s t u d i e d t h e a c t i o n of bor ic ac id on t h e sa l t . A. L a u r e n t , a n d 
J . C. G. de M a r i g n a c e v a p o r a t e d a soln. of a m m o n i u m p a r a t u n g s t a t e m i x e d w i t h 

70° 
7-971 
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a l i t t le n i t r i c acid, or a soln. of a m m o n i u m p a r a t u n g s t a t e m i x e d w i t h a n excess of 
a m m o n i u m n i t r a t e , a n d o b t a i n e d hexagona l , p r i s m a t i c c rys ta l s of a m m o n i u m 
ni tratometatungstate , N H 4 N 0 3 . 2 ( N H 4 ) 2 W 4 0 1 3 . 4 H 2 0 . T h e sa l t loses half i t s 
w a t e r a t 100° ; a n d w h e n h e a t e d , dec rep i t a t e s , a n d decomposes w i t h o u t me l t i ng . 

C. Scheibler p r e p a r e d l i th ium paratungstate , 5 L i 2 0 . 1 2 W O 3 . 3 3 H 2 O , o r 
3 L a 2 0 . 7 W O 3 . 1 9 H 2 O , b y a d d i n g t u n g s t i c ac id t o a soln. of l i th ium c a r b o n a t e u n t i l 
t h e m i x t u r e is n e u t r a l t o l i t m u s ; a n d e v a p o r a t i n g slowly ove r cone , su lphur i c 
ac id . T h e r h o m b i c p l a t e s or p r i sms a re s t ab l e in air , a n d t h e sa l t is m o r e soluble 
in w a t e r t h a n t h e co r re spond ing s o d i u m or p o t a s s i u m sa l t . T h e o r d i n a r y sodium 
tungstate of c o m m e r c e is s o d i u m paratungstate , 5 N a 2 0 . 1 £ W O 3 . WiH2O, 
3 N a 2 0 . 7 W O 3 . ^ H 2 O . F . Wohle r , a n d F . J . Ma lagu t i p r e p a r e d a sa l t w i t h t h e 
compos i t ion N a 2 O : W O 3 = 3 : 7 b y fusing sod ium t u n g s t a t e w i t h t h e r e q u i r e d 
p r o p o r t i o n of t u n g s t e n t r iox ide . T h e h y d r a t e d sa l t is m a n u f a c t u r e d b y fusing 
wol f rami te w i t h soda-ash , l ix iv ia t ing t h e p r o d u c t w i t h w a t e r , n e a r l y neu t r a l i z ing 
t h e boi l ing soln. w i t h hydroch lo r ic acid, a n d crys ta l l iz ing—vide supra, t h e e x t r a c ­
t i on of t u n g s t e n . A q . soln. of t h e sa l t were o b t a i n e d b y E . F . A n t h o n b y s a t u r a t i n g 
a soln. of s o d i u m h y d r o x i d e , c a r b o n a t e , or t u n g s t a t e w i t h t u n g s t i c ac id ; b y 
C. Scheibler , O. W . Gibbs , G. v o n K n o r r e , a n d C. Gonzalez , b y t r e a t i n g a boi l ing 
soln. of s o d i u m t u n g s t a t e w i t h hydroch lo r i c ac id u n t i l i t is f a in t ly ac id t o l i t m u s 
— C . F r i e d h e i m a n d R . Meyer r e c o m m e n d e d t h e process for p r e p a r i n g t h e sa l t 
free from m o l y b d e n u m prev ious ly descr ibed in connec t ion w i t h t h e e x t r a c t i o n 
of t u n g s t e n ; b y V. Fo rche r , b y s a t u r a t i n g a n aq . soln. of n o r m a l s o d i u m t u n g s t a t e 
w i th c a r b o n d ioxide ; b y G. v o n K n o r r e , b y m i x i n g soln. of 5-8 g r m s . of 
N a 2 O . 4 W O 3 . 1 0 H 2 O a n d of 2 g r m s . of N a 2 O . W 0 3 , 2 H 2 0 ; a n d b y E . Schaefer , b y 
t h e electrolysis of a soln. of sod ium t u n g s t a t e in a c o m p a r t m e n t cell. T h e c u r r e n t 
a c t s b y r e m o v i n g sod ium h y d r o x i d e f rom t h e n o r m a l t u n g s t a t e . A. L o t t e r m o s e r 
t h u s descr ibed t h e process : 

A soln. of 51 grms. of d ihydrated normal sodium tungs ta te in 20O c.c. of water is 
placed in a 25O c.c. porous p o t which s tands in a beaker containing 75O c.c. of O-IiV-NaOH. 
A n anode consist ing of a coil of p la t inum wire is placed in the porous cell, and the electrolysis 
carried out w i th a current of 2 amperes unt i l the sodium hydroxide has increased in con­
centrat ion b y the calculated amount . "When th is s ta te is readied , t h e anode solut ion is 
al lowed t o crystall ize ; sodium paratungstate separates in large, v i treous crystals . 

Severa l h y d r a t e s h a v e been r e p o r t e d t o h a v e been o b t a i n e d from t h e a q . soln. 
of sod ium p a r a t u n g s t a t e . If t h e soln. be e v a p o r a t e d a t o r d i n a r y or s l ight ly e l e v a t e d 
t e m p . , t h e oetocosihydrate, 5 N a 2 0 . 1 2 W O 3 . 2 8 H 2 O , or, accord ing t o C. Scheibler , 
3 N a 2 0 . 7 W 0 3 . 1 6 H 2 0 , is formed. Ana lyses were r e p o r t e d b y A. L a u r e n t , J . C. G. de 
Mar ignac , JE. Z e t t n o w , O. W . Gibbs , G. v o n K n o r r e , C. F r i e d h e i m a n d R . Meyer , 
a n d L . A. H a l l o p e a u , E . F . A n t h o n gave N a 2 O : W O 3 : H 2 O = I : 2 : 4 ; W . L o t z , 
3 : 7 : 14 ; a n d V. F o r c h e r , 2 : 5 : 1 2 . T h e colourless or wh i t e c rys t a l s were 
found b y J . C. G. d e Mar ignac t o be t r ic l inic p inaco ids wi th t h e ax ia l r a t i o s 
a : b : c = 0 - 5 3 4 1 : 1 : 1 1 1 4 8 , a n d <x=93° 5 6 ' ; £ = 1 1 3 ° 36 ' ; a n d y = 8 5 ° 5 5 ' . T h e 
h a b i t is u sua l ly t a b u l a r . C. Scheibler t h o u g h t t h a t t h e c rys t a l s were monoc l in ic , 
a n d h e gave 3-987 for t h e sp . gr . a t 14°. Accord ing t o E . F . A n t h o n , J . C. G. de 
Mar ignac , a n d C. Scheibler , t h e c ry s t a l s a r e s t ab l e in air , b u t t h e y effloresce in 
d r i ed a i r ; t h u s , w h e n k e p t over cone , su lphur i c ac id for 8 d a y s t w o - t h i r d s of t h e 
w a t e r w a s r e m o v e d . A t 100°, a loss of 10-42 t o 12 per cen t , w a s obse rved . 
A. R o s e n h e i m found a loss of 24 mols . of w a t e r a t 100°, a n d th i s led h i m t o w r i t e 
t h e fo rmula N a 1 0 H 4 [ H 4 ( W O 4 ) 6 ( W 2 O 7 ) 3 ] . 2 4 H 2 O , a n d l a te r , R 5 H 5 [ H 2 ( W 0 4 ) 6 ] . w H 2 0 ; 
a n d A. R o s e n h e i m a n d A. Wolff t i t r a t e d t h e sa l t e l ec t romet r i ca l ly w i t h p h e n o l -
p h t h a l e i n a s i n d i c a t o r a n d t h e r e su l t s were in acco rd w i t h t h i s f o rmu la . 
H . C o p a u x obse rved a loss of 23 mols . of w a t e r a t 110° ; 24 mols . a t 150° ; 25-6 
mols . a t 200° ; a n d 26-6 mols . a t 250°. E . F . A n t h o n , C. Scheibler , a n d J . C. G. d e 
M a r i g n a c obse rved t h a t a l m o s t t h e whole o i t h e w a t e r is expel led a t 300° , a n d t h e 
res idue forms a c lear soln. w i t h w a t e r ; a t a s t i l l h ighe r t e m p , , t h e sa l t m e l t s 
fo rming a l iqu id wh ich looks l ike a yel low oil. W h e n t h e co ld solid Is e x t r a c t e d 
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with water, there remains insoluble N a 2 0 . 4 W O 3 , and N a 2 W O 4 and 2 N a 2 0 . 3 W O 3 . 
7 H 2 O pass into soln. G-. v o n Knorre said tha t the salt decomposes into N a 2 W O 4 
and N a 2 0 . 4 W O 3 when i t is fused. F . Wohler observed t h a t when the dehydrated 
salt is heated in hydrogen, i t forms a golden-yel low sodium-tungsten bronze ; 
and L*. A. Hal lopeau observed tha t if heated wi th zinc powder, a golden-yellow-
sodium tungsten bronze is formed, as well as normal zinc tungstate , and, in some 
cases, tungs ten itself. E . F . A n t h o n said that 1OO parts of cold water dissolve 
12-5 parts of salt . J . C. Gr. de Marignac said 8-33 parts, and V. Forcher, 7*94 
parts a t 22°. E . F . A n t h o n said t h a t the aq. soln. tastes at first sweet , and then 
rough and bitter. J. C G. de Marignac found tha t soln. of the salt saturated at 
35° t o 40°, and cooled t o 18° t o 20°, contain, per 100 parts of water, after s tanding 
for different periods of t ime : 

1 12 77 227 410 days 
Sal t . 10-81 8-88 9-16 8-4O 8-52 parts 

W h e n heated, the solubil i ty increases, and a deep-seated change occurs. Thus, 
a sat . soln. boiled for different periods of t ime, and cooled to 16° to 20°, contained 
in IOO parts of water : 

1 2 12 72 222 405 days 
Sa l t . 147*0 109-8 38*6 14-5 10-26 11-36 parts 

W h e n these modified soln. are evaporated in air, the residue contains unchanged 
sal t and 3 N a 2 0 . 7 W O 3 . 2 1 H 2 O . A. Rosenhe im and A. Wolff gave for the 
solubi l i ty , S grms. per 100 grms. of soln, : 

0° 1*2* 21° 30° 40° 49° 59° G4° 73° 
S . . 2 1 5 4-29 7-41 11-15 15-11 20-34 27-9O 31*11 36-7O 

The v a p . press, exper iments over sulphuric acid of different sp. gr. indicated that 
there are 4 mols . of const i tut ional water . E . Wegel in measured the f.p. of soln. 
of sod ium paratungstate , but was unable to decide between the 3 : 7-formula and 
the 5 : 12-formula. The calculated mol. wt . indicates that the salt in aq. soln. is 
probably resolved into sod ium hydroxide and a metatungs ta te , and the results 
s l ight ly favour the 3 : 7-formula. C. Scheibler said t h a t the aq. soln. of sodium 
paratungstate has a neutral reaction ; E . F . A n t h o n reported that it reddened blue 
l i tmus ; G. v § n Knorre, t h a t when freshly prepared, the aq. soln. is neutral, but 
w h e n boiled and cooled, it is acid to phenolphthal ien, and alkaline to tropaeolin. 
I t is a s sumed tha t when the soln. is kept for a long t ime, or boiled, it decomposes 
i n t o normal sodium tungs ta te arid N a 2 0 . 4 W O 3 . ^ H 2 O . H . Schmidt found that 
the salt can be t i trated wi th a soln. of sodium hydroxide b y using phenolphthalein 
or rosolic ac id— i . e . aur in—as indicator ; the results agreed wi th the 5 : 12-formula. 
Gk Jander and co-workers' observat ions on the rate of diffusion, and the H*-ion 
concentrat ion, agree with the assumpt ion that the so-called sodium paratungstate 
is a hexatungs ta te . A. Rosenhe im and A. WoIfE found the eq. conduct ivi ty , A 
mhos , for 0-1 mol 5 N a 2 0 . 1 2 W O 3 . ^ H 2 O in v litres of water at 25°, to be : 

v . . . 32 64 128 256 512 1024 
! j Made a t 25° . 68-2 69*7 90-8 100-3 HO 121-4 
A \ Bo i l ed . . 89-4 96-6 106-3 116-3 126 6 130-3 

J. El tzbacher obta ined m u c h lower results ; and A. Junius found that at 25° soln. 
•with a mol of the sal t in 25, 50, and 1OO litres of water had the respective con­
duct iv i t ies 61-2, 71-2, a n d 78-9 when prepared in the cold, and 82-4, 92*1 and 99-7 
w h e n prepared a t 100°. R. G-. Wells also no ted that a change in the conduct ivi ty 
of soln. is produced b y pre-heating, and this all agrees wi th the observations of 
J . C. Gr. de Marignac. For the observations of V. I. Spitzin and others on the 
reduct ion of sodium paratungstate , vide supra, tungsten bronzes. H. TJelsmann 
s tudied the act ion of hydrogen selenide on soln. of sodium paratungstate ; and 
D . Kle in , the act ion of polyhydrio alcohols. J . C. G. de Marignac, F . Ullik, and 
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E . Z e t t n o w obse rved t h a t if a soln. of t h i s s a l t b e boi led for a long t i m e w i t h 
t u n g s t i c acid, a n a l m o s t inso lub le r e s idue of v a r i a b l e c o m p o s i t i o n is o b t a i n e d . 

W i t h t h e octocosihydrate, 5 N a 2 0 . 1 2 W O 3 . 2 8 H 2 O , j u s t desc r ibed , C. Sche ib le r 
f o u n d t h a t if a soln. b e c rys ta l l i zed a t 80° t o 100°, or , a c c o r d i n g t o J . C. Gr. d e 
Mar ignac , a t 60° t o 80° , monoc l in i c p r i s m s of t h e jpentacosihydrate, 5 N a 2 O . 
1 2 W 0 3 . 2 5 H 2 0 , or 3 N a 2 0 . 7 W 0 3 . 1 4 H 2 0 (C. Scheibler) , w i t h t h e ax i a l r a t i o s 
« : b : c = O 8 0 6 9 : 1 : 0-5328, a n d / ? = 1 2 0 ° 10% a r e fo rmed . J . C. G. d e M a r i g n a c 
also r e p o r t e d t h a t if t h e sa l t be c rys ta l l i zed f rom i t s a q . so ln . a t 100°, t r ic l in ic 
p inaco ids of t h e henicosihydrate, 5 N a 2 0 . 1 2 W O 3 . 2 1 H 2 O , a r e fo rmed . T h e c r y s t a l s 
of o c t a h e d r a l h a b i t h a v e t h e ax i a l r a t i o s ' a : b : c = 0 - 8 6 9 5 : 1 : 1-2787, a n d 
a = 9 1 ° 18 ' , £ = 8 6 ° 16 ' , a n d y = 9 7 ° 5 9 ' . T h e s a l t loses n e a r l y 15 mol s . of w a t e r 
or 7-43 t o 7-73 p e r cen t , a t 100°. W h i l e t h e s e t w o h y d r a t e s a r e r e fe r red b y 
J . C. G. de M a r i g n a c t o t h e 5 : 12- formula , t h e r e a r e t w o o t h e r s w h i c h h e re fe r red 
t o t h e 3 : 7- formula . If t h e a q . soln. of t h e 5 : 12 s a l t be m i x e d w i t h s o m e a lka l i 
c a r b o n a t e , t r ic l in ic p inaco ids of t h e hexadecahydrate, 3 N a 2 0 . 7 W 0 3 . 1 6 H 2 0 , a r e 
fo rmed . T h e ax i a l r a t i o s a r e a : b : c = 0 - 6 8 3 6 : 1 : 1-1802, a n d a = 9 5 ° 3 ' , £ = 1 2 3 ° 4 2 ' , 
a n d y = 9 1 / 5 3 ' . V. E o r c h e r a lso r e p o r t e d a h y d r a t e of t h e s a m e c o m p o s i t i o n 
f rom a soln. of t u n g s t i c ac id a n d s o d i u m c a r b o n a t e . T h e s a l t loses 10-5 p e r c e n t , 
or 12 mols . of w a t e r a t 100°. J . C. G. de M a r i g n a c o b t a i n e d t h e henicosihydrate, 
3 N a 2 0 . 7 W O 3 . 2 1 H 2 O , b y boi l ing a n a q . soln. of s o d i u m p a r a t u n g s t a t e for a l ong 
t i m e , a n d cooling—if neces sa ry c o n c e n t r a t i n g b y e v a p o r a t i o n . T h e t r ic l in ic 
p inaco ids h a v e t h e ax ia l r a t i o s a : b : c—0-9296 : 1 : 0*5207, a n d cx=92° 47% 
/ ? = 9 6 ° 2 8 ' , a n d y = 8 9 ° 40 ' . Th i s h y d r a t e loses 14 p e r cen t , or 17 mol s . of w a t e r 
a t 100°. W h e n t h e h y d r a t e is h e a t e d , i t m e l t s i n i t s w a t e r of c rys t a l l i za t ion . I t 
seems t o dissolve in w a t e r m o r e qu i ck ly t h a n does t h e o c t o c o s i h y d r a t e of t h e 
5 : 1 2 - t u n g s t a t e . 

J . C. G. de M a r i g n a c a l lowed a soln. of a m m o n i u m p a r a t u n g s t a t e m i x e d w i t h 
a n excess of s o d i u m p a r a t u n g s t a t e t o c rys ta l l ize , a n d o b t a i n e d a c r o p of r h o m b i c 
plates of ammonium sodium 1 : 3-paratungstate, 15(NH 4 ) 2 0 .5Na 2 0 .48W0 3 . 48H 2 0 , 
followed by a m i x t u r e of t h i s s a l t w i t h t h e 3 : 2 - p a r a t u n g s t a t e , a n d finally, t h e 
lat ter salt alone. The ammonium sodium 3 : 2-paratungstate, 3 (NH 4 ) 2 0 .2Na 2 0 . 
1 2 W O 8 . 1 5 H 2 O , was also o b t a i n e d b y Iu. A. H a l l o p e a u b y a d d i n g a m m o n i a , d r o p 
b y d r o p , t o a cone . soln. of s o d i u m p a r a t u n g s t a t e , a n d c o n c e n t r a t i n g t h e l iqu id 
for c rys ta l l i za t ion . J . C. GL de M a r i g n a c sa id t h a t t h e c ry s t a l s a re r h o m b i c b i p y r a -
mids w i t h t h e a x i a l r a t i o s a : b : c = O 9 0 1 4 : 1 : 1-4468. L*. A. H a l l o p e a u a d d e d 
t h a t 12 mols . of w a t e r a r e los t a t 100°. W . L o t z f o u n d t h a t if a soln. of a m.ol of 
n o r m a l s o d i u m t u n g s t a t e be p o u r e d i n t o a boi l ing soln . of 4 mol s of a m m o n i u m 
chloride, crystals of ammonium sodium 4 : 1-paratungstate, 4 (NH 4 ) 2 O.Na 2 0. 
1 2 W O 3 - 5 H 2 O , a re fo rmed . T h e sca ly c rys t a l s of t h e pentahydrate h a v e a m o t h e r -
of-pearl l u s t r e ; A . L a u r e n t r e p r e s e n t e d i t as a heptahydrate ; G. v o n K n o r r e 
r e p r e s e n t e d i t a s a tridecahydrate ; a n d O. W . G ibbs r e p o r t e d a t e t r a d e c a h y d r a t e 
t o be fo rmed b y a d d i n g a soln. of p h o s p h o r i c ac id n e u t r a l i z e d b y a m m o n i a t o 
a n a q . soln~ of n o r m a l s o d i u m t u n g s t a t e ; a n d L . A. H a l l o p e a u , b y a d d i n g a n excess 
of a m m o n i a t o a cone . soln. of s o d i u m p a r a t u n g s t a t e . T h e r h o m b i c p r i s m s lose 
12 mols . of w a t e r a t 100°. G. v o n K n o r r e r e p o r t e d t h e sa l t 2 ( N H 4 ) 2 O . N a 2 0 . 
7 W O 3 . 9 H 2 O t o be fo rmed in w h i t e sca ly c ry s t a l s f rom a soln. of a m o l of s o d i u m 
p a r a t u n g s t a t e a n d 2 mols of a m m o n i u m chlor ide , a t 70° . 

O. W . G i b b s r e p o r t e d p o t a s s i u m paratungs ta te , 5 K 2 0 . 1 2 W O 3 - I O H 2 O , t o b e 
fo rmed b y boi l ing s o d i u m d e c a t u n g s t a t e w i t h p o t a s s i u m b r o m i d e or n i t r a t e . T h e 
decahydrate fo rms a w h i t e , c rys ta l l ine p r e c i p i t a t e . H e also sa id t h a t a so ln . of 
n o r m a l p o t a s s i u m t u n g s t a t e is d e c o m p o s e d b y boi l ing w a t e r w i t h p o t a s s i u m 
h y d r o x i d e a n d p a r a t u n g s t a t e . E . Z e t t n o w t r e a t e d a soln. of s o d i u m d o d e c a -
t u n g s t a t e w i t h p o t a s s i u m n i t r a t e a n d sa id t h a t on c rys ta l l i za t ion t h e tetradeca­
hydrate, 5 K 2 0 . 1 2 W 0 3 . 1 4 H 2 0 , or 3 K 2 0 . 7 W 0 3 . 8 H 2 0 , is fo rmed . C. Sche ib le r , 
however , cou ld o b t a i n on ly t h e henahydrate, 5 K 2 0 . 1 2 W O 3 . H H 2 O , o r 
3 K 2 0 . 7 W 0 3 . 6 H 2 0 , b y t h i s p rocess . A . !Laurent ' s ana lys i s a g r e e d w i t h t h a t .of 
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J . C. G. d e Mar ignac . E . F . A n t h o n g a v e t h e fo rmula K 2 0 . 2 W O 3 . 2 H 2 O , a n d 
A. H i c h e , K 2 0 . 2 W O 3 . 3 H 2 O . A n a l y s e s were* also m a d e b y G. v o n K n o r r e , a n d 
E . Schaefer . E . IT. A n t h o n p r e p a r e d t h e h e n a h y d r a t e b y boi l ing t h e d i h y d r a t e 
-with a l i t t l e -water, filtering, a n d cool ing ; a n d also b y a d d i n g t u n g s t i c ac id t o a 
boi l ing, a q . soln. of p o t a s s i u m h y d r o x i d e , c a r b o n a t e , o r n o r m a l t u n g s t a t e so long 
a s i t d issolves , bo i l ing t h e filtered soln. , a n d cooling—-C. Scheib ler a d d e d t h a t t h e 
m o t h e r - l i q u o r c o n t a i n s m e t a t u n g s t a t e . A . R i c h e , a n d J . C. G. de Mar ignac 
p r e p a r e d t h e sa l t b y t r e a t i n g t h e n o r m a l t u n g s t a t e "with a n ac id , s a y b y pass ing 
c a r b o n d iox ide t h r o u g h a filtered soln. o b t a i n e d b y m e l t i n g wol f r ami te w i t h 
t w o - t h i r d s i t s w e i g h t of p o t a s s i u m c a r b o n a t e , a n d e x t r a c t i n g t h e p r o d u c t w i t h 
boi l ing w a t e r — C . Scheib ler s a id t h a t t h e e x t r a c t i o n is b e s t c o n d u c t e d b y s lowly 
a d d i n g t h e finely-powdered m a s s t o boi l ing w a t e r . G. v o n K n o r r e sa id t h a t t h i s 
sa l t is o b t a i n e d a s a w h i t e p r e c i p i t a t e b y a d d i n g ace t i c a c id t o a cone . soln. of t h e 
n o r m a l t u n g s t a t e — J . L e f o r t t h o u g h t t h a t t h e p r o d u c t is a d i t u n g s t a t e . E . Schaefer 
o b t a i n e d i t b y e lec t ro lys is a s i n d i c a t e d i n c o n n e c t i o n w i t h s o d i u m p a r a t u n g s t a t e . 
J . C. G. d e M a r i g n a c sa id t h a t t h e t h i n s ix-s ided p l a t e s a r e t r ic l in ic p inaco ids 
w i t h t h e ax i a l r a t i o s a : h : c = 0 - 9 1 3 7 : 1 : 1-1362, a n d <x=65° 36 ' , £ = 1 1 7 ° 22 ' , 
a n d y = 1 1 5 ° 3 9 ' ; a n d t h e y a r e i s o m o r p h o u s w i t h t h e a m m o n i u m sa l t . T h e sa l t 
is s t a b l e in a i r ; A . R i c h e sa id t h a t t h e s a l t loses n o w a t e r a t 120°, a n d is d e h y d r a t e d 
a t 200° ; a n d G. v o n K n o r r e sa id t h a t on ly 1-44 p e r cen t , of w a t e r is los t a t 100°, 
a n d af te r h e a t i n g for a long t i m e a t 200°, i t r e t a i n s one p e r cen t , of w a t e r . 
H . C o p a u x o b s e r v e d t h a t a f te r h e a t i n g t o 110°, t h e sa l t r e t a i n s 5-4 mo l s . of w a t e r ; 
a t 150°, 4-4 mols . ; a t 200° , 2-4 mol s . ; a n d a t 250°, 1-4 mo l s . E . F . A n t h o n found 
t h a t t h e d e h y d r a t e d sa l t becomes yel low w h e n h e a t e d , a n d m e l t s be low a r e d - h e a t 
t o fo rm a ye l lowish l iqu id which , w h e n cooled, solidifies t o a b lu i sh or g reen ish , 
c rys t a l l ine m a s s . G. v o n K n o r r e a d d e d t h a t w h e n t h e sa l t is fused, i t fo rms t h e 
5 : 14- a n d t h e n o r m a l t u n g s t a t e . E . F . A n t h o n sa id t h a t t h e s a l t is m o r e easi ly 
so luble in h o t t h a n in cold w a t e r , a n d t h a t t h e soln. r e d d e n s l i t m u s , a n d h a s a r o u g h 
a n d b i t t e r t a s t e . 100 p a r t s of w a t e r a t 16° dissolve one p a r t of sa l t , a n d a t 100°, 
11-6 p a r t s ; on t h e o t h e r h a n d , J . C. G. d e M a r i g n a c f o u n d t h a t 100 p a r t s of cold 
w a t e r d issolve 2*15 p a r t s of sa l t , a n d w i t h boi l ing w a t e r 6-6 p a r t s of sa l t . If t h e 
c rys t a l l ine p o w d e r be s h a k e n for m a n y d a y s w i t h w a t e r a t 20° , 100 p a r t s of w a t e r 
dissolve 1-4 p a r t s of sa l t ; if t h e sa l t be boi led m a n y d a y s w i t h w a t e r , IOO p a r t s of 
w a t e r a t 18° c o n t a i n 17-8 p a r t s of sa l t , a n d on e v a p o r a t i n g t h e l iquid in d r y air , 
i t furnishes a w h i t e , a m o r p h o u s m a s s . If t h e s a l t be k e p t i n a c losed vessel for 
m a n y d a y s , i t seems t o d e c o m p o s e fo rming a m o r e so lub le v a r i e t y s ince a f te r keep ing 
for 1, 26, 153, a n d 334 d a y s , t h e r e spec t i ve solubi l i t ies p e r 100 p a r t s of w a t e r a r e 
17-8, 8-4, 6-4 a n d 6-4. A. R o s e n h e i m a n d A. WoIfE found t h a t w h e n t h e s o d i u m sal t 
is boi led w i t h a r sen ious ox ide , a n d t h e soln. t r e a t e d w i t h p o t a s s i u m chlor ide , 
p o t a s s i u m arsen i to tungs ta te is fo rmed , 7 K 2 C A s 2 O 3 . 1 8 W O 3 . 2 4 H 2 O ; a n d s imi la r ly , 
w i t h a n t i m o n i o u s ox ide , p o t a s s i u m a n t i m o n i to t u n g s t a t e , 8 K 2 O - S b 2 O 3 . 1 9 W O 3 . 
3 7 H 2 O , w a s fo rmed ; a n d s imi la r ly w i t h sa l t s of o t h e r b a s e s — a m m o n i u m , guan id ine , 
b a r i u m , e t c . 

E . Schaefer fused a n e q u i m o l a r m i x t u r e of r u b i d i u m c a r b o n a t e a n d t u n g s t e n 
t r i ox ide , e x t r a c t e d t h e cold p r o d u c t w i t h w a t e r , a n d boi led t h e l iqu id w i t h e n o u g h 
h y d r o c h l o r i c ac id t o p r e v e n t b lue l i t m u s b e c o m i n g red . O n cooling, t h e l iquid 
depos i t s wh i t e , r u b i d i u m paratungs ta te , 5 R b 2 0 . 1 2 W O 3 . 1 8 H 2 O . W h e n s t rong ly 
h e a t e d , t h e s a l t m e l t s a n d some* r u b i d i u m is los t b y vo la t i l i za t ion . T h e sa l t is 
less so luble in w a t e r . T h e p o w d e r e d sa l t is d e c o m p o s e d b y e v a p o r a t i o n w i t h a q u a 
reg ia a n u m b e r of t i m e s . 

C. Gonza lez p r e p a r e d copper paratungs ta te , 5 C u O . 12 W O 3 . 3 3 H 2 O , or 
3 C u O . 7 W O 3 . 1 9 H 2 O , f rom soln. of s o d i u m p a r a t u n g s t a t e a n d coppe r s u l p h a t e ; 
a n d G-. v o n K n o r r e r e c o m m e n d e d u s ing a n excess of c o p p e r s u l p h a t e — s a y one 
m o l of t u n g s t a t e a n d 3 m o l s of t h e c o p p e r s a l t — a t 70°. T h e bluish-green, mic ro -
c rys ta l l ine p r e c i p i t a t e does n o t m e l t a t a r e d - h e a t , b u t a f ter t h e ign i t ion i t is l e m o n -
yel low. T h e sa l t is inso lub le in w a t e r , b u t dissolves in w a t e r con t a in ing a few 
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d r o p s of n i t r i c acid, a n d t h e c lear so ln . ge la t in izes af ter s t a n d i n g for some t i m e . 
If e q u i m o l a r p ropo r t i ons of t h e t u n £ s t a t e a n d c o p p e r sa l t b e m i x e d i n soln. , a t 
70°, Gr. v o n K n o r r e found t h a t s o d i u m copper paratungstate , 3 N a 2 0 . 3 C u O . 1 4 W O 3 . 
3 2 H 2 O , is formed, as a g reen c rys ta l l ine p r e c i p i t a t e ; a n d C. Gonza lez o b t a i n e d 
pa l e b lue needles of 4 N a 2 O . C u O . 1 2 W 0 3 . 3 2 H 2 0 , b y a d d i n g a soln. of c o p p e r s u l p h a t e 
t o a boil ing soln. of s o d i u m p a r a t u n g s t a t e so long as t h e p r e c i p i t a t e redissolves . 
T h e s l ight ly t u r b i d l iqu id is filtered r ap id ly , w a s h e d w i t h Cold w a t e r , a n d d r i e d 
in air . I t me l t s a t a r e d - h e a t . Acco rd ing t o S. T rave r so , CUpro-SCheelite c a n b e 
r e g a r d e d as a c a l c i u m copper tungs ta te , a n d a v a r i e t y f rom Villa Sa l t o , Sa rd in i a , 
co r re sponds w i t h 2 C a W O 4 - C u W O 4 . I . D o m e y k o also found a v a r i e t y a t Lilamuco, 
Chili ; a n d J . D . W h i t n e y , a t L a P a z , California. C. Gronzalez p r e p a r e d s i lver 
paratungstate , 5 A g 2 0 . 1 2 W O 3 . 2 8 H 2 O , b y a d d i n g a soln. of s i lver n i t r a t e t o one of 
s o d i u m p a r a t u n g s t a t e . T h e w h i t e , c rys ta l l ine octocosihydrate b ecomes g rey w h e n 
dr ied a t 60°, a n d is t h e n a n octohydrate. T h e sa l t me l t s a t a r e d - h e a t , a n d solidifies 
on cooling t o a m a s s of t a b u l a r c rys ta l s . 

Accord ing t o Gr. v o n K n o r r e , if a soln. of sod ium p a r a t u n g s t a t e b e t r e a t e d w i t h 
a n excess of ca lc ium chlor ide , a vo luminous , w h i t e p r e c i p i t a t e is fo rmed , wh ich , 
w h e n d iges ted w i t h t h e mothe r - l iquor , becomes g r a n u l a r a n d c rys ta l l ine ; w h e n 
w a s h e d a n d dr ied , i t is c a l c i u m paratungstate , 3 C a 0 . 7 W 0 3 . 1 8 H 2 0 . I t does n o t 
m e l t a t a r e d - h e a t ; a n d a t 100°, i t loses 8-03 p e r cen t , of w a t e r . I t is m o r e so luble 
t h a n t h e s t r o n t i u m a n d b a r i u m sa l t s . Accord ing t o C. Gronzalez, if t h e a q . so ln . 
of ca lc ium chlor ide be a d d e d un t i l t h e p r e c i p i t a t e first f o rmed n o longer dissolves , 
a n d t h e s l ight ly t u r b i d soln. b e r a p i d l y filtered, w h i t e c rys ta l s of s o d i u m c a l c i u m 
paratungstate , 3 N a 2 0 . 2 C a O . 1 2 W O 3 . 3 4 H 2 O , a re fo rmed . Gr. v o n K n o r r e p r e p a r e d 
Strontium paratungstate , 3 S r 0 . 7 W 0 3 . 1 6 H 2 0 , b y t h e m e t h o d used for t h e ca l c ium 
sa l t . A. R o s e n h e i m a n d A. Wolff g a v e for t h e s t r o n t i u m sa l t 5S rO . 1 2 W O 3 . 2 8 H 2 O . 
W . L o t z also o b t a i n e d i t b y m i x i n g soln. of a m m o n i u m p a r a t u n g s t a t e a n d 
s t r o n t i u m chlor ide . I t does n o t fuse a t a r e d - h e a t ; a t 100°, i t loses 8-53 p e r 
cen t , of wa t e r , a n d 13-27 pe r cen t , a t a r e d - h e a t . C. Gonza lez p r e p a r e d s o d i u m 
s t ront ium paratungstate , N a 2 0 . 4 S r O . 1 2 W O 3 . 2 9 H 2 O , a s i n t h e case of t h e ca l c ium 
s t r o n t i u m sal t . T h e wh i t e , scaly c rys t a l s do n o t m e l t a t a r e d - h e a t . Gr. v o n K n o r r e 
p r e p a r e d bar ium paratungstate , 3 B a 0 . 7 W 0 3 . 1 6 H 2 0 , b y t h e m e t h o d e m p l o y e d 
for t h e ca lc ium sal t . A. R o s e n h e i m a n d A. WoIfE g a v e for t h e b a r i u m s a l t 
5 B a 0 . 1 2 W O s . 2 8 H 2 0 . I t loses 8-8 pe r cen t , of w a t e r a t 100°, a n d w h e n d r i ed ove r 
su lphur i c acid, 8 mols . I t is insoluble in cold w a t e r , a n d s l igh t ly soluble in h o t 
w a t e r . W . L o t z o b t a i n e d t h e octohydrate f rom soln. of b a r i u m chlor ide , a n d 
a m m o n i u m p a r a t u n g s t a t e . I t loses 3-29 p e r c e n t , of w a t e r a t 100°. T h i s s a l t 
was also p r e p a r e d b y L.. A. H a l l o p e a u . C. Scheibler found t h a t mic roscop ic 
plates of sodium barium paratungstate, 3 N a 2 0 ; 2 B a 0 . 1 2 W 0 3 . 2 4 H 2 0 , or 
2 N a 2 O . B a O . 7 W O 3 . 1 4 H 2 O , s e p a r a t e w h e n a n excess of b a r y t a - w a t e r is a d d e d t o a 
boil ing soln. of s o d i u m p a r a t u n g s t a t e , a n d t h e l iqu id cooled. Th i s s a l t was a lso 
p r e p a r e d b y L . A. H a l l o p e a u . 

Gr. v o n K n o r r e p r e p a r e d m a g n e s i u m paratungs ta te , 3 M g O . 7 W O 3 . 2 4 H 2 O , b y 
a d d i n g a soln. of a mo l of s o d i u m p a r a t u n g s t a t e t o a soln. of a n excess (3 mols) 
of m a g n e s i u m s u l p h a t e . T h e wh i t e , c rys ta l l ine p o w d e r is spa r ing ly soluble in cold 
w a t e r , a n d m o r e soluble in h o t w a t e r ; i t is d e c o m p o s e d b y ac ids . W . L o t z , a n d 
J . C. Gr. de Marignac prepared ammonium magnesium paratungstate, 
2(NH^) 2 O-SMgO.12WO 3 . 24H 2 O, b y m i x i n g h o t , cone . soln. of m a g n e s i u m su l ­
p h a t e a n d a m m o n i u m p a r a t u n g s t a t e . N o p r e c i p i t a t i o n occurs w i t h cold soln. 
T h e smal l , r h o m b i c c rys t a l s are spa r ing ly soluble in w a t e r . G. v o n K n o r r e 
o b t a i n e d a w h i t e c rys ta l l ine m a s s of s o d i u m m a g n e s i u m paratungs ta te , 3 N a 2 O . 
3 M g 0 . 1 4 W 0 3 . 3 3 H 2 0 , b y m i x i n g soln. of 20 g r m s . of h y d r a t e d s o d i u m p a r a t u n g ­
s t a t e in 15 c.c. of w a t e r a t 70°, a n d 2-3 g r m s . of h y d r a t e d m a g n e s i u m s u l p h a t e 
in IO c.c. of w a t e r . L . A. H a l l o p e a u also o b t a i n e d p o t a s s i u m m a g n e s i u m 
paratungstate , 5 ( § K 2 0 . £ M g O ) . 1 2 W 0 3 . 2 4 H 2 0 , b y m i x i n g e q u i m o l a r p r o p o r t i o n s 
of soln ^ of p o t a s s i u m p a r a t u n g s t a t e , a n d m a g n e s i u m s u l p h a t e , a n d c o n c e n t r a t i n g 
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t h e soln. The sal t , r ec rys ta l l i zed from h o t wa te r , forms microscopic p r i sms , 
a lmos t insoluble in cold wa t e r . T h e c rys ta l s lose 17 mols . of w a t e r a t 100°. 
O. Gonzalez o b t a i n e d wh i t e needles of z i n c paratungstate , 5 Z n O . 1 2 W O 3 . 3 7 H 2 O , 
by t r e a t i n g a n excess of a soln. of a zinc sa l t wi th one of s o d i u m p a r a t u n g s t a t e . 
A. R o s e n h e i m a n d A. Wolff g a v e 5ZnO. 1 2 W O 3 . 3 5 H 2 O . The sa l t dissolves in w a t e r 
acidified w i t h a few d r o p s of n i t r i c acid, b u t t h e clear soln. soon gela t in izes . 
W. L.otz prepared ammonium zinc paratungstate, (NH 4 ) 2 0.2Zn0.7W0 3 .13H 2 0, 
in snow-whi t e needles , b y a d d i n g a m m o n i u m p a r a t u n g s t a t e t o a soln. of z inc sul­
p h a t e . T h e sa l t is so luble in boi l ing wa te r , a n d more soluble in w a t e r con t a in ing 
a m m o n i u m t u n g s t a t e , or oxal ic , t a r t a r i c , or phosphor i c acid . The sa l t loses 8 mols . 
of w a t e r a t 100°. Gr. v o n lvnorre found t h a t a boiling soln. of a mol of sod ium 
p a r a t u n g s t a t e a n d 2 mols of z inc s u l p h a t e depos i t s wh i t e needles of s o d i u m z inc 
paratungstate , N a 2 0 . 2 Z n O . 7 W O 3 . 1 5 H 2 O , on cooling. T h e sa l t is spar ing ly soluble 
in co ld w a t e r ; a n d is d e c o m p o s e d b y mine ra l ac ids . L . A. H a l l o p e a u o b t a i n e d a 
p o t a s s i u m z inc paratungs ta te b y p r e c i p i t a t i o n f rom p o t a s s i u m p a r a t u n g s t a t e 
b y m e a n s of zinc s u l p h a t e . C. Gonzalez p r e p a r e d c a d m i u m paratungstate , 
5 C d 0 . 1 2 W 0 3 . 1 6 H 2 0 , as a w h i t e c rys ta l l ine p r e c i p i t a t e b y t h e m e t h o d e m p l o y e d 
for t h e zinc sa l t . W. L o t z t r e a t e d c a d m i u m s u l p h a t e w i t h a m m o n i u m p a r a t u n g s t a t e 
a n d o b t a i n e d w h i t e needles of a m m o n i u m c a d m i u m paratungstate , 3 ( N H 4 ) 2 0 . 
1 2 C d O . 3 5 W O 3 . 3 5 H 2 O . T h e v o l u m i n o u s p r e c i p i t a t e becomes grey when hea t ed , t h e n 
orange-yel low, a n d on cooling pa le yel low. 12 mols . of w a t e r a re expel led a t 100°. 
G. v o n K n o r r e p r e p a r e d t h e s o d i u m c a d m i u m paratungstate , N a 2 0 . 2 C d O . 7 W O 3 , 
a s in t h e case of t h e co r re spond ing zinc sa l t . F o r mercUTOUS paratungstate , vide 
infra, m e r c u r o u s m e t a t u n g s t a t e . 

W . L o t z r e p o r t e d a l u m i n i u m paratungstate , A l 2 O 3 . 7 W O 3 . 9 H 2 O , t o be formed 
as a whi t e , caseous p r ec ip i t a t e , b y m i x i n g soln. of a m m o n i u m p a r a t u n g s t a t e a n d 
a n a l u m i n i u m sal t . T h e p r e c i p i t a t e dissolves in a n a q . soln. of a l u m . K. Schaefer 
a d d e d a n excess of a soln. of t ha l lous s u l p h a t e t o one of s o d i u m p a r a t u n g s t a t e 
a n d o b t a i n e d a wh i t e p r e c i p i t a t e of tha l lous paratungstate , 5 T l 2 0 . 1 2 W O 3 . 9 H 2 O ; 
i t loses i t s w a t e r w h e n d r i ed in a des icca tor , a n d me l t s a t a r e d - h e a t w i t h t h e 
vo la t i l i za t ion of some t h a l l i u m . I t is insoluble in w a t e r b u t soluble in soln. of 
a lkal i c a r b o n a t e or h y d r o x i d e , a n d i t is d e c o m p o s e d b y m i n e r a l ac ids . O. Gonzalez 
could n o t p r e p a r e t ha l lous p a r a t u n g s t a t e . F o r cerous , l a n t h a n u m , d i d y m i u m , 
gadolinium, yttrium, and ytterbium paratungstates, vide supra, the rare earth 
t u n g s t a t e s . 

W . L o t z , a n d J . J . Berzel ius o b t a i n e d l ead paratungstate , 3 P b O . 7 W O 3 . K ) H 2 O 3 
b y t r e a t i n g a soln. of a lead sa l t w i t h one of a m m o n i u m p a r a t u n g s t a t e , wash ing 
t h e p r e c i p i t a t e b y d e c a n t a t i o n ; a n d d r y i n g i t in air . T h e whi te , p o w d e r e d 
decahydrate forms t h e t r i h y d r a t e w h e n d r i ed a t 100°, a n d i t becomes su lphur-ye l low, 
a n d a n h y d r o u s af ter h e a t i n g t o redness . The h y d r a t e is insoluble in wa te r , a n d 
in soln. of a m m o n i u m p a r a t u n g s t a t e a n d of lead n i t r a t e , b u t i t is soluble in soda- lye , 
a n d boi l ing p h o s p h o r i c ac id . C. Gonzalez ob t a ined w h i t e needles of s o d i u m lead 
paratungstate , 4 N a 2 O - P b O . 1 2 W O 3 . 2 9 H 2 O , b y a d d i n g a soln. of a lead sa l t t o a 
boiling soln. of s o d i u m p a r a t u n g s t a t e un t i l t h e p r e c i p i t a t e no longer redissolves ; 
t h e fa in t ly t u r b i d soln. is fil tered a n d a l lowed t o s t a n d for a few hours . T h e sa l t 
me l t s a t a r e d - h e a t . 

W . L o t z r e p o r t e d c h r o m i u m paratungstate , C r 2 O 3 J W O 3 J t H 2 O , b y mix ing soln. 
of s o d i u m p a r a t u n g s t a t e a n d chromic chlor ide . T h e pale greyish-green powder 
af ter ca l c ina t ion a p p e a r s s t raw-ye l low w i t h a t i nge of green . W h e n dr ied a t 100° 
af ter ca lc ina t ion i t loses 9 mols . or 8-06 p e r cen t , of wa te r . The c o m p o u n d is 
insoluble in w a t e r or a soln. of ac id a m m o n i u m t u n g s t a t e , b u t soluble in a soln. 
of ch romic chlor ide . W . Lo tz , a n d E . F . A n t h o n found t h a t m a n g a n e s e para­
tungstate , 5 M n 0 . 1 2 W 0 3 . 1 8 H 2 0 , or 3 M n O . 7 W O 3 - I l H 2 O , is p rec ip i t a t ed b y add ing 
s o d i u m p a r a t u n g s t a t e t o a m a n g a n o u s sa l t . T h e wh i t e powder h a s a yellow t inge , 
a n d w h e n h e a t e d t o redness , i t loses i t s w a t e r , a n d becomes yellow. W h e n t h e 
o c t o d e c a h y d r a t e is d r i ed over cone , su lphur i c acid, i t loses 2*79 p e r cen t , or 
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about 5 mols . of water. E . F . A n t h o n represented the salt b y the formula 
MnO.2WO 3 .3H 2 O, and he said t h a t i t is soluble in phosphoric, nitric, or oxalic 
acid. W h e n the soln. in nitric acid is boiled, ye l low tungst ic acid separates 
out . C. Gonzalez said that the precipitate is the tetratriacontahydrcUej 
3MnO.7WO 3 .20H 2 O, or 5MnO.12WO 3 . 34H 2 O. G. v o n Knorre prepared whi te 
or pale yellow crystals of sodium manganous paratungstate, 3Na 20.3MnO. 14WO8 . 
3 6 H 2 O , by mixing soln. of equimolar proportions of manganous sulphate and sodium 
paratungstate a t 70°. Part of the salt separates out at once, and part separates 
gradually as the soln. cools. L. A. Hal lopeau obtained p o t a s s i u m m a n g a n o u s 
paratungstate , 3 K 2 0 . 2 M n O . 12AVO3.16H2O, b y mixing equimolar soln. of manganous 
sulphate, and potass ium paratungstate . The white precipitate has a t inge of 
yel low, and it consists of microscopic, rhombic prisms, which lose about 10 mole, 
of water at 100°. The salt is insoluble in water. A. Rogers and E . F . S m i t h s 
a m m o n i u m m a n g a n i c paratungs ta te is described in connect ion wi th the normal 
tungstates . 

iS. F . A n t h o n observed that a soln. of a m m o n i u m paratungstate precipitates 
yel low ferrous paratungs ta te from a soln. of ferrous chloride. C. Gonzalez prepared 
CObaltous paratungs ta te , 3CoO.7WO 3 .25H 2 O, b y adding a boiling soln. of sodium 
paratungstate to one of cobalt sulphate. If the admixing is reversed, some double 
salt m a y be formed. The oily, viscid mass forms, on cooling, a pale rose-coloured, 
microcrystall ine powder ; it does no t me l t at a red-heat, and when the ignited salt 
is cooled, it is blue. As just indicated, if cobalt sulphate be added t o sodium 
paratungstate , in boiling soln., s o d i u m CObaltous paratungs ta te , 3 N a 2 0 . 2 C o O . 
12WO 3 . 30H 2 O, separates out if the filtered soln. is al lowed t o s tand for a few hours. 
The rose-red crystals become bluish-green after ignition, and t h e y mel t a t a red-
heat. E . F . Anthon , and W. Lotz prepared n i c k e l o u s paratungs ta te , 
3NiO.7WO 3 . 14H 2 O, by adding a soln. of alkali paratungstate to one of a nickel 
salt ; the pale green precipitate dries to a pale green powder. E . F . A n t h o n 
represented it by the formula NiO.2WO 3 . 4H 2 O, but W. Lotz showed t h a t i t is a 
paratungstate . When heated to redness, the salt becomes brown, and sinters. 
The original salt is insoluble in water, sparingly soluble in oxalic acid, and soluble 
in warm phosphoric acid, and*in acetic acid. A. Wolft, and A. Rosenhe im and 
A. WoIfE described an ammonium ferric paratungstate, 3(NH4)20.Fe2O3 .12WO3 . 
27H2O, as well as guanidinium ferric paratungstate, 2 -5 (CN 3 H 6 J 2 CFe 2 O 3 -^WO 3 . 
17H2O. 
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§ 15. The Metatungstates, and Tetratungstates 
F . M a r g u e r i t t e x bo i led h y d r a t e d t u n g s t e n t r i ox ide with, a n a q . soln. of 

a m m o n i u m t u n g s t a t e or a m m o n i a ; s o m e t u n g s t e n t r i ox ide m a y s e p a r a t e f rom t h e 
soln. on cool ing a n d e v a p o r a t i o n , b u t a f t e r w a r d s t h e so-cal led a m m o n i u m m e t a ­
t u n g s t a t e , ( N H 4 ) 2 0 . 4 W 0 3 . 8 H 2 0 , is f o r m e d . A. L a u r e n t a s well a s A . R iche , a n d 
V. F o r c h e r boi led a soln. of o r d i n a r y or less ac id a m m o n i u m t u n g s t a t e s for m a n y 
h o u r s , a n d o b t a i n e d t h i s s a l t b y cooling t h e l iquor . W . L o t z a d d e d t h a t t h e con­
ve r s ion t o m e t a t u n g s t a t e is i n c o m p l e t e a f te r t h e soln . h a s b e e n boi led for m a n y 
d a y s . T. M. T a y l o r bo i led a soln. of t h e p a r a t u n g s t a t e for 2 or 3 d a y s , a n d o b t a i n e d 
t h e s a l t b y e v a p o r a t i o n — v i d e infra, t h e h e x a t u n g s t a t e . A. L a u r e n t t r e a t e d a n 
a q . soln. of a m m o n i u m t u n g s t a t e w i t h di l . n i t r i c ac id , a n d e v a p o r a t e d t h e fi l tered 
soln. ; W . L o t z a d d e d t h a t i t is difficult t o free t h e p r o d u c t f rom a m m o n i u m 
n i t r a t e . C. Sche ib le r h e a t e d b e t w e e n 250° t o 300° a t h i n l aye r of c rys ta l l ine 
a m m o n i u m t u n g s t a t e in a po rce l a in d i sh so long as a m m o n i a is g iven off ; a n d a n 
a q . soln. of t h e r e s idue af ter n i t r a t i o n furn ishes c ry s t a l s of t h i s sa l t . T . M. T a y l o r 
h e a t e d a m m o n i u m p a r a t u n g s t a t e for 4 h r s . a t 150° a n d o b t a i n e d t h e m e t a t u n g s t a t e . 
E . ~F. S m i t h r e c o m m e n d e d s a t u r a t i n g a h o t soln. of purif ied a m m o n i u m p a r a t u n g ­
s t a t e w i t h a w a r m emul s ion of t u n g s t i c ac id ; a n d c o n c e n t r a t i n g t h e f i l t ra te e i the r 
a t 70°, or s p o n t a n e o u s l y a t o r d i n a r y t e m p . M e t h o d s of p r e p a r a t i o n were a lso 
descr ibed b y J . Pe r soz , G. N . WyroubofT, a n d J . C G. de Mar ignac . Ana lyses were 
m a d e b y J . C G. d e Mar ignac , A. L a u r e n t , W . L o t z , A . R i c h e , C. Scheibler , J . Pe r soz , 
!F. M a r g u e r i t t e , a n d H . C o p a u x . F . M a r g u e r i t t e r e p r e s e n t e d his r e su l t s b y 
( N H 4 ) 2 0 . 3 W 0 3 . 5 H 2 0 ; A. L a u r e n t , b y 5 ( N H 4 ) 2 O . H o O J 8 W 0 3 . 3 0 H < > 0 ; W . Lo tz , b y 
2 ( N H 4 ) 2 0 . 8 W 0 3 . 5 H 2 0 ; a n d C. Scheibler , b y ( N H 4 ) 2 0 . 4 W 0 3 . 8 H 2 0 . T h e b e s t 
r e p r e s e n t a t i v e fo rmula is b a s e d on t h e h y p o t h e s i s t h a t t h e parent : ac id is 
H 1 0 [ H 2 ( W 2 O 7 ) 6 ] , a n d t h e o c t o h y d r a t e d a m m o n i u m sa l t is symbol ized 
( N H 4 J 6 H 4 [ H 2 ( W 2 O 7 ) 6 ] . 5 H 2 O . If t h i s h y p o t h e s i s b e cor rec t , t h e n t h e a n h y d r o u s 
sa l t s R 2 0 . 4 W O 3 a r e n o t m e t a t u n g s t a t e s a t all, a n d c a n b e p rov i s iona l ly r e g a r d e d a s 
t e t r a t u n g s t a t e s . J . C. G. d e M a r i g n a c found t h a t w h e n alcohol is a d d e d t o a h o t 
a q . soln. of a m m o n i u m m e t a t u n g s t a t e , monoc l in ic p r i s m s of t h e hexahydrate a r e 
fo rmed ; t h e ax ia l r a t i o s a r e a : b : c = 0 8 1 2 1 : 1 : 0 7 9 6 3 , a n d jQ=95° 9 ' : t h e 
s a l t loses n e a r l y 5 mol s . of w a t e r a t 100° ; a n d t h e a q . soln. h a s a n e u t r a l r eac t ion . 
A . R i c h e r e p o r t e d a tetrahydrate, b u t J . C G. de M a r i g n a c s h o w e d t h a t t h e p r o d u c t 
w a s p r o b a b l y a s i l i co tungs t a t e . 

IF. M a r g u e r i t t e , A . L a u r e n t , C Scheibler , a n d A. R i c h e desc r ibed t h e colourless 
c r y s t a l s of a m m o n i u m m e t a t u n g s t a t e a s r egu l a r o c t a h e d r a ; W . Lo tz , as t e t r a g o n a l 
c rys t a l s , which , a cco rd ing t o G. N . WyroubofE, h a v e t h e ax ia l r a t i o a : c—1 : 0-9747. 
H . C o p a u x g a v e 1 : 1*012 for t h e ax i a l r a t i o , a n d a d d e d t h a t t h e y a re i somorphous 
w i t h 5 ( N H 4 ) 2 0 : B 2 0 3 . 2 4 W 0 3 . 5 2 H 2 0 . G. N . Wyroubof f f o u n d t h a t t h e c rys ta l s 
a r e i s o m o r p h o u s w i t h t h o s e of t h e m e t a t u n g s t a t e s of sod ium, c a d m i u m , a n d 
m a n g a n e s e . T h e bi refr ingence is s t r o n g a n d pos i t i ve . C. Scheibler found t h a t t h e 
c ry s t a l s effloresce r a p i d l y i n a i r ; F . M a r g u e r i t t e , a n d A. R i c h e , t h a t t h e y m e l t in 
t h e i r w a t e r of c rys t a l l i za t ion ; a n d T . M. T a y l o r , t h a t t h e y begin t o g ive off 
a m m o n i a a t 120°. T h e s a l t loses a b o u t 7 m o l s . of w a t e r a t 100°, b u t t h e r e m a i n i n g 
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m o l . c a n n o t be expel led below 200°. T h e res idue r e m a i n i n g af te r t h e expu l s ion 
of w a t e r a t 100°, name ly , ( N H 4 ) 2 O i W O H . H 2 0 , or 2 N H 4 O H i W O 3 , is t h e m o s t 
s t a b l e form of t h e a m m o n i u m t u n g s t a t e s , a n d T. M. T a y l o r r e p r e s e n t e d t h e 
a m m o n i u m t u n g s t a t e s as sa l t s con t a in ing th i s as a nuc leus . W . L o t z sa id t h a t 
12-17 pe r cent , of w a t e r is lost a t 100° ; G. N . Wyrouboff , 7 mols . a t 105° ; J . C. G. d e 
Mar ignac , 10-84 per cent , or a b o u t 7 mols . ; A. L a u r e n t , 11 p e r cen t , a t 200° ; a n d 
A. R iche , 10-95 per cent , a t 100° or in v a c u o . T h e sa l t is freely soluble in water—-
t h u s A. R iche found t h a t 1OO p a r r s of w a t e r a t o r d i n a r y t e m p , dissolve n e a r l y 
30O p a r t s of t h e s a l t ; a n d W. Lo tz , 117-6 p a r t s a t 15°. T h e so lubi l i ty inc reases 
r a p i d l y with a rise of t e m p . , a n d W . L o t z found t h a t t h e soln. s a t . a t 40° is a l m o s t 
solid a t o r d i n a r y t e m p . C. Scheibler said t h a t t h e aq . soln. h a s a h igh i n d e x of 
ref rac t ion ; a n d J . O. G. de Mar ignac , t h a t i t is a l m o s t n e u t r a l ; cone , hyd roch lo r i c 
ac id p rec ip i t a t e s a m m o n i u m chlor ide a n d t h e 3 : 1 6 - t u n g s t a t e . V. I . Sp i t z in a n d 
L . Kaschtanoff found t h a t w i th h y d r o g e n chlor ide , t u n g s t e n d ioxyd ich lo r ide a n d 
s o d i u m di t u n g s t a t e a re formed, a n d t h e l a t t e r t h e n r e a c t s a s p rev ious ly i n d i c a t e d . 
A. R i c h e found t h a t h y d r o g e n su lph ide forms a soluble su lpho- sa l t ; a n d W . L o t z , 
t h a t a m m o n i a t r ans fo rms t h e sa l t in soln. i n t o o r d i n a r y a m m o n i u m , t u n g s t a t e . 
T. M. Tay lo r found t h a t when a m m o n i a is pas sed over a m m o n i u m m e t a t u n g s t a t e 
a t o r d i n a r y t e m p . , needle-l ike c rys ta l s of a m m o n i u m t u n g s t a t e a re fo rmed ; a n d 
a t 100°, p l a t e s of t h e p a r a t u n g s t a t e a re fo rmed . W . L o t z sa id t h a t o r d i n a r y a lcohol 
dissolves a l i t t le m e t a t u n g s t a t e , b u t ab so lu t e a lcohol dissolves n o n e ; a n d J . C. G. de 
Mar ignac added t h a t alcohol p r ec ip i t a t e s t h e m e t a t u n g s t a t e f rom i ts ho t , a q . soln. 
A. R iche found t h a t t h e sa l t is insoluble in e the r . W . L o t z obse rved t h a t w i t h 
p o t a s s i u m fer rocyanide a n d hydroch lo r i c ac id , no p r e c i p i t a t i o n occurs ; a n d in 
oppos i t ion t o a s t a t e m e n t of F . M a r g u e r i t t e , a lkal i h y d r o x i d e s or c a r b o n a t e s g ive n o 
p rec ip i t a t e when a d d e d to t h e aq . soln. of t h e sa l t ; s i lver n i t r a t e g ives a p r e c i p i t a t e 
w h e n a m m o n i a is also a d d e d , a n d t h e p r ec ip i t a t e is soluble in h o t w a t e r . W h e n 
a m m o n i u m or sod ium m e t a t u n g s t a t e is g e n t l y h e a t e d w i t h s o d i u m c h r o m a t e , 
E- F . S m i t h found t h a t t h e fil tered soln. , on s t a n d i n g , depos i t s c r y s t a l s of 
4 N a 2 0 . 1 0 W O 3 . 2 3 H 2 O , a n d sod ium m o l y b d a t e also gives t h e c o r r e s p o n d i n g sa l t . 
N o t u n g s t e n t r iox ide is fo rmed b y h e a t i n g t h e p r o d u c t t o 250° in d r y h y d r o g e n 
chlor ide . N o complex / / /Na2MoO4 . ̂ N a 2 W 4 O 1 3 was fo rmed . 

C Scheibler ob t a ined l i th ium meta tungs ta te , L i 2 0 . 4 W 0 3 . w H 2 0 , b y t h e ac t i on 
of a soln. of l i th ium c a r b o n a t e on a n excess of h y d r a t e d t u n g s t e n t r i ox ide , a n d b y 
t h e ac t ion of l i th ium s u l p h a t e on a soln. of t h e b a r i u m sa l t . T h e e v a p o r a t i o n of 
t h e aq . soln. furnishes a non-crys ta l l i zab le s y r u p . F . H o e r m a n n , F i g . 25, found 
t h a t t h e sa l t ha s an i n c o n g r u e n t m . p . a t 800°. G. v o n K n o r r e fused t o g e t h e r a 
m i x t u r e of 5 mols of l i t h ium c a r b o n a t e a n d 12 mols of t u n g s t e n t r i ox ide , a n d 
e x t r a c t e d t h e m a s s w i t h boil ing wa t e r . The re r e m a i n e d needle- l ike p r i sms of 
s o d i u m tetratungstate , L i 2 W 4 O 1 3 —v ide supra, O. B r u n n e r on t h e t u n g s t e n b r o n z e s . 
C. Scheibler o b t a i n e d s o d i u m tetratungstate , N a 2 0 . 4 W O 3 , b y h e a t i n g t h e coarse ly 
p o w d e r e d p a r a t u n g s t a t e t o redness , a n d e x t r a c t i n g t h e m a s s w i t h h o t w a t e r ; 
t h e r e r e m a i n e d t h i n scales of t h i s sa l t . A t a m u c h h igher t e m p . , t h e p a r a t u n g s t a t e 
p a r t l y s in te r s , a n d forms b lu ish-green p l a t e s or cubes . F . H o e r m a n n , F i g . 25 , 
f o u n d t h a t t h e sa l t h a s a n i n c o n g r u e n t m . p . a t 784°. G. v o n K n o r r e sa id t h a t if 
t h e m e t a t u n g s t a t e be me l t ed , a n d a f t e rwards e x t r a c t e d w i t h w a t e r , t h e r e r e m a i n s 
t h e o c t o t u n g s t a t e . C. F r i e d h e i m sa id t h a t if t h e s a l t be d r i ed a t 110° t o 120°, a n d 
t h e n t r e a t e d w i t h w a t e r , n o r m a l sod ium t u n g s t a t e passes i n t o soln. C. Scheib ler , 
J . E l t z b a c h e r , a n d H . C o p a u x p r e p a r e d s o d i u m m e t a t u n g s t a t e , N a 2 0 . 4 W O 3 . 1 0 H 2 O , 
b y boi l ing a n a q . soln. of t h e p a r a t u n g s t a t e w i t h a n excess of h y d r a t e d t u n g s t e n 
t r i o x i d e u n t i l t h e fi l tered soln. n o longer gave a p r e c i p i t a t e w i t h h y d r o c h l o r i c ac id . 
A c c o r d i n g t o E . Wegel in , a revers ib le r eac t ion is i nvo lved : 3 N a 2 W 4 O 1 3 . A q . + 5 H 2 O 
^ 5 H 2 W 0 4 + 3 N a 2 0 . 7 W O . A q . T h e a q . soln. w a s t h e n c o n c e n t r a t e d ove r a w a t e r -
b a t h , a n d a l lowed t o c rys ta l l ize over cone , su lphur i c ac id . C. Sche ib le r a lso 
p r e p a r e d t h e m e t a t u n g s t a t e b y t r e a t i n g a sa t . a q . soln. of n o r m a l s o d i u m t u n g s t a t e 
w i t h a l a rge excess of cone , ace t ic ac id . A h e a v y , oily l aye r of a cone . soln. of t h e 
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m e t a t u n g s t a t e se t t l e s a t t h e b o t t o m of t h e vessel . F . M a r g u e r i t t e a d d e d a m i n e r a l 
ac id t o a c o n e . soln. of t h e p a r a t u n g s t a t e un t i l t h e p r e c i p i t a t e n o longer redisso lved . 
V. F o r c h e r obse rved t h a t t h i s m o d e of p r e p a r a t i o n is n o t so g o o d a s t h a t of 
C Scheibler . E . F . S m i t h r e c o m m e n d e d t h e following process : 

First purify ordinary sod ium paratungs ta te "by about a dozen recrystal l izat ions from 
aq. soln. H e a t t h e aq. soln. a t 70° t o 75°, and add an emuls ion of tungs t i c acid a t 65° 
t o 70°. "When the so ln . o n ag i ta t ion dissolves n o more tungst ic acid, i t is a l lowed t o s tand 
overnight and filtered. T h e colourless, clear l iquid is t h e n evaporated a t a t e m p , n o t 
exceeding 70°, and , w h e n sufficiently concentrated, a l lowed t o remain in t h e cold. Colour­
less crystals are formed, wh ich , on plac ing be tweon t h e finger and t h u m b , exh ib i t none of 
t h e s t ickiness wh ich occurs w h e n impure sod ium paratungstate lias been used. A soln. 
of the salt , recrystal l ized from water , should g ive no permanent precipitate w h e n treated 
w i t h a s l ight ly ac idulated soln . of bar ium chloride. 

A. L o t t e r m o s e r p r e p a r e d t h e a lka l i m e t a t u n g s t a t e s b y t h e e lectrolysis of a n a q . 
soln. of t h e n o r m a l t u n g s t a t e i n a p a r t i t i o n e d cell u n t i l t h e a n o d e l iquor c o n t a i n e d 
sufficient t u n g s t i c ac id t o fo rm t h e m e t a t u n g s t a t e . T h e sa l t w a s a n a l y z e d b y 
C. Scheibler , a n d V. F o r c h e r ; R . C. W e l l s ' ana lys i s of a s a m p l e g a v e 3 N a 2 0 . 8 W O 3 . 
1 7 H 2 O . E . F . S m i t h f o u n d t h a t t h e c o m p o s i t i o n of t h e d e h y d r a t i o n p r o d u c t 
agrees w i t h t h e fo rmu la 5 ( N a 2 O . W O 3 ) . 7 ( H 2 O . W O 3 ) . 2 1 H 2 O . T h e colourless , oc ta ­
h e d r a l c ry s t a l s were cons ide red b y C. Scheib ler t o be long t o t h e cub ic s y s t e m ; 
b u t C F . R a m m e l s b e r g s h o w e d t h a t t h e y a r e t e t r a g o n a l b i p y r a m i d s w i t h t h e ax ia l 
r a t i o a : c = \ : 0-9930, a n d G. N . Wyroubof f a d d e d t h a t t h e sa l t is i s o m o r p h o u s 
w i t h t h e t u n g s t a t e s of a m m o n i u m , c a d m i u m , a n d m a n g a n e s e . T h e bi refr ingence 
is fair ly s t r o n g a n d pos i t ive . A s l igh t r e d u c t i o n of t h e t u n g s t a t e , sa id V. F o r c h e r , 
m a y i m p a r t a b lu ish t i n g e . C. Scheib ler g a v e 3-847 for t h e sp . gr . a t 13° ; 
M. SobolefT g a v e 4*04. V. F o r c h e r found t h e c r y s t a l s a r e s t ab l e in air , b u t t h e y 
effloresce in d r y a i r ; t h e y lose t h e g r e a t e r p a r t of t he i r w a t e r over su lphur i c ac id ; 
w h e n h e a t e d , t h e sa l t a p p e a r s yel low, a n d on cooling, b lu i sh -g rey . If t h e ign i t ed 
sa l t be e x t r a c t e d w i t h w a t e r , n o r m a l s o d i u m t u n g s t a t e passes i n t o soln. Accord ing 
t o C. F r i e d h e i m , 7 mols . of w a t e r a re expe l led a t 120°, a n d t h e r e m a i n d e r a t a h ighe r 
t e m p . — o n e mol . of w a t e r is sti l l p r e s e n t a t 240°. A. P . Sabaneeff m a d e some 
o b s e r v a t i o n s on t h i s sub jec t . El. F . S m i t h f o u n d t h a t t h e d e h y d r a t e d sa l t m e l t s 
a t 706-6°. E . Wege l in f o u n d t h a t t h e effect of t h e sa l t o n t h e f .p. of w a t e r agrees 
w i t h t h e a s s u m p t i o n t h a t t h e mo l . w t . is 497 t o 5 0 2 — t h e t heo re t i c a l v a l u e N a 2 W 4 O 1 3 
is 990, so t h a t on t h i s h y p o t h e s i s t h e s a l t furn ishes t w o ions . A. P . Sabaneeff also 
m a d e d e t e r m i n a t i o n s of t h e f .p. of a q . soln. of t h e sa l t ; a n d G. T a m m a n n found 
t h a t t h e v a p . p ress , of soln. of 24-01 , 89-90, a n d 332*8 g r m s . of N a 2 W 4 O 1 3 i n 100 g r m s . 
of w a t e r a r e r e spec t i ve ly 6-4, 19-O, a n d 132-2 m m . lower t h a n t h e v a l u e for w a t e r 
a lone . M. Soboleff f o u n d t h e eq . e lec t r ica l c o n d u c t i v i t y of soln. of a n eq. of t h e 
s a l t in v l i t res of w a t e r , a t 25°, t o be : 

v . . 3 2 64 128 256 512 1024 
A . . 89-3 98-7 107-6 116-6 1 2 6 0 1 3 4 1 m h o s . 

J . E l t z b a c h e r ' s v a l u e s a r e p r o b a b l y t o o low. A. R o s e n h e i m a n d F . K o h n found 
^1024—A 3 2=38-4. E . Wege l in found t h a t on e lect rolys is of aq . soln. , t h e h y d r o g e n 
a n d o x y g e n a re g iven off in t h e p r o p o r t i o n s 2 : 1 i n a g r e e m e n t w i t h t h e a s s u m p t i o n 
t h a t n o p e r t u n g s t a t e is fo rmed . T h e sa l t is e x t r e m e l y so luble in wa te r . V. F o r c h e r 
found t h a t 100 p a r t s of w a t e r a t 19° dissolve 512 p a r t s of s a l t ; a n d C Scheibler , 
t h a t 100 p a r t s of w a t e r a t 13° dissolve 1069 p a r t s of sa l t , a n d t h e s p . gr . of t h e soln, 
is 3-02. T h e a q . soln . h a s a b i t t e r t a s t e , a n d i t shows t h e o r d i n a r y reac t ions of t h e 
m e t a t u n g s t a t e . I t g ives p r e c i p i t a t e s w i t h s a l t s of t h e m e t a l s . F . M a r g u e r i t t e 
sa id t h a t acidic soln. of t h e sa l t y ie ld p l a t e s of t h e triht/drate, b u t t h i s h a s n o t been 
conf i rmed. Accord ing t o C. Schon , if c o t t o n be w o r k e d in a 5 p e r cen t . soln. of 
s o d i u m m e t a t u n g s t a t e , i t r a p i d l y becomes b lue w h e n exposed t o l ight , owing t o 
t h e r e d u c t i o n of t h e c o m p o u n d . I n a d a r k r o o m t h e fabr ic a g a i n becomes w h i t e , 
the b lue co lour r e a p p e a r i n g o n r e n e w e d e x p o s u r e t o l ight . O n t r e a t i n g t h e b lue 
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fabr ic w i t h w a t e r a b lue soln. is ob t a ined , which , on t h e a d d i t i o n of l ead a c e t a t e , 
gives a b lue p rec ip i t a t e . B o t h t h e soln. a n d p r e c i p i t a t e r a p i d l y b e c o m e colourless, 
e v e n in full day l igh t . A s imple soln. of t h e m e t a t u n g s t a t e does n o t c h a n g e colour . 
T h e effect of add ing a sa l t of copper t o t h e m e t a t u n g s t a t e is t o r e t a r d t h o u g h n o t 
t o p r e v e n t t h e ac t ion of l igh t ; fabrics p r e p a r e d w i t h m e t a t u n g s t a t e a n d a coppe r 
s a l t become a t first yel lower a n d t h e n s lowly b luer . T h e r educ ing ac t i on of l i gh t 
is p a r t l y overcome b y t h e oxidizing p rope r t i e s of t h e coppe r sa l t s . T h e obse rva ­
t ions of T . G r a h a m , W. Bil tz a n d A. v o n Vegesack, A. P . Sabaneeff, a n d N . P a p p a d a 
on colloidal soln. of t h e sal t h a v e been discussed in connec t ion wi th colloidal t u n g s t i c 
ac id (q.v.). A. Rosenhe im a n d F . K o h n t r e a t e d 5 c.c. of - 2 V - H 2 W 4 O 1 3 w i t h 
increas ing sp . conduc t iv i t y a t 25°. T h e resu l t s a re s u m m a r i z e d in F i g . 50 . T h e 
resu l t s show t h a t t h e r e is a definite b r e a k w i t h t h e a d d i t i o n of 2 mols . of N a O H t o 
a mol . of H 2 W 4 O 1 3 cor responding w i t h t h e f o r m a t i o n of N a 2 0 . 4 W O 3 ; a n d a lso a 
feeble change of c u r v a t u r e cor responding w i t h t h e convers ion of t h e m e t a t u n g s t a t e 
i n t o n o r m a l t u n g s t a t e . F o r t h e obse rva t ions of V. I . Sp i t z in a n d o t h e r s on t h e 
r educ t i on of t h e t e t r a t u n g s t a t e s , vide supra, t u n g s t e n b ronzes . W . I . Ba rag io l a 
o b t a i n e d oc t ahedra l c rys ta ls of w h a t is p r o b a b l y a n i s o m o r p h o u s m i x t u r e , 
a m m o n i u m sod ium 1 : 3 - m e t a t u n g s t a t e , ( N H 4 ) 2 0 . 3 N a 2 0 . 1 6 W 0 3 . 3 8 H 2 0 , f rom a 
soln. of a m m o n i u m a n d sod ium m e t a t u n g s t a t e s — t h e l a t t e r in excess . J . Lefor t 
s t ud i ed t h e ac t ion of quin ine on t h e a lkal i m e t a t u n g s t a t e s . T h e m e t h o d s of p r e ­

pa r ing aq . soln. of p o t a s s i u m meta tungs ta te , K 2 O . 
4WO3 .TiH2O, a re s imi lar t o t h o s e e m p l o y e d for t h e 
sod ium sa l t . Severa l h y d r a t e s h a v e been r e p o r t e d . 
C Scheibler o b t a i n e d t h e octohydrate, K 2 0 . 4 W O 3 . 
8 H 2 O , b y c rys ta l l i za t ion f rom a n aq . soln. of t h e 
sal t , accord ing t o H . Copaux , a t a low t e m p . ; 
or, accord ing t o C. Scheibler , from t h e m o t h e r -
l iquor o b t a i n e d in p r e p a r i n g t h e p a r a t u n g s t a t e . 
Gr. N . Wyrouboff said t h a t t h e o c t a h e d r a l c ry s t a l s 
belong t o t h e t e t r a g o n a l sy s t em. T h e y qu i ck ly 
effloresce in air, a n d lose 7 mols . of w a t e r a t 100°. 
Along wi th t h e oc t ahed ra l c rys ta l s , C. Scheibler , 
a n d J . C G. de Mar ignac obse rved some ac icu la r 
c rys ta l s which m a y be one of t h e lower h y d r a t e s . 

J . C. G. de Mar ignac p r e p a r e d t h e penlahydrate, K 2 0 . 4 W O 3 . 5 H 2 O , b y t r e a t i n g a n 
a q . soln. of t h e sal t w i th alcohol. T h e p rec ip i t a t e dissolves w h e n t h e soln. is 
w a r m e d , a n d on cooling, monocl inic p r i sms a re depos i t ed . T h e y h a v e t h e ax ia l 
r a t i o s a : b : c = 0 - 5 9 4 5 : 1 : 0-6609, a n d jS=123° 0 ' . T h e birefr ingence is s t r o n g a n d 
pos i t ive . T h e h y d r a t e does n o t effloresce in t h e cold, b u t a t 100°, i t loses 4 mol s . 
of wa te r . The h y d r a t e is freely soluble in w a t e r . H . C o p a u x r e p o r t e d t h e h e m i -
t r i d e c a h y d r a t e , K 2 0 . 4 W 0 3 . 6 4 H 2 0 , or 6 K 2 0 ( 3 H 2 0 ) . 2 4 W 0 3 . 3 6 H 2 0 , t o b e depos i t ed 
f rom a soln. a t 30°. T h e d o u b l y refract ing, h e x a g o n a l p r i sms h a v e t h e ax i a l r a t i o 
a : c = l : 0-659, a n d t h e y are i somorphous w i t h p o t a s s i u m b o r o t u n g s t a t e or silico-
t u n g s t a t e . T h e c rys ta l s a re opt ica l ly ac t ive in h a v i n g a d e x t r o r o t a r y p o w e r for t h e 
ZMine of 9°. H . C o p a u x also o b t a i n e d t h e octohydrate f rom a n a q . soln. of t h i s sa l t 
a t a low t e m p . Crys ta ls of w h a t were p r o b a b l y p o t a s s i u m m e t a t u n g s t a t e were also 
r e p o r t e d b y F . Margue r i t t e , A. Riche , a n d J . Lefor t . F . H o e r m a n n f o u n d t h a t t h e 
t e t r a t u n g s t a t e h a s a n incongruen t m . p . a t 930°—Fig . 35 . G. N . WyroubofE r e p o r t e d 
r u b i d i u m meta tungs ta te , R b 2 0 . 4 W 0 3 . 8 H 2 0 , t o b e formed b y m i x i n g soln. of 
b a r i u m m e t a t u n g s t a t e a n d r u b i d i u m s u l p h a t e , a n d slowly cooling t h e c o n c e n t r a t e d 
f i l t ra te . T h e t e t r a g o n a l , oc t ahed ra l c rys ta l s h a v e t h e ax ia l r a t i o s a : c = 1 : 0-9702 ; 
a n d t h e birefr ingence is s t r o n g a n d posi t ive . T h e c rys ta l s lose w a t e r w h e n exposed 
t o a i r ; a b o u t 7 mols . of w a t e r a re given off a t 150°, a n d all a t a m u c h h igher t e m p . 
100 p a r t s of co ld w a t e r dissolve 10 p a r t s of t h e sa l t , b u t w a r m w a t e r dissolves m u c h 
m o r e . 

C. Scheib ler m i x e d soln. of b a r i u m m e t a t u n g s t a t e a n d coppe r s u l p h a t e , a n d 
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o b t a i n e d f rom t h e f i l t ra te -what were p r o b a b l y monoc l in ic p l a t e s of copper m e t a ­
tungs ta te , C u O . 4 W O 3 . H H 2 O . S. H . C. Br iggs dissolved 20 g r m s . of t u n g s t e n 
t r i ox ide in 20 c.c. of a cold, cone aq . a m m o n i a , a n d a d d e d a so ln . of 5 g r m s . of 
h y d r a t e d coppe r s u l p h a t e in 7-5 c.c. of w a t e r a n d 7-5 c.c. of cone . aq . a m m o n i a ; 
a n d a l lowed t h e filtrate t o s t a n d in a i r . P a l e b lue needles of copper h e x a m m i n o -
m e t a t u n g s t a t e , C u 0 . 4 W 0 3 . 6 N H ^ S H 2 O , were fo rmed . T h e sa l t is insoluble in 
w a t e r , a n d a l m o s t inso lub le in di l . aq . a m m o n i a . C. Scheibler m i x e d boi l ing soln. 
of s o d i u m m e t a t u n g s t a t e a n d si lver n i t r a t e in e q u i m o l a r p r o p o r t i o n s a long w i t h a 
coup le of d r o p s of n i t r i c ac id ; f i l tered off t h e n o r m a l si lver t u n g s t a t e if necessa ry , 
a n d a l lowed t h e soln. t o depos i t w h i t e , o c t a h e d r a l c rys t a l s of s i lver m e t a t u n g s t a t e , 
A g 2 0 . 4 W 0 3 . 3 I I ^ 0 . A . R o s e n h e i m a n d F . K o h n , a n d C. F r i e d h e i m also p r e p a r e d 
t h e sa l t , a n d f o u n d t h a t t h e w h i t e , sca ly c rys t a l s a re a l m o s t inso luble in w a t e r ; 
t h e y lose 0-65 m o l . of w a t e r a t 110° ; 0-87 mol . a t 150° ; 1-1 mol s . a t 160° ; a n d 1-3 
mols . a t 200° . I t is the re fore a s s u m e d t h a t a t l eas t 2, poss ib ly 3 , mols . of w a t e r a re 
i n t i m a t e l y a s soc i a t ed w i t h t h e molecu le . 

C Sche ib le r o b t a i n e d c a l c i u m m e t a t u n g s t a t e , CaO.4WO 3 . 1OH 2 O, f rom a soln. 
o b t a i n e d b y d iges t ing h o t m e t a t u n g s t i c ac id w i t h ca l c ium c a r b o n a t e . G. N . W y r o u -
boff sa id t h a t t h e c ry s t a l s a r e t r ic l in ic p i n a c o i d s — p s e u d o t e t r a g o n a l — a n d h a v e t h e 
ax ia l r a t i o s a : b : c = l - 0 0 7 0 : 1 : 1-3694, a n d a=-=91° 1 ' ; / 3 = 9 3 ° 0 ' ; a n d y==90° 16 ' . 
T w i n n i n g occurs a b o u t t h e (OOl)-plane. T h e bi ref r ingence is n e g a t i v e a n d feeble ; 
a n d t h e op t i c ax ia l ang le 2 2 £ = 1 1 5 ° . C. Scheib ler o b t a i n e d s t r o n t i u m m e t a t u n g ­
s tate , S r 0 . 4 W 0 3 . 8 H 2 0 , i n a s imi la r m a n n e r . C. Scheibler , a n d C. F . R a m m e l s b e r g 
desc r ibed t h e c ry s t a l s a s t e t r a g o n a l , b u t G. N . W y r o u b o i f showed t h a t t h e y a re 
monoc l in ic p r i s m s w i t h t h e ax ia l r a t i o s a : b : c = l - 0 5 5 6 : 1 : 0-7999, a n d /3—90° 2 V . 
T h e b i ref r ingence is n e g a t i v e a n d feeble, a n d t h e op t i c ax i a l ang le 2 2 ? = 9 3 ° 4 0 ' . 
C. Sche ib le r o b t a i n e d b a r i u m m e t a t u n g s t a t e , B a 0 . 4 W 0 3 . 9 H 2 0 , b y m i x i n g boi l ing 
cone . soln. of s o d i u m m e t a t u n g s t a t e a n d b a r i u m chlor ide in t h e p resence of a few 
d r o p s of h y d r o c h l o r i c ac id , a n d cool ing. T h e t r i t u n g s t a t e is also depos i t ed as a 
w h i t e p o w d e r ; t h i s c a n be r e m o v e d b y l ev iga t ion , or b y r ec rys t a l l i za t i on f rom w a t e r 
a c i d u l a t e d w i t h hyd roch lo r i c ac id . E . Z e t t n o w disso lved 42 p a r t s of s o d i u m 
p a r a t u n g s t a t e , 15 p a r t s of s o d i u m h y d r o p h o s p h a t e , a n d 15 c.c. of hyd roch lo r i c 
ac id of s p . gr . 1-12 in 100 c.c. of w a t e r , a n d t h e n a d d e d t o t h e boi l ing l iqu id 9 p a r t s 
of b a r i u m ch lor ide . T h e f i l t ra te w a s e v a p o r a t e d for c rys ta l l i za t ion , a n d t h e p r o d u c t 
r ec rys ta l l i zed f rom w a t e r 2 or 3 t i m e s . Li. A . H a l l o p e a u boi led a soln. of 
p a r a t u n g s t i c ac id w i t h a n excess of b a r i u m c a r b o n a t e , a n d c o n c e n t r a t e d t h e clear 
l iqu id in v a c u o for c rys t a l l i za t ion . E . F . S m i t h found t h a t t h e d e h y d r a t i o n c u r v e 
ag reed w i t h t h e fo rmu la ( B a O . W 0 3 ) 3 ( H 2 O . W 0 3 ) . 6 H 2 0 . C. Scheibler , L . A. H a l l o ­
p e a u , a n d C F . R a m m e l s b e r g desc r ibed t h e w h i t e c r y s t a l s a s t e t r a g o n a l o c t a h e d r a , 
b u t Gr. N . Wyroubof f s h o w e d t h a t t h e y a re r h o m b i c b i p y r a m i d s w i t h t h e a x i a l 
r a t i o s a : b : c = 0 - 9 9 6 2 : 1 : 1-5070. T w i n n i n g occurs a b o u t t h e (HO)-p lane . T h e 
o p t i c ax i a l ang le 22£ ==27° ; a n d t h e c rys t a l s a re feebly b i re f r ingent . T h e sp . gr . 
is 4-298 a t 14°. T h e op t i ca l c h a r a c t e r is pos i t ive ; t h e b i ref r ingence feeble ; a n d 
t h e op t i c ax i a l ang le 2 ^ = 2 7 ° . C. Scheib ler sa id t h a t t h e c rys t a l s a re s t ab l e in a i r ; 
b u t L . A . H a l l o p e a u , t h a t t h e y effloresce in a i r . G. N . Wyroubof f also sa id t h a t 
t h e c r y s t a l s lose w a t e r w h e n e x p o s e d t o a i r . T h e y effloresce over cone, su lphur i c 
ac id . C. Sche ib le r f o u n d t h a t t h e c ry s t a l s lose 8-65 p e r cen t , of w a t e r a t 100° ; 
Lr. A. H a l l o p e a u , 9-27 p e r c e n t . — t h e t heo re t i c a l loss for 6 mo l s . of w a t e r is 8-69 p e r 
c e n t . A. R o s e n h e i m a n d F . K o h n found t h a t 3 mo l s . of w a t e r a re r e t a i n e d b y t h e 
sa l t wh ich h a s b e e n h e a t e d over 100°, a n d t h a t t h e loss of w a t e r a t h igher t e m p , 
is a t t e n d e d b y d i m i n i s h e d so lubi l i ty . H . C o p a u x a d d e d t h a t 1-5 mols . of w a t e r 
a r e r e t a i n e d a t 110°, a n d t h e we igh t r e m a i n s c o n s t a n t a t 150° ; m o r e w a t e r is los t 
b e t w e e n 200 ° a n d 250°, b u t a b o u t half a m o l . is r e t a i n e d a t 250°. After ca lc ina t ion 
t h e p r o d u c t is ye l low a n d insoluble . T h e s a l t is freely soluble in h o t w a t e r ; cold 
w a t e r d issolves t h e s a l t w i t h p a r t i a l d e c o m p o s i t i o n i n t o b a r i u m t r i t u n g s t a t e a n d 
free t u n g s t i c ac id , b u t t h e s e p r o d u c t s r e c o m b i n e if t h e l iqu id be h e a t e d . T h e 
a d d i t i o n of b a r y t a - w a t e r t o t h e a q . soln . p r e c i p i t a t e s n o r m a l b a r i u m t u n g s t a t e . 
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Accord ing t o C. Scheibler , on m i x i n g soln. of b a r i u m m e t a t u n g s t a t e a n d s i lver 
n i t r a t e , a l iqu id is o b t a i n e d which furnishes agg rega t e s of s t u m p y p r i s m s of s i lver 
barium metatungstate. 

C. Scheibler o b t a i n e d a s y r u p y l iqu id b y c o n c e n t r a t i n g t h e n i t r a t e c o n t a i n i n g 
bery l l ium meta tungs ta te , o b t a i n e d b y d o u b l e decompos i t i on w i t h s a y b e r y l l i u m 
s u l p h a t e , a n d b a r i u m m e t a t u n g s t a t e . T h e s y r u p dr ies t o a h a r d m a s s . A soln. of 
m a g n e s i u m meta tungs ta te , o b t a i n e d in a s imi lar w a y , furnishes monoc l in ic p r i sms 
of t h e octohydrate, M g O . 4 W O 3 . 8 H 2 O , w h i c h are s t ab l e in a i r . T h e ax i a l r a t i o s 
found b y G. N . Wyrouboff a re a : b : c = 0 6 7 6 3 : 1 : 0-7792, a n d £ = 1 0 6 ° 4 3 ' . T h e 
op t i ca l c h a r a c t e r is pos i t ive , a n d t h e op t i c ax i a l ang le 2 V = 7 7 ° 5 0 ' . S imi la r ly 
w i t h z inc meta tungs ta te , Z n 0 . 4 W 0 3 . 1 0 H 2 0 ? whose c rys t a l s a r e freely soluble in 
water . W h e n t h r w a t e r is expel led b y ca lc ina t ion a t a r e d - h e a t , t h e res idue is 
insoluble in wa t e r . If t h e soln. is c rys ta l l ized b e t w e e n 6° a n d 20°, i t depos i t s t h e 
octohydrate, ZnO.4WO 3 -BH 2 O, in monocl in ic p r i s m a t i c p l a t e s wh ich were found b y 
G. N . Wyrouboff t o h a v e t h e ax ia l r a t i o s a : b : c = 0 - 6 6 2 6 : 1 : 0-7557, a n d 
^8—105° 57 ' . T h e y a r e i somorphous w i t h t h e co r r e spond ing o c t o h y d r a t e s of 
m a g n e s i u m a n d nickel m e t a t u n g s t a t e s . T h e op t i ca l c h a r a c t e r is pos i t ive ; a n d t h e 
op t i c ax ia l angle 2H =^123°. T h e co r re spond ing c a d m i u m m e t a t u n g s t a t e , 
C d O . 4 W O 3 . 1 0 H 2 O , w a s ob t a ined b y C. Scheibler in a n a n a l o g o u s m a n n e r . T h e 
sa l t is s t ab l e in air . G-. N . Wyrouboff found t h a t t h e t e t r a g o n a l , b i p y r a m i d a l 
c rys t a l s h a v e t h e ax ia l r a t i o a : c = l : 0*9936, a n d t h e y a re i s o m o r p h o u s w i t h t h e 
co r r e spond ing sa l t s of a m m o n i u m , sod ium, a n d m a n g a n e s e . T h e bi refr ingence is 
pos i t ive a n d s t r o n g . C. F r i e d h e i m found t h a t t h e sa l t is s t ab l e in a i r ; a n d i t 
loses 7 mols . of w a t e r b e t w e e n 100° a n d 110° ; a n d a t a dul l r ed -hea t , 10 mo l s . 
C. Scheibler r e p o r t e d mercurous meta tungs ta te , H g 2 0 . 4 W O 3 . 2 5 H 2 O , t o be fo rmed 
b y a d d i n g a soln. of m e r c u r o u s n i t r a t e t o one of a soluble t u n g s t a t e , or a soln. of 
t u n g s t i c ac id ; t h e v o l u m i n o u s , w h i t e p r e c i p i t a t e becomes lemon-yel low a n d m o r e 
c o m p a c t af ter wash ing , a n d d r y i n g in air . C. F r i e d h e i m sa id t h a t on ly t h e p a r a -
t u n g s t a t e is p r o d u c e d b y t h i s process . H . C o p a u x d id n o t succeed in p r e p a r i n g 
m e r c u r o u s m e t a t u n g s t a t e . Cone. soln. of m e t a t u n g s t i c ac id a n d m e r c u r o u s n i t r a t e 
give a c rys ta l l ine p o w d e r w h e t h e r t h e m e t a t u n g s t a t e or t h e m e r c u r o u s sa l t b e in 
excess , t h e compos i t ion of t h e sa l t is H g 2 O : W O 3 = 1-7 : 4. H e o b t a i n e d m e r c u r o u s 
n i tra tometatungs ta te , 9 H g 2 0 . 2 4 W O 3 . N 2 O 5 . 2 9 H 2 O , which c a n b e r e p r e s e n t e d b y 
t h e fo rmula H 2 H g 8 [ H 4 ( W 2 0 7 ) 6 ] . H g N 0 3 . 1 2 £ H 2 0 , in which t h e m e t a t u n g s t i c ac id h a s 
a h igher bas ic i ty t h a n is u sua l . G. N . WyroubofE found t h a t mercur ic m e t a t u n g s t a t e 
prepa red b y doub le decompos i t ion , is insoluble . A. R o s e n h e i m a n d F . K o h n cou ld 
n o t o b t a i n a mercur i c m e t a t u n g s t a t e of c o n s t a n t compos i t ion . 

A. R o s e n h e i m a n d F . K o h n p r e p a r e d tha l lous m e t a t u n g s t a t e , T l 2 0 . 4 W O 3 . 3 H 2 O , 
b y m i x i n g boil ing soln. of eq . p r o p o r t i o n s of s o d i u m m e t a t u n g s t a t e a n d t h a l l o u s 
n i t r a t e in t h e presence of a l i t t le n i t r i c ac id . T h e ye l lowish-whi te , insoluble , 
c rys ta l l ine p o w d e r loses 2- mols . of w a t e r a t 90°. C. Scheibler p r e p a r e d yel low 
c e r o u s meta tungs ta te , Ce 2 (W 4 O 1 3 ) 3 . 30H 2 O, f rom a soln. of b a r i u m m e t a t u n g s t a t e 
a n d ce rous s u l p h a t e . Gr. N . Wyrouboff f o u n d t h a t t h e t r i a c o n t a h y d r a t e is f o r m e d 
i n t r ic l inic p r i s m s below 16°, a n d t h e h e p t a c o s i h y d r a t e a b o v e 16° in r h o m b i c 
c r y s t a l s . T h e t r ic l inic c rys t a l s h a v e t h e ax ia l r a t i o a : b : c = 0 - 9 3 3 8 : 1 : 0-5825, 
a n d a = 9 6 ° 4 3 ' , £ = 9 2 ° 34 ' , a n d y = 9 1 ° 3 0 ' . T h e bi refr ingence is s t r o n g . 
O . N . Wyroubof f s imi lar ly p r e p a r e d l a n t h a n u m m e t a t u n g s t a t e , La 2 (W 4 O 1 S) 8 -SOH 2 O, 
whose t r ic l in ic c rys t a l s h a v e t h e ax i a l r a t i o s a : b : c = 0 - 9 8 5 9 : 1 : 0-5786, a n d 
a = 9 7 ° 6' , yS=93° 50 ' , a n d y = 8 9 ° 2 ' ; a n d t h e rose- red r h o m b i c c r y s t a l s of t h e 
corresponding didymium metatungstate, r>i2(W4013)3.27H20, have the axial 
r a t i o s a : b : c = 0 - 9 7 3 6 : 1 : 1-2952. T h e bi refr ingence is pos i t ive a n d s t r o n g ; a n d 
t h e op t i c ax ia l ang le 2 ^ = 9 4 ° . P . T. Cleve o b t a i n e d s a m a r i u m m e t a t u n g s t a t e , 
S a 2 ( W 4 0 1 3 ) 8 . 3 5 H 2 0 , b y d o u b l e decompos i t ion . T h e c rys t a l s a r e so luble i n w a t e r . 
S imi la r ly , A . Cleve o b t a i n e d y t t erb ium m e t a t u n g s t a t e , Y b 2 ( W 4 0 1 3 ) s . 3 5 H 2 0 , i n 
p r i s m a t i c c ry s t a l s , freely soluble in w a t e r . 

J . I^efort r e p o r t e d l ead te tratungstate , 3 P b O . 4 W O 4 , t o be fo rmed b y p o u r i n g 
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a soln. of l ead a c e t a t e i n t o one of sod ium t u n g s t a t e , w a s h i n g w i t h w a t e r a n d a lcohol , 
a n d d r y i n g over qu i ck l ime a n d su lphur i c acid . T h e w h i t e , a m o r p h o u s p r e c i p i t a t e 
is s t a b l e in a i r . 1OO p a r t s of w a t e r dissolve 0-025 p a r t of t h e sa l t . C. Sche ib le r 
o b t a i n e d l ead m e t a t u n g s t a t e , P b O . 4 W O 3 . 5 H 2 O , f rom soln. of l ead a c e t a t e a n d 
m e t a t u n g s t i c ac id , o r i t s sa l t s , a n d d r y i n g t h e w a s h e d p r o d u c t in a i r . C. F r i e d h e i m 
o b t a i n e d t h e pentahydrate i n c rys t a l s w h i c h slowly effloresce in air , a n d ove r 
su lphu r i c ac id , t h e y lose 3-03 p e r cen t , of w a t e r . T h e a q . soln. is d e c o m p o s e d b y 
h y d r o g e n su lph ide ; a n d t h e sa l t is d issolved b y h o t n i t r i c ac id . W . L o t z r e p o r t e d 
t h e h e x a h y d r a t e in fine needles , t o b e fo rmed b y a d d i n g a m m o n i u m m e t a t u n g s t a t e 
t o a soln. of l ead n i t r a t e , a n d s p o n t a n e o u s l y e v a p o r a t i n g a soln. of t h e p r e c i p i t a t e 
in m u c h w a t e r . E . F . S m i t h sa id t h a t if t h e m i x e d soln. e m p l o y e d b y W . L o t z 
b e n o t h e a t e d , b u t a l lowed t o e v a p o r a t e s p o n t a n e o u s l y , long s i lky needles of n o r m a l 
lead m e t a t u n g s t a t e , P b 0 . 4 W O 3 . 7 H 2 O , a r e fo rmed . Accord ing t o A. R o s e n h e i m 
a n d F . K o h n , l ead m e t a t u n g s t a t e c a n n o t be p r e p a r e d b y s a t u r a t i n g m e t a t u n g s t i c 
ac id w i t h l ead ox ide , or b y t h e d o u b l e d e c o m p o s i t i o n of a n a lka l i m e t a t u n g s t a t e 
w i t h a soln. of a l e ad sa l t . T h e p r o d u c t s a l w a y s h a v e a v a r i a b l e compos i t i on . 
T h e y f o u n d t h a t W . L o t z ' s sa l t , a s well a s a s imi la r s u b s t a n c e o b t a i n e d b y 
V. Forcher, is lead nitratometatungstate, Pb(NO s)2 .PbW4O1 3 .10H2O. The white 
needles lose 7 mols . of w a t e r a t 100°. 

C. Scheibler o b t a i n e d m a n g a n o u s m e t a t u n g s t a t e , M n O ^ W O 3 - I O H 2 O , b y doub le 
d e c o m p o s i t i o n w i t h soln. of b a r i u m m e t a t u n g s t a t e a n d m a n g a n o u s s u l p h a t e ; 
a n d G. N . WyroubofE f o u n d t h a t t h e t e t r a g o n a l o c t a h e d r a h a v e t h e ax ia l r a t i o 
a i c=l : 0-9919. T h e b i re f r ingence is s t r o n g a n d pos i t ive ; a n d t h e colour b y 
reflected l igh t is d i r t y rose , a n d b y t r a n s m i t t e d l ight , amber -ye l low. T h e c rys t a l s 
a r e i s o m o r p h o u s w i t h t h o s e of t h e a n a l o g o u s s o d i u m a n d c a d m i u m sa l t s . T h e 
sa l t r e m a i n s u n c h a n g e d in air , b u t losos 10*61 p e r cen t , or 7 mols . of w a t e r a t 105°. 
C. Sche ib le r f o u n d t h a t ferrous m e t a t u n g s t a t e c a n be o b t a i n e d b y dissolving i ron 
in m e t a t u n g s t i c ac id , b u t on ly i m p u r e c r y s t a l s cou ld b e p r e p a r e d f rom t h e soln. ; 
whi le ferric m e t a t u n g s t a t e cou ld n o t b e o b t a i n e d in a c rys ta l l ine s t a t e . C. Scheibler 
o b t a i n e d coba l tous m e t a t u n g s t a t e , C o O . 4 W O 3 . 9 H 2 O , b y d o u b l e decompos i t i on 
w i t h soln. of c o b a l t o u s s u l p h a t e a n d b a r i u m m e t a t u n g s t a t e ; G. N . W y r o u b o f l 
f o u n d t h a t t h e g a r n e t - r e d , r h o m b i c b i p y r a m i d s h a v e t h e ax ia l r a t i o s 
a : b : c = 0 * 9 8 7 8 : 1 : 1-3764. T w i n n i n g a n d t r i l l ing occur a b o u t t h e (HO)-p lane . 
I t is i s o m o r p h o u s w i t h t h e b a r i u m sa l t w i t h wh ich i t f o rms solid soln. T h e doub l e 
re f rac t ion is pos i t ive ; a n d t h e op t i c ax ia l ang le 2 / £ = 4 7 ° . C. Scheib ler p r e p a r e d 
n i c k e l m e t a t u n g s t a t e , N i O . 4 W O 3 . 8 H 2 O , in a n a n a l o g o u s m a n n e r ; in d a r k g reen , 
monoc l in ic p l a t e s a n d p r i sms , wh ich , a c c o r d i n g t o G. N . Wyrouboff , h a v e t h e 
ax i a l r a t i o s a : b : c = 0 - 6 5 5 5 : 1 : 0-7464, a n d £ = 1 0 6 ° 22 ' . T h e doub l e re f rac t ion 
is pos i t ive , a n d t h e op t i c ax ia l ang le 2 Z Z a = 1 3 2 ° . 
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164, 1 8 6 2 ; Journ. prakt. Chem., (1), 86. 227, 1 8 6 2 ; Bull. Soc. Chim.9 (1), 5 . 197, 1863 ; 
M. Soboleff, Zeit. anorg. Chem., 12. 16, 1896 ; A. P . Sabaneeff, ib., 14. 354, 1897 ; F . H o e r m a n n , 
ib., 177. 145, 1928 ; V. I . Spi tzin a n d L. Kaschtanoff, ib., 157. 141, 1926 ; V. I . Spitzin, ib., 148. 
69, 1925 ; Journ. Buss. jPhys. Chem. Soc., 58 . 474, 1926 ; W . Biltz a n d A. v o n Vegesack, Zeit. 
phys. Chem., 68 . 376, 191O ; G. T a m m a n n , Mem. Acad. St. JPetersbourg, (7), 35 . 1, 1887 ; O. von 
KLnorre, Journ. prakt. Chem., (2), 27 . 49, 1883 ; E . Wegelin, Zur Kenntnis einiger Natrium-
wolframate, Diessenhofen, 1906 ; C. Schoen, Bull. Soc. Mulhouse, 63 . 277, 1893 ; J . E l tzbacher , 
Beitrdge zur Elektrochemie der Wolframate, Berl in, 11 , 1899 ; 1ST. P a p p a d a , Gfazz. Chim. Ital., 82 . 
ii, 22, 1902 ; S. H . C. Briggs, Journ. Chem. Soc., 85 . 676, 1904 ; P . T . Cleve, Chem. News, 5 3 . 
93 , 1 8 8 6 ; Bull. Soc. Chim., (2), 43. 162, 1 8 8 5 ; Oefvers. Svensha Akad. F6rh., 40 . 7, 1 8 8 3 ; 
A. Cleve, ib., 58. 573, 1902 ; Zeit. anorg. Chem., 32 . 152, 1 9 0 2 ; Chem. News, 86 . 248, 1 9 0 2 ; 
W . I . Baragiola, Ueber das Verhalten der norrnalen Natrium-Kaliumsalze des Wolframs, Molybddns, 
und Vanadins gegen Ammoniumchlorid, Berlin, 1902 ; E . JP. Smi th , Proc. Amer. Phil. Soc.9 6 5 . 
18, 1926 ; A. Wolff, Zur Kenntnis der JParawolframate und einiger Heteropolywolframate, Ber l in , 
1930 ; A. Rosenheim a n d A. Wolff, Zeit. anorg. Chem., 193. 47, 64, 1930 ; T . G r a h a m , Journ. 
Chem,. Soc, 17. 318, 1864 ; Froc. Roy. Soc, 13. 340, 1864 ; Phil. Mag., (4), 28 . 314, 1864. 

§ 16. The Penta- and Higher Tungstates 
F. Jean a boiled a soln. of sodium tungstate with ammonium chloride, and 

obtained ammonium pentatungstate, 3NH4OH.5WO3, as a white precipitate. 
The liquid, though acidic, slowly evolves ammonia. O. W. Gibbs, and J. C. G. de 
Marignac obtained a pentatungstate, 2(NH4J2O-DWO3-SH2O, by dissolving 
ammonium paratungstate in boiling water, and cooling the soln. J. C. G. de 
Marignac described the crystals as triclinic pinacoids with the axial ratios 
a : b : c=l-1204 : 1 : 1-71900, and ex=105° 46', /3=95° 17% and y—90° 1'. The 
salt loses approximately 3-5 mols. of water at 100° ; and at ordinary temp., 100 
parts of water dissolve 3-45 to 3-85 parts of salt. The aq. soln. is liable to decompose 
into the paratungstate and ammonia. 

G. von Knorre prepared sodium pentatungstate, Na20.5WO3, by fusing a 
mixture of a mol of sodium tungstate and two mols of tungsten trioxide, by heating 
sodium paratungstate to incipient fusion. On extracting the fused mass with 
cold water, it is left in very brilliant plates or scales. When heated for three 
hours with water at 150°, but little dissolves, the faintly acid liquid containing 
tungstate and metatungstate, the latter in by far the larger quantity. J. C. G. de 
Marignac occasionally obtained crystals of the henahydrate, 2Na20.5WO3.HH2O, 
in the preparation of the paratungstate. The axial ratios of the monoclinic prisms 
are a : b : c=0-6056 : 1 : 0-4477, and /3=118° 36'. J. Lefort, V. Forcher, and 
O. W. Gibbs seem to have obtained the same salt, which they represented 
4Na20.10WO3.22H2O, by pouring a cold, sat. soln. of normal sodium tungstate 
into glacial acetic acid, and washing the sparingly soluble, white, amorphous 
precipitate with alcohol. J. Lefort found that 100 parts of water at 15° dissolve 
16 parts of the salt. O. W. Gibbs' 4Na2O.10WO3.23H2O is probably the same salt 
incompletely dried ; and his 9Na20.22W03.51H20, a mixture of this salt and the 
paratungstate. V. I. Spitzin and L. KaschtanofE found that the action of hydrogen 
chloride can be represented : 

Na W O ^N a2W4°i3 ^Na2W2O7^Na2WO4 -NaCl 
2 *Ul6^WO2Cl2 ^2WO2Cl2 ^WO2Cl2 ^WO2Cl2 

3?or the observations of V. I. Spitzin and others on the reduction of sodium 
pentatungstate, vide supra, tungsten bronzes. J. Lefort reported potassium 
pentatungstate, 2K20.5WO3.4H2O, to be formed by pouring a cone. soln. of normal 
potassium tungstate into an excess of glacial acetic acid, and washing the white, 
amorphous precipitate with alcohol. Prismatic plates are formed when the 
cold aq. soln. is allowed to stand in a desiccator ; 100 parts of cold water dissolve 
5 parts of the salt. When the salt is heated to redness, it becomes yellow and 
tungsten trioxide is set free. When the aq. soln. is boiled, the ditungstate and 
tritungstate are formed. O. W. Gibbs prepared this salt in an analogous manner, 
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a n d a lso b y m i x i n g a cold soln. of t h e d e c a t u n g s t a t e w i t h p o t a s s i u m b r o m i d e o r 
n i t r a t e ; a n d b y e v a p o r a t i n g a soln. of n o r m a l p o t a s s i u m t u n g s t a t e a n d bo r i c 
ac id t o d r y n e s s , e x t r a c t i n g t h e p r o d u c t w i t h w a t e r , a n d a l lowing t h e so ln . t o 
c rys ta l l i ze . O. W . G i b b s r e p r e s e n t e d t h e sa l t b y t h e f o r m u l a 4 K 2 C l O W O 3 - O H 2 O . 
E . Schaefer m e l t e d a m o l of r u b i d i u m c a r b o n a t e w i t h 3 t o 3 J m o l s of t u n g s t e n 
t r i o x i d e a n d o b t a i n e d a g reen i sh m a s s , w h i c h w a s l i x iv i a t ed w i t h w a t e r a c i d u l a t e d 
-with h y d r o c h l o r i c ac id . W h i t e micaceous p l a t e s of rub id ium penta tungs ta te , 
R b 2 O - S W O 8 , r e m a i n e d . T h e y a r e a l m o s t inso luble i n h o t w a t e r , a n d a r e 
d e c o m p o s e d b y a q u a reg ia . 

O . W . G i b b s o b t a i n e d z i n c penta tungs ta te , 2 Z n 0 . 5 W 0 3 . 9 H 2 0 , w h i c h h e 
r e p r e s e n t e d b y 4 Z n O . 1 0 W O 3 . 1 8 H 2 O , f rom cold soln. of s o d i u m p e n t a t u n g s t a t e 
a n d z inc s u l p h a t e . J . Le fo r t m i x e d eq . p r o p o r t i o n s of m e r c u r i c a c e t a t e a n d s o d i u m 
d i t u n g s t a t e i n c o n e , a q . soln. , a n d o b t a i n e d a v e r y pa l e yel low p r e c i p i t a t e of 
mercuric pentatungstate, 3 H g 0 . 5 W 0 3 . 5 H 2 0 . I t resists the action of light. 
100 p a r t s of w a t e r a t 15° d issolve 0-4 p a r t of sa l t . If a m i x e d soln . of s o d i u m 
t r i t u n g s t a t e a n d m e r c u r i c a c e t a t e b e p o u r e d i n t o a lcohol , a n d t h e m i x t u r e a l lowed 
t o s t a n d for s o m e h o u r s , a w h i t e p r e c i p i t a t e of H g O . 5 W O 3 . 5 H 2 O , is fo rmed . I t 
is d e c o m p o s e d b y h o t a n d b y co ld w a t e r . 

A c c o r d i n g t o J . Lefor t , if a m i x e d soln. of s o d i u m t r i t u n g s t a t e a n d a l u m i n i u m 
a c e t a t e is p o u r e d i n t o a lcohol , a w h i t e p r e c i p i t a t e of a l u m i n i u m penta tungs ta te , 
A l 2 O 3 . 5 W O 3 . 6 H 2 O , is fo rmed . W h e n freshly p r e c i p i t a t e d , i t d issolves in w a t e r , 
b u t i t soon d e c o m p o s e s i n t o t h e t e t r a t u n g s t a t e a n d p a r a t u n g s t a t e . E . F . S m i t h 
a n d H . L.. D i e c k o b t a i n e d c h r o m i u m p e n t a t u n g s t a t e , C r 2 0 3 . 5 W 0 3 , in t h e form of 
b r o w n , r h o m b i c needles , w h e n eq . q u a n t i t i e s of p o t a s s i u m d i c h r o m a t e a n d t u n g s t e n 
t r i o x i d e a r e h e a t e d t o g e t h e r u n t i l t h e m i x t u r e fuses a n d n o m o r e gas is evo lved . 
T h e c r y s t a l s a r e n o t a t t a c k e d b y a q u a reg ia ; t h e y were d e c o m p o s e d for ana lys i s 
b y fusion w i t h s o d i u m c a r b o n a t e a n d p o t a s s i u m n i t r a t e . J . Le fo r t o b t a i n e d t h e 
penlahydrate, C r 2 0 . 5 W O 3 . 5 H 2 O , b y p o u r i n g i n t o a lcohol a m i x e d soln. of s o d i u m 
t r i t u n g s t a t e a n d c h r o m i c a c e t a t e . T h e g reen i sh -wh i t e p r e c i p i t a t e is cons ide rab ly 
a l t e r e d b y cold a n d p a r t i c u l a r l y b y boi l ing w a t e r . 

Acco rd ing t o T . M. T a y l o r , 2 C. Sche ib le r ' s m e t h o d of p r e p a r i n g a m m o n i u m 
m e t a t u n g s t a t e , viz., b y h e a t i n g t h e p a r a t u n g s t a t e t o 250°, furn ishes a colloidal, 
g u m m y m a s s of a m m o n i u m h e x a t u n g s t a t e , ( N H 4 ) 2 0 . 6 W 0 3 . 4 or 6 H 2 O . T . M. T a y l o r 
sa id t h a t t o p r e p a r e t h i s sa l t , t h e need le s of t h e p a r a t u n g s t a t e a r e s p r e a d o u t o n a 
wa tch -g l a s s , a n d h e a t e d in a n a i r - b a t h a t 220° for one h o u r . T h e a i r - b a t h m u s t 
a l low t h e e scape of w a t e r a n d a m m o n i a . T h e p r o d u c t is cove red w i t h w a t e r and 
boi led v igo rous ly for fifteen or t w e n t y m i n u t e s , w h e n a clear , b u t d a r k , h e a v y 
l iqu id . resul ts . Th i s is f i l tered a w a y f rom a n y re s idue a n d on e v a p o r a t i o n d r i e s 
i n t o t h e g u m w i t h a n a l m o s t q u a n t i t a t i v e y ie ld . O n s t a n d i n g severa l d a y s in 
w a t e r , t h e r e s idue will p a s s i n t o t h e g u m w i t h o u t p r e v i o u s boi l ing . A t h igher 
t e m p , cons ide rab le t u n g s t i c ac id is s e p a r a t e d a n d t h e y ie ld is n o t so good . T h e 
m e t a t u n g s t a t e free f r o m p a r a t u n g s t a t e m u s t be h e a t e d t o 250°, before y ie ld ing 
t h e g u m , a n d t h e y ie lds a r e n o t h i n g l ike so l a rge as w h e n t h e p a r a t u n g s t a t e sa l t s 
a r e t a k e n for t h e s t a r t i n g - o u t m a t e r i a l . T h e ye l low glass h a s a h igh i n d e x of 
re f rac t ion ; i t is misc ib le w i t h w a t e r i n al l p r o p o r t i o n s ; t h e a q . soln. h a s a n acidic 
r e a c t i o n a n d r e a d i l y a b s o r b s a m m o n i a , a n d w h e n n e u t r a l i z e d w i t h - 2 V - N H 4 O H , 
i t f o rms t h e m e t a t u n g s t a t e . IT. M a r g u e r i t t e , a n d A. L a u r e n t m e n t i o n t h e h e x a -
t u n g s t a t e . A . W . Lieontowitsch cou ld n o t p r e p a r e F . Ul l ik ' s o c t o t u n g s t a t e b u t 
o b t a i n e d i n s t e a d s o d i u m h e x a t u n g s t a t e , N a 2 0 . 6 W 0 3 . 1 5 H 2 0 ; a n d h e o b t a i n e d 
t h e s a m e sa l t b y d isso lv ing 100 g r m s . of s o d i u m m e t a t u n g s t a t e in 25 c.c. of w a t e r 
a n d 11*3 c.c. of h y d r o c h l o r i c ac id of s p . gr . 1-124, a n d a l lowing the t u r b i d soln. 
t o s t a n d for 4 or 5 h r s . T h e f i l tered soln. is a l lowed t o crys ta l l ize in a n i ce -chamber . 
T h e s o d i u m ch lor ide is s e p a r a t e d b y r ec rys t a l l i za t ion m a n y t imes f rom w a t e r . 
T h e d o u b l y re f rac t ing c ry s t a l s a r e c o m b i n a t i o n s of o c t a h e d r a a n d h e x a h e d r a . 
G. J a n d e r a n d co -worke r s a lso p r e p a r e d N a 6 W 6 O 2 1 . J . C. G. de Mar ignac o b t a i n e d 
p o t a s s i u m h e x a t u n g s t a t e , K 2 0 . 6 W 0 3 . w H 2 0 , a s a b y - p r o d u c t i n p r e p a r i n g 
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p o t a s s i u m m e t a t u n g s t a t e b y t h e ac t ion of t h e n o r m a l t u n g s t a t e on t u n g s t i c 
ac id . 

J . C. G. de Mar ignac ob t a ined s o d i u m heptatungstato , N a 6 W 7 O 2 4 ^ l H 2 O , b y 
s lowly cooling a soln. of sod ium p a r a t u n g s t a t e which h a d been boi led for a long 
t ime . T h e triclinic pinacoids h a v e t h e ax ia l r a t ios a : b : c = 0 - 9 2 9 6 : 1 : 0 5 2 0 7 , a n d 
<x=92° 47 ' , / 3 = 9 6 ° 28 ' , a n d y = 8 9 ° 40 ' . T h e h e x a d e c a h y d r a t e w a s o b t a i n e d i n a 
s imi lar w a y wi th a soln. con ta in ing a l i t t le s o d i u m c a r b o n a t e . T h e t r ic l in ic p i n a ­
coids h a v e t h e ax ia l r a t ios a : b : e = 0 6 8 3 6 : 1 : 1-1802, a n d <x=95° 3 ' , / 3 = 1 2 3 ° 4 3 ' , 
a n d y=91° 5 3 ' . 

J . C. G. de Mar ignac 3 found t h a t on cooling a soln. of a m m o n i u m p a r a t u n g s t a t e 
in boil ing wa te r , p a r t of t h e u n c h a n g e d sa l t crys ta l l izes ou t , a n d p a r t a p p e a r s in 
t a b u l a r c rys ta l s of a m m o n i u m octotungstate , 3 (NH 4 J 2 O-SWO 8 -SH 2 O. A. L a u r e n t 
o b t a i n e d a s imilar sal t . G. v o n K n o r r e o b t a i n e d s o d i u m octotungstate , N a 2 0 . 8 W 0 3 , 
b y fusing sod ium m e t a t u n g s t a t e or t h e t e t r a t u n g s t a t e , a n d e x t r a c t i n g t h e fused 
m a s s w i t h wa te r . The re r e m a i n scales or p l a t e s of t h e o c t o t u n g s t a t e , wh ich a re 
a t t a c k e d w i t h difficulty b y acids or a lkal ies . F . Ull ik p r e p a r e d t h e dodecahydrate 
b y m i x i n g a n aq . soln. of t h e m e t a t u n g s t a t e w i t h n i t r i c or hydroch lo r i c acid, a n d 
spon t aneous ly e v a p o r a t i n g t h e soln. T h e c rys t a l s a r e s t ab l e in a i r ; t h e y a re 
freely soluble in cold wate r , a n d t h e aq . soln. depos i t s t h e sa l t u n c h a n g e d . Acids 
a d d e d t o t h e aq . soln. do n o t give a p r ec ip i t a t e . A. W . L e o n t o w i t s c h cou ld n o t 
p r e p a r e F . Ullik.'s sa l t b u t o b t a i n e d i n s t e a d t h e h e x a t u n g s t a t e . R . C. Wel l s ' 
ana lys i s of a m e t a t u n g s t a t e gave t h e formula 3 N a 2 0 . 8 W O 3 . 1 7 H 2 O . L . A. H a l l o p e a u 
t r e a t e d sod ium p a r a t u n g s t a t e w i t h a m m o n i a , dissolved t h e p r o d u c t in wa te r , a n d 
a l lowed t h e soln. t o c rys ta l l i ze—pr ismat ic c rys t a l s of a m m o n i u m s o d i u m o c t o ­
tungs ta te , 3 ( ( N H 4 ) N a ) 2 0 . 8 W O 3 . 1 1 H 2 O , were formed. The c rys ta l s lose a b o u t 6 pe r 
cent , of w a t e r a t 100°. G. v o n K n o r r e o b t a i n e d s teel -grey or b lu i sh-b lack c rys t a l s 
of po tas s ium octotungstate , K 2 0 . 8 W O 3 , as a k i n d of t u n g s t e n b ronze (q.v.) b y 
e lec t rolyzing a m i x t u r e of a mol of p o t a s s i u m c a r b o n a t e a n d 3 mols of t u n g s t e n 
t r iox ide . T h e sp . gr. of t he c rys ta l s is 6-53. -E. Schaefer r e p o r t e d rub id ium o c t o ­
tungstate , K b 2 0 . 8 W O 3 , b y fusing a m i x t u r e of a mol of r u b i d i u m c a r b o n a t e a n d 
3 t o 3£ mols of t ungs t i c acid, powder ing t h e cold p r o d u c t , a n d t h e n h e a t i n g i t for 
a b o u t t h r e e - q u a r t e r s of an hou r in a n a t m . of coal-gas. T h e d a r k - b l u e p r o d u c t c a n 
be purif ied by boiling i t w i th hydroch lo r ic acid , a q u a regia , a soln. of p o t a s s i u m 
h y d r o x i d e or c a r b o n a t e , a n d finally w i t h wa te r—v ide supra, t u n g s t e n b ronzes . 

E . Z e t t n o w ob ta ined bar ium octotungstate , B a O . 8 W O 3 . 8 H 2 O , b y t r e a t i n g 
a soln. of s o d i u m p a r a t u n g s t a t e w i t h phosphor i c ac id u n t i l n o p r e c i p i t a t i o n occurs 
w h e n hydroch lo r ic acid is a d d e d ; t h e l iqu id is t h e n acidified w i t h hyd roch lo r i c 
acid , a n d t r e a t e d w i th b a r i u m chlor ide. Mos t of t h e b a r i u m r e m a i n s in soln. 
a s m e t a t u n g s t a t e , b u t t h e r ema inde r is p r e c i p i t a t e d as a snow-whi te PO1WdCr of 
t h e o c t o t u n g s t a t e . 

A . R i c h e s t ud i ed t h e ac t ion of c a r b o n d iox ide on a n a q . soln. of n o r m a l s o d i u m 
t u n g s t a t e , a n d V. F o r c h e r found t h a t a f te r several d a y s ' ac t ion , smal l c rys t a l s 
of s o d i u m decatungstate , 4 N a 2 0 . 1 O W O 3 . 2 4 H 2 O , were formed. These were w a s h e d 
r e p e a t e d l y w i t h ice-cold w a t e r un t i l t h e f i l t ra te g a v e n o effervescence w i t h h y d r o ­
chlor ic ac id . J . C. G. d e Mar ignac a p p a r e n t l y o b t a i n e d t h e s a m e sa l t b u t r e g a r d e d 
i t a s a p e n t a t u n g s t a t e (q.v.). O. W . Gibbs a d d e d t h a t t h e ac t i on of ace t ic a c id 
on n e u t r a l s o d i u m t u n g s t a t e is t o form t h e 5 : 1 2 - t u n g s t a t e , t h e 9 : 2 2 - t u n g s t a t e , 
o r t h e 4 : l O - t u n g s t a t e , accord ing t o t h e c i r cums tances of t h e case . T h e compos i t i on 
of t h e p r o d u c t d e p e n d s m a i n l y on t h e c o n c e n t r a t i o n of t h e acid, a n d t h e d u r a t i o n 
of i t s a c t i on . E . F . S m i t h t h u s descr ibed his o b s e r v a t i o n s : 

1OO grms. of Na2WO4.2EC2O were dissolved in 14O c.c. of water and 5O c.c. of glacial 
acetic acid 'were gradually introduced into the soln. ; the flask was cooled under running 
water as i t became heated. Beautiful white needles separated, hu t on recrystallization 
from water the 4 : 10- and 5 : 12-salts were the products . Were the white needles not 
recrystallized, b u t simply washed with cold water, and then analyzed, the result approxi­
mated closely to the requirements of the formula 9HTa aO. 22 WO s . 5 IH 2 O. Many similar 
trials gave like results, which would mean t h a t the preceding conditions gave in reality 
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t w o salts 4 : 10 and 5 * 12. Usua l ly there 1WaS a preponderance of t h e first Bait, t h e 
4 : 10-salt, wh ich JT. Lefort m a d e as a whi te , insoluble precipitate , b y pouring a sat . so ln . 
of t h e normal sal t into a n excess of glacial acet ic acid in the cold. Thi s w a s col lected, 
•washed w i t h alcohol, and t h e n dissolved in boi l ing water . On cooling, i t separated in v e r y 
beautiful , transparent , obl ique prisms, \malterable in the air. 

E . B1. S m i t h a d d e d t h a t t h e d e c a t u n g s t a t e is b e s t m a d e b y g r a d u a l l y a d d i n g 
formic ac id t o a soln. of n o r m a l sod ium t u n g s t a t e i n 1OO c.c. of w a t e r u n t i l t h e soln . 
is d i s t i nc t l y ac id , a n d a l lowing t h e m i x t u r e t o s t a n d for c rys t a l l i za t ion for 24 h r s . 
T h e 4 : 1 0 - t u n g s t a t e w a s t h e on ly p r o d u c t , t h e p re sence of t h e 5 : 12- a n d of t h e 
9 : 2 2 - t u n g s t a t e s w a s n o t obse rved . T h e p r o d u c t c a n be purif ied b y rec rys ta l l i za -
t i on f rom w a t e r . T h e c r y s t a l s a r e t h o u g h t t o be monoc l in ic . T h e s p . gr . of t h e 
sa l t , b y E . F . S m i t h , is 4*3. T h e c r y s t a l s effloresce in d r y a i r , a n d w h e n t h e 
d e h y d r a t e d sa l t is red isso lved in w a t e r m u c h h e a t is evo lved . V . F o r c h e r g a v e 
2 N a 2 0 . 5 W 0 3 . 1 2 H 2 0 for t h e fo rmu la ; J . C. G. d e Mar ignac , 2 N a 2 0 . 5 W 0 3 . l l H 2 0 ; 
a n d E . F . S m i t h , 4 N a 2 0 . 1 2 W O 3 . 2 3 H 2 O . T h e d e h y d r a t i o n c u r v e agrees w i t h t h e 
a s s u m p t i o n t h a t t h e sa l t h a s 6 mols . of c o n s t i t u t i o n a l w a t e r , 4 ( N a 2 O . W O 3 ) . 
6 ( H 2 O . W O 3 ) . 1 7 H 2 O . V. F o r c h e r f o u n d t h a t t h e so lubi l i ty of t h e sa l t is 7-94 p a r t s 
p e r 1OO p a r t s of w a t e r a t 22° ; J . L,efort, 16 p e r 1OO a t 15° ; a n d E . F . S m i t h , 19 p a r t s 
p e r 100 a t r o o m t e m p . T h e d e h y d r a t e d s a l t m e l t s a t 680-8°. E . F . S m i t h found 
t h a t t h e a d d i t i o n of a cold a q . soln. of zinc sulphate p r o d u c e d a w h i t e p r e c i p i t a t e 
so luble in a s l igh t excess of z inc s u l p h a t e . F r o m t h i s so lu t ion , o n s t a n d i n g , -white 
need les s e p a r a t e d in s te l la r agg rega t i ons . These w e r e t h e 4 : lO-zinc sa l t desc r ibed 
b y O. W . G i b b s — v i d e t h e p e n t a t u n g s t a t e s . Cadmium, sulpJtate occas ioned a w h i t e 
v o l u m i n o u s p r e c i p i t a t e inso luble in a n excess of c a d m i u m s u l p h a t e a s well a s in 
cold a n d h o t w a t e r , t h u s differing f rom t h e z inc sa l t . W i t h cobalt sulphate a n d 
nickel nitrate p r e c i p i t a t e s soluble in a n excess of t h e p r e c i p i t a n t s a p p e a r e d . T h e 
p r e c i p i t a t e w i t h c o b a l t s u l p h a t e w a s q u i t e g r a n u l a r . A soln. of zirconium oxychloride 
(Z rOCl 2 . 8H 2 O) g a v e (in a soln . of t h e 4 : 10-sal t) a h e a v y , wh i t e a n d e x t r e m e l y 
g e l a t i n o u s p r e c i p i t a t e , inso luble i n w a t e r a n d in a n excess of t h e p r e c i p i t a n t . 
Lanthanum sulphate g a v e a w h i t e , inso luble ge l a t i nous p r e c i p i t a t e . Th i s a lso 
o c c u r r e d w i t h p r a s e o d y m i u m a n d n e o d y m i u m n i t r a t e s . T h e r e w a s n o t h i n g 
r e m a r k a b l e a b o u t t h e s e p r o d u c t s . T h e y p r o v e d t o b e inso lub le a n d were easi ly 
d e c o m p o s e d b y n i t r i c ac id , e v e n in t h e cold . JJranyl nitrate g a v e a f locculent yel low-
c o l o u r e d p r e c i p i t a t e (w i th t h e 4 : 10-sa l t ) . I t r ed i s so lved in a s l ight excess of t h e 
u r a n y l sa l t . T h e soln . w a s f i l tered, w h e n a w h i t e , g r a n u l a r p o w d e r s e p a r a t e d . 
Ferric ammonium sulphate g a v e a c u r d y , s l igh t ly ye l low p r e c i p i t a t e , insoluble in a n 
excess of t h e p r e c i p i t a n t • Alum p r o d u c e d a cop ious , finely-divided p r e c i p i t a t e , 
w h i c h c u r d l e d o n a g i t a t i o n . I t p r o v e d pe r f ec t ly inso lub le . Chromium potassium 
sulphate occas ione4 a p r e c i p i t a t e . I t w a s g reen i sh -g rey in colour , ge l a t i nous a n d 
inso lub le in excess of t h e r e a g e n t a n d also in la rge v o l u m e s of w a t e r . Lead nitrate 
p r o d u c e d a w h i t e , g e l a t i n o u s p r e c i p i t a t e , inso luble in a n excess of t h e p r e c i p i t a n t 
a n d a lso i n h o t w a t e r . Hydroxylamine hydrochloride (in a soln. of 4 : lO-salt) 
c a u s e d n o p r e c i p i t a t i o n . W i t h hydrazine sulphate a r a t h e r v o l u m i n o u s , s o m e w h a t 
f locculent , w h i t e p r e c i p i t a t e a p p e a r e d , inso luble in cold w a t e r , b u t d issolving r a t h e r 
freely in h o t w a t e r , a n d w a s n o t soluble i n a n excess of h y d r a z i n e s u l p h a t e . 
Benzidine hydrochloride p r o d u c e d a w h i t e , h e a v y p r e c i p i t a t e n o t soluble in a n excess 
of t h e p r e c i p i t a n t o r i n boi l ing w a t e r . IPhenylhydrazine hydrochloride w a s w i t h o u t 
v is ib le r e a c t i o n . Naphthylamine hydrochloride g a v e a f lesh-coloured p r e c i p i t a t e , 
inso lub le e v e n i n boi l ing w a t e r . H y d r o c h l o r i c ac id s lowly decomposed i t . Aniline 
hydrochloride g a v e n o p r e c i p i t a t i o n . 

O. W . G i b b s 4 f ound t h a t a m i x e d soln. of s o d i u m p e n t a t u n g s t a t e a n d a m m o n i u m 
chlor ide , fu rn i shed w h i t e , ta lc- l ike scales of a m m o n i u m s o d i u m decatungstate , 
1 6 ( N H 4 ) 2 O . 4 N a 2 O . 5 0 W O 3 . 5 0 H 2 O , o r 4 { 4 ( N H 4 ) 2 O . 1 0 W O 3 } . 4 N a 2 O . 1 0 W O 3 . 5 0 H 2 O . 
W . I . Ba rag io la o b t a i n e d a m m o n i u m s o d i u m 3 : 1 - d e c a t u n g s t a t e , 3 ( N H 4 ) 2 O . N a 2 0 . 
1 0 W O 3 . 1 2 H 2 O , f rom a h o t , s a t . soln. of a m o l of s o d i u m t u n g s t a t e a n d 2 mols 
of a m m o n i u m ch lor ide . I t is e i t he r a n i s o m o r p h o u s m i x t u r e , o r a s a l t 
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N a O . W O 2 O . W O ( O . W O 2 . O N H ^ ) 3 . E . F . Smith, p r e p a r e d c a l c i u m d e c a t u n g s t a t e , 
4 C a O . 1 0 W O 3 . 2 5 H 2 O , as a wh i t e , g r a n u l a r p o w d e r w h i c h d id n o t m e l t a t a low 
r e d - h e a t ; s imi lar ly also w i t h s t ront ium decatungs ta te , 4 S r O . 1 0 W O 3 . 2 6 H 2 O , 
a n d b a r i u m d e c a t u n g s t a t e , 4 B a O . 1 0 W O 3 . 2 2 H 2 O ; z i n c d e c a t u n g s t a t e , 
4 Z n O . 1 0 W O 3 . 2 9 H 2 O — v i d e supra, t h e p e n t a t u n g s t a t e s ; m a n g a n e s e d e c a t u n g s t a t e , 
4 M n O . 1 0 W O 3 . 3 0 H 2 O , a p p e a r s as a w h i t e p r e c i p i t a t e ; cobalt d eca t u n gs ta t e , 
4CoO.10WO 3 . 35H 2 O, is p ink , a n d inso lub le ; a n d n i c k e l d e c a t u n g s t a t e , 
4 N i O . 1 0 W O 3 . 3 4 H 2 O , is a g reen i sh-whi te p o w d e r . A. Wolff p r e p a r e d p o t a s s i u m 
ferric decatungstate, 3K 2O-Fe 2O 3 .10W0 3 .23H 20. 

A. R o s e n h e i m a n d H . Schwer 5 p r e p a r e d a m m o n i u m ferric dodeca tungs ta te , 
4 ( N H 4 ) 2 O . F e 2 0 3 . 1 2 W 0 3 . 2 3 H 2 0 , w h i c h t h e y r e p r e s e n t e d b y t h e f o r m u l a 
( N H 4 J 4 H 6 [ F e ( W O 4 ) O ] ^ H 2 O . Fe r r i c ch lor ide soln. w a s a d d e d i n sma l l p o r t i o n s 
a t a t i m e t o a boil ing soln. of s o d i u m p a r a t u n g s t a t e . T h e b r o w n p r e c i p i t a t e first 
p r o d u c e d redissolves in t h e l iquid . A m m o n i u m ch lor ide w a s a d d e d t o s a t u r a t i o n . 
O n cooling t h e soln., a pa le yel low, mic roc rys t a l l i ne p r e c i p i t a t e s e p a r a t e d o u t . 
B y us ing p o t a s s i u m chloride in p lace of a m m o n i u m chlor ide , p o t a s s i u m ferric 
dodecatungstate , K 4 H 6 [ F e ( W 0 4 ) 6 ] . 9 H 2 0 , w a s s imi la r ly o b t a i n e d . W h e n t h e 
sa l t is h e a t e d n ine mols . of w a t e r a r e expe l led m o r e r ead i l y t h a n t h e r e m a i n d e r . 
T h u s , a t 120°, 8*8 mols . were g iven off ; s imi la r ly a t 130° ; a t 140°, 8-9 mo l s . w e r e 
g iven off; a t 160°, 9*3 mols . ; a n d a t a r e d - h e a t , 11-5 mols . T h e eq . c o n d u c t i v i t y 
of a soln. of an eq. of K 4 H 6 [ F e ( W O 4 J 6 ] ^ H 2 O in v l i t res of w a t e r a t 25° w a s : 

v . . 3 2 64 128 256 512 1024 
A . . 7 8 1 3 88-36 97-27 105-65 116-7 125-9 

from which i t follows t h a t A 1 0 2 4 —A 3 2 =47*8 . T h e sp . c o n d u c t i v i t i e s of 
^ 2 V - ( K 4 H 5 [ F e C W 0 4 ) 6 ] . 9 H 2 0 } w i t h a d d i t i o n s of 0, 1, a n d 2 eq . of TVZV-NaOH, a r e 
respec t ive ly 1-349, 1-562, a n d 1-704 m h o s , a n d w i t h m o r e of t h e soda- lye , ferr ic 
h y d r o x i d e s epa ra t e s ou t . All t h i s is t a k e n t o m e a n t h a t a n e n n e a b a s i c f e r r i tungs t i c 
ac id is involved , resembl ing t h e c o r r e s p o n d i n g fe r r imolybd ic ac id . T h e an ion 
is u n s t a b l e t o w a r d s h y d r o x y l ions so t h a t ac ids of h ighe r bas i c i t y a r e sca rce ly 
possible . T h e t e t r a b a s i c p o t a s s i u m sa l t is ion ized a p p r o x i m a t e l y t h e s a m e a s 
a n o r d i n a r y " n e u t r a l s a l t . " A g u a n i d i n i u m sa l t , ( C H 6 N 3 J 3 H 6 [ F e ( W O 4 J 6 ] . 9 H 2 O , 
h a s b e e n p r e p a r e d — v i d e supra, p a r a t u n g s t a t e s . 

G. v o n K n o r r e 6 fused p o t a s s i u m p a r a t u n g s t a t e , or a m i x t u r e of a m o l of t h e 
n o r m a l t u n g s t a t e w i t h one or t w o mols of t u n g s t e n t r i ox ide , a n d e x t r a c t e d t h e 
m a s s w i t h wa te r . Crys ta ls of p o t a s s i u m te tradecatungs ta te , 5 K 2 0 . 1 4 W O 3 , 
r e m a i n e d . T h e y a re v e r y spar ing ly soluble in cold w a t e r , a n d r a t h e r m o r e so lub le 
in h o t w a t e r . 

W. I. Baragiola 7 obtained ammonium sodium 3 :2-pentadecatungstate, 
3 ( N H 4 J 2 0 . 2 N a 2 0 . 1 5 W O 3 . 2 5 H 2 O , in wh i t e p l a t e s f rom a soln. of 2 mol s of a m m o n i u m 
ch lor ide a n d a mo l of s o d i u m t u n g s t a t e af ter t h e d e c a t u n g s t a t e h a s s e p a r a t e d o u t . 
A h o t , s a t . soln. of 2 mols of a m m o n i u m ch lor ide a n d one m o l of s o d i u m t u n g s t a t e 
furnishes crystals of ammonium sodium 4 : 2-pentadecatungstate, 4(NH4J2O. 
2Na 2 0 .15W0 3 . 21H 2 0 . 

J . C. G. de Marignac 8 obtained ammonium hexadecatungstate, 3(NH4J2O. 
1 6 W 0 3 . 1 7 H 2 0 , b y t h e s p o n t a n e o u s e v a p o r a t i o n of a soln. of t h e m e t a t u n g s t a t e 
m i x e d w i t h some hydroch lo r i c acid . T h e c rys t a l s a r e p r o b a b l y t r ic l in ic , a n d t h e y 
lose a b o u t 13 mols . of w a t e r a t 100°. T h e a q . soln. h a s a n ac id r eac t i on ; a n d o n 
c rys ta l l i z ing t h e a q . soln. , t h e m e t a t u n g s t a t e s e p a r a t e s o u t first. O. W . G i b b s , 
a n d G. v o n K n o r r e p r e p a r e d a m m o n i u m s o d i u m h e x a d e c a t u n g s t a t e , 
4 ( N H 4 J 2 0 . 3 N a 2 0 . 1 6 W O 3 . 1 8 H 2 O . G. J a n d e r a n d co-workers p r e p a r e d a r s e n i c 
octodecatungstic acid, H8[As(W2O7J0]. 

A s i n d i c a t e d in connec t ion w i t h t h e d e c a t u n g s t a t e s , O. W . G i b b s 9 p r e p a r e d 
a c o m p l e x s o d i u m docos i tungs ta te , 5 N a 2 O . 1 2 W O 3 . 5 N a 2 O . 1 0 W O 3 . 5 1 H 2 O , or 
9 N a 2 O ^ W Q 3 - S l H 2 O , i n following t h e d i rec t ions of C. Scheib ler for p r e p a r i n g 
t h e p a r a t u n g s t a t e , a n d h e a d d e d t h a t t h i s s a l t is p r o d u c e d in c ry s t a l s if t h e p r o -
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p o r t i o n of hyd roch lo r i c ac id is j u s t sufficient t o give a wine- red r eac t ion w i t h 
l i t m u s . E . F . S m i t h found t h e d e h y d r a t e d sa l t m e l t s a t 683-3°. H e o b t a i n e d 
t h i s sa l t , b u t d o u b t e d i t s i n d i v i d u a l i t y . B y t r e a t m e n t w i t h zinc s u l p h a t e , z inc 
docos i tungs ta te , 9 Z n 0 . 2 2 W 0 3 . 6 6 H 2 0 , is fo rmed . 
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§ 17. Tlie Pertungstic Acids and the Pertungstates 
Accord ing t o T . F a i r l e y , 1 h y d r o g e n d iox ide dissolves t u n g s t e n t r i ox ide forming 

a soln. c o n t a i n i n g a n u n s t a b l e h ighe r ox ide f rom which green , scaly c rys ta l s a rc 
d e p o s i t e d on e v a p o r a t i o n ove r s u l p h u r i c ac id in v a c u o ; t h i s p r o d u c t is soluble 
in w a t e r , a n d fo rms u n s t a b l e , c rys ta l l ine c o m p o u n d s w i t h t h e a lkal i d ioxides . 
J . 33. C a m m e r e r t r e a t e d t u n g s t e n t r i o x i d e w i t h a boi l ing, t w o per cen t . soln. of 
h y d r o g e n d iox ide , a n d o n e v a p o r a t i n g t h e soln. he o b t a i n e d a deep orange , 
a m o r p h o u s m a s s of m o n o p e r t u n g s t i c ac id , H 2 W O 5 - H 2 O , or W O 3 - H 2 O 2 . H 2 O , 
wh ich dissolves in w a t e r , a n d t h e soln. h a s a n acidic r eac t ion . B . Kel lner could 
n o t i sola te a p r o d u c t of definite compos i t i on f rom a soln. of h y d r a t e d t ungs t i c 
ac id in h y d r o g e n d iox ide . W h e n t h e soln. is c o n c e n t r a t e d , i t decomposes w h e n 
h e a t e d , a l t h o u g h t h e di l . soln . does n o t d e c o m p o s e w h e n boiled . a t 100°. No 

VOL.. XI . 3 H 

Ze.it


834 I N O R G A N I C A N D T H E O R E T I C A L , C H E M I S T R Y 

p r e c i p i t a t i o n occurs w h e n alcohol or e t h e r is a d d e d . If e v a p o r a t e d in a des icca to r , 
a n a m o r p h o u s s u b s t a n c e a p p r o x i m a t i n g perditungst ic acid, H 2 W 2 O 8 ^ H 2 O , o r 
W 2 0 7 . 3 H 2 0 , is fo rmed. I t decomposes a t a b o u t 35° , I t d e c o m p o s e s in w a t e r 
w i t h t h e evo lu t ion of o x y g e n ; I J . P i s sa r j ewsky w a s u n a b l e t o p r e p a r e t h i s 
c o m p o u n d ; b u t he infer red f rom his o b s e r v a t i o n s o n t h e t h e r m a l v a l u e , Q CaIs. , 
of t h e r e a c t i o n be tween t u n g s t e n t r iox ide a n d h y d r o g e n d iox ide t h a t such a c o m ­
p o u n d p r o b a b l y exis ts b u t is less s t a b l e t h a n t h a t b e t w e e n h y d r o g e n d iox ide 
a n d m o l y b d e n u m t r iox ide (q.v.) : 

MoIs H 2 O 2 por raol W O 3 1 2 3 4 5 6 10 
H e a t developed, Q . 0-89 1-536 2 0 0 1 2-728 3-233 3-335 3-466 CaIs. 

J . B r o d e ' s obse rva t ions on t he d i s t r i b u t i o n of h y d r o g e n d iox ide b e t w e e n e t h e r a n d 
a q . soln. of t u n g s t i c acid, a t 20°, confirm t h e v iew t h a t if m o n o p e r t u n g s t i c ac id 
ex is t s in a q . soln. , i t is even m o r e d i ssoc ia ted in a q . soln . t h a n is t h e case w i t h t h e 
co r re spond ing m o n o p e r m o l y b d i c acid . T h u s , w i t h soln. c o n t a i n i n g ^ M - N a 2 W O 4 
a n d JJkT-H2SO4 : 

Free H 2 O 2 . - . 0-265 0-2OO 0-097 m o l 
B o u n d H 2 O 2 per mol W O 3 . 1-34 1-13 0-77 mo l 

Li. P i s sa r j ewsky a s sumed t h a t t h e soln. c o n t a i n e d m o n o p e r t u n g s t i c ac id , 
W O 2 ( O H ) ( O O H ) , a n d d ipe r tungs t i c ac id , W O 2 ( O O H ) 2 , in e q u i l i b r i u m : 
w W 0 2 ( O O H ) 2 + ( ^ + m ) H 2 0 ^ ( w - w ) W 0 2 ( O O H ) ( O H ) + w W 0 2 ( O H ) 2 + ( w + m ) H 2 0 2 . 
H e ca lcu la ted t h e h e a t of fo rma t ion of H 2 W O 6 in soln. f rom t u n g s t i c acid a n d 
oxygen t o be —18-154 CaIs. A. Mazzucchel l i a n d C. B a r b e r o f o u n d t h e p o t e n t i a l 
of a g r a m - e q u i v a l e n t of sod ium p e r t u n g s t a t e i n 10 l i t res of 2V-H2SO4 , a g a i n s t a 
H g : H g 2 S O 4 : iV-H 2 S0 4 -e lec t rode , af ter I , 4, a n d 15 h r s . , t o be r e spec t ive ly 
—0-891 , —0-881 , —0-865 vo l t w i t h a l a rge p l a t i n u m e lec t rode ; —0-894, —0-886, 
—0-865 vo l t w i th a smal l p l a t i n u m e lec t rode ; a n d —0-970, —0-952, a n d —0-947 
v o l t w i t h a gold e lec t rode . A. Mazzucchel l i a n d M. B o r g h i s t u d i e d t h e f o r m a t i o n 
of complexes w i t h opt ica l ly a c t i v e o rgan ic s u b s t a n c e s . E . P . A lva rez s t u d i e d 
t h e ac t i on of t h e p e r t u n g s t a t e s on soln. of l ead a c e t a t e (whi te p r ec ip i t a t e ) , s i lver 
n i t r a t e (whi te p rec ip i t a t e ) , m e r c u r o u s n i t r a t e (wh i t e p r e c i p i t a t e , w i t h r a p i d 
decompos i t ion) , mercur ic chlor ide ( red p r e c i p i t a t e ) , c o p p e r s u l p h a t e (b lue 
p rec ip i t a t e ) , z inc a n d c a d m i u m s u l p h a t e s (whi te p rec ip i t a t e s ) , b i s m u t h n i t r a t e 
(whi te p rec ip i t a t e ; , gold chlor ide (sl ight effervescence a n d escape of o x y g e n ) , 
i n a n g a n o u s chloride (p ink p rec ip i t a t e ) , n icke lous ch lor ide or s u l p h a t e (greenish-
w h i t e p rec ip i t a t e ) , coba l tous n i t r a t e a n d ch lor ide (p ink p r ec ip i t a t e ) , f e r rous 
s u l p h a t e (green or b luish-green p rec ip i t a t e ) , ferric ch lor ide ( red ferric h y d r o x i d e ) , 
a n d a lka l ine e a r t h chlor ides (whi te p rec ip i t a t e s ) . T h e plfccipitates a r e all pe r - sa l t s 
of t h e bases in ques t ion . 

Accord ing t o E . P e c h a r d , w h e n a soln. of s o d i u m p a r a t u n g s t a t e is boi led for a 
few m i n u t e s w i t h h y d r o g e n d ioxide , i t a s s u m e s a yel low t i n t , a n d n o longer g ives 
a p r e c i p i t a t e w i t h n i t r i c ac id ; w h e n i t is e v a p o r a t e d in v a c u o , t h e s y r u p y l iqu id 
depos i t s smal l , wh i t e , r a d i a t i n g c rys t a l s of N a 2 O . W 2 O 7 . 2 H 2 O , t h a t is, s o d i u m 
monoperd i tungs ta te , N a 2 W 2 O 8 . 2 H 2 O . H e also p r e p a r e d a m m o n i u m m o n o -
perdi tungstate , i n a s imi lar m a n n e r , b u t B . Ke l l ne r cou ld n o t i so la te a n a m m o n i u m 
p e r t u n g s t a t e . E . P e c h a r d a d d e d t h a t soclium p e r d i t u n g s t a t e is m o r e so luble 
i n w a t e r t h a n s o d i u m p a r a t u n g s t a t e ; i t g ives oft w a t e r w h e n h e a t e d in v a c u o , 
a n d finally decomposes w i t h t h e evo lu t ion of o x y g e n . Alkal i - lye d e s t r o y s t h e s e 
s a l t s w i t h t h e l i be ra t ion of oxygen ; a n d a q . so ln . l i be r a t e iod ine f r o m p o t a s s i u m 
iod ide , a n d ch lor ine f rom hydroch lo r i c ac id . G. E . T h o m a s f o u n d t h a t b y e lec t ro ­
l y s i n g a 3 0 p e r cen t . soln. of s o d i u m t u n g s t a t e s l igh t ly acidified w i t h ace t i c ac id , 
s o d i u m p e r t u n g s t a t e is fo rmed, b u t h e d i d n o t i so la te t h e sa l t ; b u t J . E l t z b a c h e r 
cou ld n o t p r e p a r e s o d i u m p e r t u n g s t a t e b y t h e e lec t rolys is of a soln. of t h e n o r m a l 
t u n g s t a t e u s ing a h i g h anod ic c u r r e n t d e n s i t y . B . K e l l n e r c o u l d n o t p r e p a r e 
E . P o c h a r d ' s h y d r a t e , b u t h e o b t a i n e d c rys t a l s of t h e tetrahydrate, N a 2 W 2 0 8 . 4 H 2 0 , 
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be longing t o t h e r h o m b i c s y s t e m , b y t h e a c t i o n of h y d r o g e n d iox ide o n a n ac id 
soln. of s o d i u m p a r a t u n g s t a t e m i x e d w i t h a l i t t l e s o d i u m t u n g s t a t e so t h a t t h e 
soln. w o u l d n o t r e a c t ac id . A . Mazzucchel l i a n d C. B a r b e r o found t h e e lec t rode 
p o t e n t i a l s t o w a r d s t h e n o r m a l ca lomel e lec t rode w i t h soln. of s o d i u m p e r d i t u n g s t a t e , 
N a 2 W 2 0 8 . 6 H 2 0 , af ter 1, 3 , a n d 7 h r s . t o b e r e spec t ive ly —0-746, —0-733 , a n d 
—0-733 v o l t w i t h l a rge p l a t i n u m e l e c t r o d e s ; —0-729, —0-736. a n d —7-730 vo l t 
w i t h sma l l p l a t i n u m e lec t rodes ; a n d —0-699, —0-687, a n d —0-699 v o l t w i t h 
go ld e lec t rodes . H y d r o g e n d iox ide does n o t dissolve si lver p a r a t u n g s t a t e , 
a n d i t is d e c o m p o s e d b y n o r m a l si lver t u n g s t a t e ; b u t s i lver perditungstate , 
A g 2 W 2 O 8 . 4 H 2 O , w a s o b t a i n e d b y a d d i n g si lver n i t r a t e t o a soln. of p o t a s s i u m 
p e r t u n g s t a t e . T h e w h i t e p r e c i p i t a t e is spa r ing ly soluble in. w a t e r . B . Ke l l ne r 
also p r e p a r e d s t r o n t i u m perdi tungstate , S r W 2 O 8 . 6 H 2 O , b y a d d i n g a n excess of 
s t r o n t i u m n i t r a t e t o a soln. of p o t a s s i u m h y p e r t u n g s t a t e c o n t a i n i n g a l i t t l e h y d r o g e n 
d iox ide ; a n d s imi la r ly w i t h b a r i u m perdi tungstate , B a W 2 O 8 . 6 H 2 O . 

Li. P i s s a r j ewsky p r e p a r e d a sa l t w i t h t h e compos i t ion , s o d i u m perditungstate , 
N a 2 W 2 O 9 . 6 H 2 O , b y w a r m i n g s o d i u m p a r a t u n g s t a t e for 10 m i n u t e s w i t h a n excess 
of h y d r o g e n d iox ide , p r e c i p i t a t i n g t h e sa l t b y t h e a d d i t i o n of a lcohol , a n d r ec rys t a l -
Iizing f rom w a t e r . T h e wh i t e p o w d e r h a s a yel low t inge , a n d i t cons is t s of mic ro ­
scopic , r h o m b i c p r i s m s . I t de l iquesces a l i t t l e in a ir , a n d w i t h dil . su lphur i c ac id 
i t f o rms h y d r o g e n d iox ide , a n d w i t h cone , s u l p h u r i c ac id , ozone . B . K e l l n e r 
o b t a i n e d w h i t e r h o m b i c c ry s t a l s of l i t h i u m perdi tungstate , L i 2 W 2 O 9 . 6 H 2 O , b y 
a d d i n g a soln. of l i t h i u m s u l p h a t e t o a soln. of a m m o n i u m p a r a t u n g s t a t e in h y d r o g e n 
d iox ide . T h e sa l t is spa r ing ly soluble i n w a t e r . Accord ing t o L . P i s sa r j ewsky , 
t h e r a t i o of W O 3 t o a c t i v e o x y g e n in N a 2 W 2 O 8 . 2 H 2 O is 2 : 1, a n d in N a 2 W 2 O 9 . 6 H 2 O , 
1 : 1 , w h e n d e t e r m i n e d b y t i t r a t i o n w i t h p o t a s s i u m p e r m a n g a n a t e in su lphu r i c 
a c id soln. H e n c e , b y a n a l o g y w i t h t h e p e r s u l p h a t e s , t h e c o n s t i t u t i o n s of t h e ac ids 
c o r r e s p o n d i n g w i t h t he se t w o sa l t s m a y be r e p r e s e n t e d : 

O / \ O H H O / % 0 ° r O^ \ O . O H H O . O / % 0 
Monoperdi tungst ic Acid, H2Wj2O8 

6 / \ O H ° H " O / \ 6 O / W \ O . O H H O . o / ^ i o 
Diperdi tungs t ic Acid, H 2 W 2 O 0 

so t h a t L . P i s s a r j e w s k y ' s acid c a n b e r e g a r d e d as a condensa t i on p r o d u c t of t w o 
molecules of H 2 W O 5 , i.e. 

O 
ON>w^6 

w i t h t h e expu l s ion of a m o l . of w a t e r . P . G. Melikoff a n d L . P i s sa r jewsky also 
p r e p a r e d a pe rox id i zed s a l t of t h i s acid , n a m e l y , s o d i u m dipertungstate , 
N a 2 O 2 . W O 4 . H 2 O 2 , or N a 2 O 2 - W O 5 - H 2 O , w h i c h c a n be r e g a r d e d as a de r iva t i ve of 
dipertungstic acidy H 2 W O 7 , o r 

SX8:S£H » °>o<S;2S ~ ^ w < g - H 

T h e sa l t w a s p r e p a r e d b y t h e a c t i o n of a well-cooled soln . of sod ium h y d r o x i d e 
( I J m o l N a O H t o one m o l of N a W O 4 ) a n d h y d r o g e n d iox ide (six t imes t h e ca lcu la ted 
q u a n t i t y ) o n a soln. of p e r d i t u n g s t a t e . T h e ye l low p o w d e r slowly decomposes 
w i t h t h e evo lu t i on of o x y g e n ; w h e n w a r m e d i t decomposes w i t h a feeble d e t o n a t i o n ; 
a n d w h e n t r e a t e d w i t h w a t e r , t h e evo lu t i on of o x y g e n is a t t e n d e d b y effervescence. 
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I o d i n e is l i be r a t ed f rom p o t a s s i u m iod ide ; a n d w i t h cone , su lphu r i c ac id ozone is 
g i v e n off, a n d w i t h dil . s u l p h u r i c ac id , h y d r o g e n d iox ide is fo rmed . B y cool ing t o 
—2>° a soln. of 3 mols of s o d i u m h y d r o x i d e , half a mo l of N a 2 W 2 O 8 , a n d a n excess of 
h y d r o g e n d ioxide , P . GL Melikoff a n d L.. P i s s a r j e w s k y o b t a i n e d a ye l low c o m p l e x 
( N a 2 O 2 J 2 W O 4 ( N a 2 O 2 . W O 4 . H 2 O 2 ) . 7 H 2 O , w h i c h b e h a v e s chemica l l y l ike t h e 
p r e c e d i n g sa l t . E . Wege l in r e p o r t e d SK>dium d i p e r t u n g s t a t e , N a 2 W 0 6 . 4 H 2 0 , 
or N a ^ W O 4 . 2 H 2 O 2 . 2 H 2 O , a d e r i v a t i v e of d i p e r t u n g s t i c acid , H 2 W O 6 : 

W < O H s>< \ O H *"• 0 / " \ O . O H 

t o be fo rmed b y cool ing a soln. of n o r m a l s o d i u m t u n g s t a t e w i t h a n excess of 25 p e r 
cen t , h y d r o g e n d iox ide . T h e -white, c rys ta l l ine p o w d e r h a s a yel low t i n g e ; i t 
g ives off o x y g e n w h e n dissolved in w a t e r . T h e s a l t a lso e x h i b i t s t h e gene ra l 
p r o p e r t i e s of t h e p e r t u n g s t a t e s . P . G. Melikoff a n d L . P i s sa r j ewsky p r e p a r e d 
p o t a s s i u m hyper tungs ta te , K 2 O 4 . W O 4 . H 2 O , de r ived f rom t h e acid 

Q / XO.O.O.OH °~~^X \ O . O H 

or , if t h e w a t e r of c rys ta l l i za t ion b e inc luded in t h e fo rmula , a n d p e r t u n g s t i c ac id 
b e r e p r e s e n t e d W O ( O O H ) 4 , t h e p o t a s s i u m sa l t b e c o m e s W O ( O O K ) 2 ( O O H ) 2 . I t 
w a s o b t a i n e d b y a d d i n g a n excess of h y d r o g e n d iox ide t o a wel l -cooled soln . of 
p o t a s s i u m h y d r o x i d e a n d t u n g s t a t e , a n d p r e c i p i t a t i n g t h e sa l t b y t h e a d d i t i o n of 
a lcohol . T h e pa l e yel low p rec ip i t a t e d e c o m p o s e s in a i r ; i t exp lodes b y f r ic t ion, or 
b y r a p i d l y h e a t i n g i t t o 80° ; if s lowly h e a t e d , o x y g e n is g iven off. W h e n t r e a t e d 
w i t h "water, oxygen is g iven off ; a n d t h e sa l t g ives o t h e r r e a c t i o n s c h a r a c t e r i s t i c of 
t h e p e r t u n g s t a t e s . B . Ke l lne r p r e p a r e d h e x a g o n a l p r i s m s of p o t a s s i u m h y p e r d i t u n g -
s tate , K 2 W 2 O 1 1 ^ H 2 O , from a soln. of p o t a s s i u m p a r a t u n g s t a t e a n d cold 20 p e r 
cen t , h y d r o g e n d iox ide . T h e sa l t is s t ab l e ; a n d i t is p r e c i p i t a t e d f rom i t s a q . so ln . 
b y a m i x t u r e of alcohol a n d e the r . Most sa l t s of t h e h e a v y m e t a l s g ive p r e c i p i t a t e s 
w i t h t h e a q . soln.—e.g. b a r i u m , lead, mercu r i c , a n d si lver n i t r a t e s , a n d tha l los ic 
s u l p h a t e . 

B . Ke l lne r o b t a i n e d l i t h i u m pertetratungstate , L i 6 W 4 O 1 6 ^ H 2 O , in h e x a g o n a l 
c rys t a l s , f rom t h e m o t h e r - l i q u o r in t h e p r e p a r a t i o n of t h e d i p e r d i t u n g s t a t e . H e 
also p r e p a r e d rub id ium pertetratungstate , R b 4 W 4 0 1 5 . 3 H 2 0 , in s t a b l e , r h o m b i c 
p l a t e s b y e v a p o r a t i n g t h e f i l t ra te from a soln . of r u b i d i u m p a r a t u n g s t a t e in a n 
excess of 20 p e r cen t , h y d r o g e n d iox ide ; a n d w h i t e c r y s t a l s of m a g n e s i u m perte tra­
tungs ta te , M g 2 W 4 O 2 0 . 9 H 2 O , from a soln. of m a g n e s i u m p a r a t u n g s t a t e i n a n excess 
of 2O p e r c e n t , h y d r o g e n d iox ide . B . Ke l l ne r r e p o r t e d c a l c i u m p e r h e x a t u n g s t a t e , 
C a 3 W 6 O 2 7 - B H 2 O , t o be formed, as a wh i t e p r e c i p i t a t e , b y a d d i n g ca l c ium n i t r a t e t o 
a soln . of s o d i u m p a r a t u n g s t a t e a n d n o r m a l t u n g s t a t e in a n excess of h y d r o g e n 
d iox ide . If p o t a s s i u m h y p e r t u n g s t a t e is d isso lved in 10 t o 15 t i m e s i t s w e i g h t of 
co ld w a t e r , a n d t h e soln. a l lowed t o s t a n d o v e r n i g h t , r h o m b i c c r y s t a l s of p o t a s s i u m 
perdecatungs ta te , K 1 4 W 3 0 O s 2 . 2 2 H 2 O , a re fo rmed . If caesium s u l p h a t e b e a d d e d t o 
a h o t soln . of 5 m o l s of s o d i u m p a r a t u n g s t a t e a n d 2 m o l s of t h e n o r m a l s u l p h a t e 
i n a n e q u a l w e i g h t of 20 pe r cen t , h y d r o g e n d iox ide , o n cooling, a macrocrys ta l l ine 
p r e c i p i t a t e of caes ium perdodecatungsta te , C s 6 W 1 2 O 4 1 . 1 2 H 2 O , is f o r m e d . A n 
excess of a so ln . of caesium s u l p h a t e a d d e d t o a h o t soln . of s o d i u m p a r a t u n g s t a t e 
i n 1*2 t o 1-4 t i m e s i t s w e i g h t of 15 p e r cen t , h y d r o g e n d iox ide , y ie lds ye l low c r y s t a l s 
of Cfiesium perparatungsta te , C s 1 0 W 1 2 O 6 6 . l l H 2 O ; a n d r u b i d i u m s u l p h a t e s imi la r ly 
furn ishes r u b i d i u m perparatungstate , R b 1 0 W 1 2 O 4 4 . ! 2 H 2 O , a s a m i c r o c r y s t a l l m e 
p o w d e r . T h e s e sa l t s w a n t o v e r h a u l i n g . 
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§ 18. Tungsten Fluorides and Oxyfluorides 
Accord ing t o H . Moissan , 1 f luorine a t o r d i n a r y t e m p , a t t a c k s t u n g s t e n w i t h 

incandescence fo rming a vo la t i l e f luoride. J . J . Berze l ius obse rved t h a t whi le 
t u n g s t e n t r i ox ide which h a s been ign i t ed dissolves spa r ing ly in hydrof luor ic ac id , 
h y d r a t e d t u n g s t e n t r i ox ide fo rms w i t h hydrof luor ic ac id a yel low, m i l k y l iquid , 
which is so luble in a la rge p r o p o r t i o n of w a t e r . O n e v a p o r a t i o n , t h e soln. y ie lds a 
yel low s y r u p , which , a t a h i g h e r t e m p . , loses s o m e ac id a n d solidifies t o a g reen ish 
mass . T h e p r o d u c t is n o t d e c o m p o s e d b y ign i t ion in a c losed vessel , a n d redissolves 
imper fec t ly in w a t e r t o form a m i l k y l iquid a s before ; while t h e inso luble p a r t 
r e t a i n s hydrof luor ic ac id so v e r y t enac ious ly t h a t i t c a n b e expel led only b y ign i t ion 
w i t h l u m p s of a m m o n i u m c a r b o n a t e . T h e sa l t s o b t a i n e d b y J . J . Berze l ius were 
p r o b a b l y fluodioxytungstates—vide infra. A, Kiche sa id t h a t h y d r a t e d t u n g s t e n 
t r i ox ide dissolves in cone , hydrof luor ic ac id a t 50° t o 60°, b u t on e v a p o r a t i n g t h e 
soln. in air , c rys t a l s of h y d r a t e d t u n g s t e n t r i ox ide s e p a r a t e ou t . 

A. R o s e n h e i m a n d T. H . L i 2 o b t a i n e d c o m p l e x sa l t s of t u n g s t e n trifluoride, W F 3 , 
namely, ammonium tungsten tetrafiuoride, (NH 4 )WF 4 -H 2 O; and potassium 
t u n g s t e n tetrafluoride, K W F 4 - H 2 O — v i d e infra, t u n g s t e n t r i ch lo r ide . 

O. Ruff a n d co-workers 3 o b t a i n e d t u n g s t e n hexaf luoride, W F 6 , b y t h e ac t ion of 
a n h y d r o u s h y d r o g e n fluoride o n t u n g s t e n h e x a c h l o r i d e in a copper - l ined b o m b a t 
o r d i n a r y temp. T h e gas is p a s s e d over t i t a n i u m te t ra f luor ide t o a b s o r b t h e excess 
of h y d r o g e n fluoride, a n d t h e n i n t o a p l a t i n u m vessel , or a paraf l in- l ined vessel , 
cooled t o —70° , a t w h i c h t e m p , t h e p r o d u c t is solid. T u n g s t e n hexaf luor ide is 
a lso fo rmed b y t h e i n t e r a c t i o n of t h e hexach lo r ide a n d a rsen ic t r i f luor ide , 
b u t even r e p e a t e d f r ac t i ona t i on does n o t q u i t e free t h e p r o d u c t f rom arsen ic 
t r i f luor ide . T h e m o s t c o n v e n i e n t m o d e of p r e p a r a t i o n is g r a d u a l l y t o a d d 
a n t i m o n y pen ta f luo r ide t o t u n g s t e n h e x a c h l o r i d e , cooled b y a freezing m i x t u r e , 
a n d s u b s e q u e n t l y t o d is t i l t h e p r o d u c t . Glass vessels c a n be used . T h e y ie ld 
is GO t o 8O p e r c e n t . T u n g s t e n hexaf luor ide is a colourless gas a t o r d i n a r y 
t e m p . I t is t e n t i m e s a s h e a v y a s air , a n d is t h e h e a v i e s t of all k n o w n gases . A t 
a i m . p ress . , i t condenses a t t h e b . p . , 19-5° t o a pa l e ye l low l iquid , a n d below t h e 
m . p . 2-5° i t fo rms a w h i t e solid. T h e v a p . press , a t 2-5° is 375 m m . ; a t 15°, 
649 m m . ; a t 19°, 751 m m . ; a n d a t 19-5°, 76O m m . I t vapor i zes w i t h o u t m e l t i n g 
a t —20° u n d e r 380 m m . press . , a n d a t 0° u n d e r 760 m m . p ress . T h e v a p o u r d e n s i t y 
a t 18-5° is 3 0 3 — t h e o r y 298 . T h e c o m p o u n d fumes s t r o n g l y in a i r fo rming a 
b lu i sh -whi t e c loud . I t is d e c o m p o s e d b y w a t e r w i t h t h e s e p a r a t i o n of yel low, 
h y d r a t e d t u n g s t e n t r i o x i d e . T h e gas is freely so luble in a q . a lkal ies , a n d a q . 
a m m o n i a ; a n d i t is a b s o r b e d b y a lkal i fluorides fo rming c o m p l e x sa l t s . A m m o n i a 
gas r e a c t s v igorous ly fo rming a b r o w n solid ; whi le l iqu id a m m o n i a in a closed vessel 
forms a m m o n i u m fluoride a n d a c lear soln. wh ich on e v a p o r a t i o n leaves a wh i t e solid. 
T u n g s t e n hexaf luor ide , p a r t i c u l a r l y if i t c o n t a i n s t r a c e s of h y d r o g e n fluoride, r a p i d l y 
a t t a c k s copper , z inc, m e r c u r y , t i n , lead, a n t i m o n y , i ron, coba l t , a n d nickel , t h e 
m e t a l so acqu i re s a b lue o r g r e y film. Gold a n d p l a t i n u m a r e n o t a t t a c k e d b y 
t u n g s t e n hexaf luor ide . 

O- Ruff a n d co-workers p r e p a r e d t u n g s t e n oxytetrafluoride, W O F 4 , b y t h e 
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i n t e r a c t i o n of equa l a m o u n t s of t h e o x y t e t r a c h l o r i d e a n d a n h y d r o u s h y d r o g e n 
f luoride in a p l a t i n u m vessel a t 20°, a n d t h e n a l lowing t h e t e m p e r a t u r e t o r ise 
g r a d u a l l y . Af ter 24 h r s . , t h e vessel is h e a t e d t o 280°, while t h e u p p e r p a r t is k e p t 
cool . T h e oxy te t r a f luo r ide condenses i n t h e n e c k as a s n o w - w h i t e m a s s . I t h a s 
a lso been o b t a i n e d b y t h e a c t i o n of l ead or b i s m u t h fluoride on t u n g s t e n t r i ox ide , 
whi le mo i s tu r e is careful ly exc luded . A t o r d i n a r y t e m p . , t h e oxy t e t r a f l uo r ide fo rms 
colourless , hygroscop ic p l a t e s ; i t s m . p . is 110°, a n d i t s b . p . 185° t o 190° . I t is 
co loured yel low in m o i s t a i r owing t o t h e s e p a r a t i o n of h y d r a t e d t u n g s t e n t r i o x i d e ; 
i t fo rms a clear soln . w i t h w a t e r whi le g e n e r a t i n g m u c h h e a t , h y d r o g e n fluoride 
is g iven off, a n d t h e soln . soon depos i t s h y d r a t e d t u n g s t e n t r i o x i d e . H y d r o g e n 
su lph ide a t t a c k s i t superficial ly, w i t h p a r t i a l r e d u c t i o n t o a b l u e s u b s t a n c e . I t 
a b s o r b s a m m o n i a in t h e cold fo rming t u n g s t e n hemiamminoxyte tra i luor ide* 
2 W O F 4 - N H 3 . Th i s s u b s t a n c e is o r ange co loured ; i t a cqu i r e s a w h i t e c r u s t o n 
e x p o s u r e t o air ; i t m e l t s w h e n h e a t e d g iv ing off h y d r o g e n fluoride a n d a m m o n i u m 
fluoride, a n d l eav ing a r e s idue of b lue t u n g s t e n t r i ox ide ; w h e n h e a t e d in a m m o n i a , 
i t d e t o n a t e s s l ight ly ; i t is insoluble in l iqu id a m m o n i a ; i t d issolves in w a t e r a n d 
acqu i r e s -a b lue colour ; a n d t h e a q . soln. r e m a i n s c lear for some t i m e , b u t s lowly 
depos i t s h y d r a t e d t u n g s t e n t r i ox ide . T u n g s t e n oxy t e t r a f l uo r ide is inso luble in 
c a r b o n t e t r a c h l o r i d e , b u t soluble in c a r b o n d i su lph ide , ch loroform, a n d a b s o l u t e 
a lcohol ; i t is spa r ing ly soluble in d r y b e n z e n e , a n d w i t h m o i s t b e n z e n e t h e t u n g s t e n 
is p a r t l y r e d u c e d ; i t is s l ight ly soluble in e t h e r w i t h t h e d e v e l o p m e n t of h e a t ; 
a n d in ace t ic a n h y d r i d e w i t h p a r t i a l decompos i t i on . I t does n o t a t t a c k in t h e co ld 
copper , si lver, z inc, t i n , lead , a l u m i n i u m , a rsen ic , b i s m u t h , a n d i ron , b u t w h e n 
h e a t e d , or w h e n mois t , t h e m e t a l a c q u i r e s a b l u e film. 

A t t e m p t s b y O. Ruff a n d co-workers t o p r e p a r e t u n g s t e n dioxydif luoride, 
W O 2 F 2 , we re n o t successful, a l t h o u g h t h i s c o m p o u n d m i x e d w i t h t h e o x y t e t r a ­
fluoride r e su l t s w h e n t u n g s t e n t r i ox ide a n d l ead fluoride a r e h e a t e d in t h e p re sence 
of a t r a c e of m o i s t u r e ; a n d a l i t t l e is f o rmed b y t h e a c t i o n of w a t e r on t h e o x y t e t r a ­
fluoride. Accord ing t o J . C. Gr. de M a r i g n a c , 4 w h e n t h e n o r m a l or m e t a - t u n g s t a t e s 
a r e d isso lved in hydrof luor ic acid , c o m p o u n d s of t h e m e t a l fluorides w i t h t u n g s t e n 
d ioxydi f luor ide— fLuodioxytungstates—are fo rmed . T h e sa l t s a r e u s u a l l y so luble in 
w a t e r , a n d t h e y crys ta l l ize read i ly . T h e d r y sa l t s a t t a c k glass . Ac ids d o n o t 
p r o d u c e a p r e c i p i t a t e i n aq . soln. , b u t t h e soln . s lowly depos i t s h y d r a t e d t u n g s t e n 
t r i o x i d e . Some r eac t ions of soln. of t h e s e sa l t s were desc r ibed b y R . D . H a l l a n d 
E . E . S m i t h — v i d e T a b l e I I I , 9 . 55 , 4 . 

J . C. G. d e Mar ignac p r e p a r e d a m m o n i u m tr i f luodioxytungstate , N H 4 F . 
W O 2 F 2 - H 2 O , or, accord ing t o A . W e r n e r , N H 4 [ W O 2 F 3 ( H 2 O ) ] , b y t h e a c t i o n of 
hydrof luor ic ac id on a m m o n i u m p a r a t u n g s t a t e ; t h e e x a c t c o n d i t i o n s a r e n o t 
k n o w n because often t h e t e t r a f l u o d i o x y t u n g s t a t e a n d t u n g s t e n t r i ox ide a r e p r o d u c e d . 
T h e r h o m b i c b i p y r a m i d s h a v e t h e ax i a l r a t i o s a :b : c=0-5224 : : 1 : 0*7268. S o m e 
c o m b i n a t i o n s a r e p s e u d o h e x a g o n a l ; a n d t w i n n i n g l ike a r a g o n i t e m a y occur . 
F . M a u r o d iscussed t h e i s o m o r p h i s m of t h e sa l t . T h e sa l t is d e c o m p o s e d b y 
w a t e r , b u t c a n b e c rys ta l l ized u n c h a n g e d f rom w a t e r c o n t a i n i n g hydrof luor ic 
ac id . J . C. G. d e Mar ignac also p r e p a r e d r e c t a n g u l a r p l a t e s of a m m o n i u m 
te traf luodioxytungstate , 2 N H 4 F . W O 2 F 2 . H 2 O , wh ich A. W e r n e r f o r m u l a t e d 
( N H 4 J 2 [ W O 2 F 4 ] ; a n d J . W . Mal le t 

O W / F : R N H 4 
O^ \ F : R N H 4 

T h e s a l t w a s o b t a i n e d f rom a soln. of a m m o n i u m t u n g s t a t e in hydrof luor ic ac id . 
T h e r h o m b i c b i p y r a m i d s h a v e t h e ax ia l r a t i o a :b : c = 0 - 4 1 2 8 : 1 : 1-0027. F . M a u r o , 
a n d E . Scacch i f o u n d t h e sa l t t o b e ifjomorphous w i t h 2 N H 4 F 4 M o O 2 F 2 , a n d 2 N H 4 F . 
M o O F 3 . J. J . Berze l ius seems t o h a v e p r e p a r e d th i s s a l t a s well as t h e c o r r e s p o n d i n g 
p o t a s s i u m c o m p o u n d — v i d e supra. J . C. G. d e M a r i g n a c f o u n d t h a t a m m o n i u m 
t e t r a f l u o d i o x y t u n g s t a t e does n o t c h a n g e a t 100°, a n d a t a h i g h e r t e m p , i t d e c o m p o s e s 
w i t h o u t m e l t i n g . W h e n r a p i d l y h e a t e d , v a p o u r s of t u n g s t e n hexaf luor ide a r e g i v e n 
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off l eav ing a b lue oxide of t u n g s t e n b e h i n d . T h e sa l t is v e r y soluble in w a t e r , a n d 
t h e a d d i t i o n of a m m o n i a t o a cone . soln. gives a p r e c i p i t a t e w h i c h is soluble in 
excess . If t h e a q . soln. is e v a p o r a t e d in air , c rys ta l s of a m m o n i u m p a r a t u n g s t a t e 
a r e fo rmed, a n d a c r u s t a d h e r e s t o t h e walls of t h e vessel . W h e n t h i s is r e c r y s t a l -
l ized f rom a h o t a m m o n i a c a l soln. , r egu la r o c t a h e d r a of a m m o n i u m trifluotri-
oxytungs ta te a r e fo rmed—v i z . ( N H 4 ) 2 W 0 4 . 4 N H 4 F . W O 2 F 2 , or , accord ing t o 
A. W e r n e r , ( N H 4 J 3 [ W O 3 F 3 ] . F . M a u r o sa id t h a t t h e c rys ta l s a r e i s o m o r p h o u s w i t h 
t h e co r re spond ing s a l t of m o l y b d e n u m ; a n d H . B a k e r discussed i t s r e l a t ionsh ip 
w i t h o t h e r c o m p l e x sa l t s . T h e s a l t does n o t c h a n g e a t 100°, b u t a t a h igher t e m p . , 
i t loses a m m o n i a , a m m o n i u m fluoride, a n d h y d r o g e n fluoride. W a t e r dissolves al l 
b u t a smal l r e s i d u u m ; a q . a m m o n i a dissolves t h e sa l t freely a n d w h e n t h e soln. is 
e v a p o r a t e d a m m o n i u m p a r a t u n g s t a t e is formed. 

J . C. G. d e M a r i g n a c o b t a i n e d c rys ta l s of s o d i u m tetraf luodioxytungstate , 
2 N a F - W O 2 F 2 , or N a 2 [ W O 2 F 4 ] , f rom soln. of t h e n o r m a l or ac id t u n g s t a t e s in h y d r o ­
fluoric ac id . J . J . Berze l ius a lso p r e p a r e d a s imilar sa l t . J . C. G. de Mar ignac 
sa id t h a t t h e c rys t a l s a r e p r o b a b l y monocl in ic ; t h e y m e l t a t a dul l r e d - h e a t . 
The re is v e r y l i t t l e loss if t h e sa l t is h e a t e d in a closed vessel , b u t in air , t h e m o l t e n 
m a s s becomes yel low p r o b a b l y b y t h e s e p a r a t i o n of t u n g s t e n tr ioxide^ a n d t h e r e is 
a loss of 13-5 t o 13-7 p e r c e n t . A soln. of p o t a s s i u m p a r a t u n g s t a t e in a n excess of 
hydrof luor ic ac id furnishes r h o m b i c b i p y r a m i d s of p o t a s s i u m trif luodioxy-
tungs ta te , K F . W 0 2 F 2 . H 2 0 , or K [ W O 2 F 3 ( H 2 O ) ] , w i t h t h e ax ia l r a t i o s a : b : c 
= 0 - 5 2 4 3 : 1 : 0-7349, a n d i s o m o r p h o u s w i t h t h e a m m o n i u m sa l t . T h e sa l t loses 
all i t s w a t e r a t 100° ; a n d w h e n h e a t e d t o a h ighe r t e m p , i t b e h a v e s l ike t h e t e t r a ­
f l u o d i o x y t u n g s t a t e . T h e s a l t acqu i re s a yel low colour w h e n h e a t e d ; i t is soluble 
in w a t e r w i t h decompos i t i on . T h e s a l t c a n b e recrys ta l l i zed i n t h e p resence of a n 
excess of hydrof luor ic ac id , o therwise p o t a s s i u m tetraf luodioxytungstate , 
2 K F . W O 2 F 2 - H 2 O , or K 2 [ W O 2 F 4 ] . H 2 O , is formed—v ide supra for t h e a l t e r n a t i v e 
fo rmula . T h i s s a l t w a s p r e p a r e d b y J . J . Berzel ius , J . C. G. de Mar ignac , 
G. M a r c h e t t i , a n d A. P icc in i f rom a soln. of t u n g s t e n t r iox ide in hydrof luor ic acid, 
a n d a d d i n g p o t a s s i u m h y d r o x i d e , or f rom a hydrof luor ic ac id soln. of p o t a s s i u m 
t u n g s t a t e . T h e soln . is e v a p o r a t e d t o d r y n e s s o n a w a t e r - b a t h , e x t r a c t e d w i t h h o t 
w a t e r , a n d t h e f i l t ra te cooled. T h e colourless p l a t e s resemble those of bor ic acid, or 
of m i c a ; J . C. G. d e M a r i g n a c obse rved t h a t t h e y a re monocl in ic p r i sms w i t h t h e 
ax ia l r a t i o a : b : c = 1 - 0 0 1 9 : 1 : 1-0481, a n d £ = 9 8 ° 4 7 ' . E . Scacchi said t h a t t h e 
(OlO)-cleavage is i n c o m p l e t e . G. M a r c h e t t i sa id t h a t t h e sa l t becomes a n h y d r o u s 
a t 100° fo rming t a b u l a r c rys t a l s . J . J . Berze l ius sa id t h a t t h e sa l t m e l t s a t a red-
h e a t w i t h o u t decompos i t ion , a n d w h e n cooled i t is greenish-yel low. J . C. G. de 
M a r i g n a c a d d e d t h a t if h e a t e d t o r edness in a i r , i t gives off h y d r o g e n fluoride, a n d 
fo rms t u n g s t e n t r i o x i d e ; a n d u l t i m a t e l y n o r m a l p o t a s s i u m t u n g s t a t e w i t h a loss 
of a b o u t 16 p e r c e n t . J . J . Berze l ius found t h a t t h e sa l t is spa r ing ly soluble in cold 
w a t e r , a n d freely soluble in h o t w a t e r ; a n d J. C. G. de Mar ignac obse rved t h a t 
100 p a r t s of w a t e r a t 15° dissolve 5-88 p a r t s of t h e sa l t . J . J . Berzel ius sa id t h a t t h e 
sa l t c a n be c rys ta l l i zed u n c h a n g e d f rom i t s soln. in wa te r , or dil . hydroch lo r ic acid . 

J . O. G. d e M a r i g n a c p r e p a r e d monocl in ic p r i s m a t i c c rys ta l s of copper te tra­
fluodioxytungstate, C u F 2 . W O 2 F 2 . 4 H 2 O , i s o m o r p h o u s w i t h C u F 2 . T i F 4 . 4 H 2 O , a n d 
w i t h t h e ax ia l r a t i o s a : b : c = 0 - 7 6 4 8 : 1 : 0-5629, a n d £ = 1 0 3 ° 14 ' . The sa l t is n o t 
a l t e r ed a t 100° ; a t a h ighe r t e m p , i t loses w a t e r a n d h y d r o g e n fluoride, u l t i m a t e l y 
fo rming n o r m a l c o p p e r t u n g s t a t e . T h e s a l t is freely soluble in w a t e r . If a n 
a q . soln. of t h i s s a l t b e m i x e d w i t h a m m o n i u m fluoride, i t furnishes t e t r a g o n a l 
c rys t a l s of a m m o n i u m copper pentaf luodioxytungstate , N H 4 F . C u F 2 . W 0 2 F 2 . 4 H 2 0 , 
w i t h t h e ax ia l r a t i o a : c = l : 1-0945, a n d i s o m o r p h o u s w i t h N H 4 F - G u F 2 - T i C l 4 ^ H 2 O . 
J . C. G. d e Mar ignac o b t a i n e d s i lver tetraf luodioxytungstate a s a de l iquescent m a s s 
which easi ly decomposes ; a n d z inc tetraf luodioxytungstate , Z n F 2 - W O 2 F 2 . 1 0 H 2 O , 
or Z n [ W O 2 F 4 ] . 1 0 H 2 O , in t r ic l in ic c rys ta l s wh ich effloresce in d r y air , a n d m e l t in 
t he i r w a t e r of c rys ta l l i za t ion be low 100°. T h e sa l t is easi ly soluble in w a t e r . T h e 
co r respond ing c a d m i u m tetraf luodioxytungstate is easi ly decomposed , a n d is v e r y 



840 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

del iquescent . F . E p h r a i m a n d L,. H e y m a n n p r e p a r e d tha l lous tr i f luodioxytung-
state, TlF-WO2F2 , and thallous tetrafluodioxytungstate, 2TlF-WO2F2 , in rhombic 
pla tes , from a cone, hydrofluoric ac id soln. of t u n g s t e n t r iox ide m i x e d w i t h t ha l l ous 
fluoride in t h e cold ; h o t soln. furnish tha l lous heptaf luotetxoxyditungstate , 
3 T 1 F . 2 W 0 2 F 2 , in long p r i sms . J . C. G. de Mar ignac p r e p a r e d m a n g a n e s e te tra-
f luodioxytungstate which is easi ly decomposed a n d v e r y d e l i q u e s c e n t ; a n d n i cke l 
tetraf luodioxytungstate , N i F 2 - W O 2 F 2 . IGH 2 O, in de l iquescent c rys t a l s . A. Miolat i 
and G. Rossi prepared cobaltic hexamminoheptafluotetroxyditungstate, 
[ C o ( N H a ) 6 ] F 3 ^ W O 2 F 2 , a s a yel low crys ta l l ine powder , b y a d d i n g t h e h e x a m -
minotrifluori 'de t o a soln. of t u n g s t e n t r iox ide in hydrof luor ic acid, a n d crys ta l l iz ing 
from the soln. in dil. acid. T h e c rys ta l s a re s t ab l e a t 110°. 

A. Piccini * prepared potassium tetrafluotrioxypertungstate, 2 K F . W 0 3 F 2 . H 2 0 , 
b y cooling a h o t soln. of p o t a s s i u m t e t r a f l u o d i o x y t u n g s t a t e in h y d r o g e n d ioxide , 
wash ing t h e p r o d u c t w i t h w a t e r , and recrys ta l l iz ing f rom hydrof luor ic ac id m i x e d 
wi th hyd rogen dioxide . T h e t a b u l a r c rys ta l s a re n o t c h a n g e d in a i r ; t h e y g ive off 
w a t e r v a p o u r a t 100° ; a t 150°, oxygen comes off ; a n d af ter a p ro longed h e a t i n g 
in air, n o r m a l p o t a s s i u m t u n g s t a t e r e m a i n s . T h e sa l t is spa r ing ly soluble in cold 
wa te r , a n d freely soluble in h o t w a t e r . T h e a q . soln. is fairly s t ab le . Accord ing 
t o A. Mazzuccheli i a n d C. B a r b e r o , t h e ox ida t ion p o t e n t i a l of a soln. of a mo l of 
t he sa l t in 15 l i tres of w a t e r is 0-787 t o 0-751 vo l t . 
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§ 19. The Tungsten Chlorides 
H. E. Koscoe 1 reported tungstous chloride, or tungsten dichloride, WCl2, to be 

fo rmed b y h e a t i n g in a b a t h of m o l t e n zinc t u n g s t e n t e t r ach lo r ide in a c u r r e n t of 
c a r b o n d ioxide ; or b y t u n g s t e n hexach lor ide in h y d r o g e n . H . E . Roscoe descr ibed 
t h e p r o d u c t a s a grey , a m o r p h o u s mass , which is n o t s t ab l e in a i r . W h e n h e a t e d 
in h y d r o g e n p rev ious ly passed over w a r m n i t r i c acid, i t forms a m m o n i u m n i t r i t e . 
W a t e r dissolves a l i t t le of t h e dichlor ide forming a b r o w n soln. , b u t h y d r o g e n is 
s lowly evo lved a n d a b r o w n oxide a n d hydroch lo r ic ac id a re p r o d u c e d . W . H a m p e 
sa id t h a t t h e d ichlor ide is infusible. 

J . B . Hi l l f o u n d t h a t i t is difficult t o con t ro l t h e r e d u c t i o n of t h e hexach lo r ide 
b y s o d i u m a m a l g a m , or po ta s s ium-sod ium alloy, a n d t h e yie ld of d ich lor ide is p o o r . 
Accord ing t o K . I a n d n e r a n d co-workers , t u n g s t e n d ichlor ide c a n n o t be p r e p a r e d 
f rom t h e metaL a n d c a r b o n y l ch lor ide , because , ove r a wide r a n g e of t e m p . , c a r b o n 
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a n d red o x y t e t r a c h l o r i d e , a s "well a s t u n g s t e n hexach lo r ide a n d p e n t a c h l o r i d e a r e 
fo rmed. T h e hexach lo r ide is r ead i ly r e d u c e d t o t h e d ich lor ide w h e n i t is h e a t e d w i t h 
p o w d e r e d q u a r t z a n d a l u m i n i u m , m a g n e s i u m , zinc, or l ead in a c u r r e n t of n i t r o g e n . 
T h e p r o d u c t is e x t r a c t e d w i t h hydroch lo r i c acid , a n d t h e redd i sh-ye l low e x t r a c t is 
c o n c e n t r a t e d a n d s a t u r a t e d w i t h h y d r o g e n chlor ide , t h u s caus ing t h e s e p a r a t i o n of 
ch loroaquotungs tous acid, H [ W 3 C l 7 ( H 2 O ) ] . 3 H 2 O , in s lender , ye l low needles w h i c h 
a re m u c h less s t ab l e t h a n t h e co r r e spond ing c o m p o u n d of m o l y b d e n u m . T h e m o l . 
w t . of O 5 H 5 N - H [ W 3 C l 7 ] , c a l cu l a t ed from t h e f .p . of soln. in n i t r o b e n z e n e is 889, w h e n 
t h e theore t i ca l v a l u e is 9 0 1 . K . L i n d n e r m a d e some obse rva t i ons on t h e c o n s t i t u ­
t ion of t h e sa l t . C h l o r o a q u o t u n g s t o u s ac id r ead i ly loses h y d r o g e n ch lor ide w h e n 
exposed t o air . I n alcohol ic soln. , or on g e n t l y h e a t i n g , a mol . of h y d r o g e n ch lor ide 
is evolved , a n d t h e r e r e m a i n s a yel low insoluble r e s idue of monohydrate, W 3 C l 6 - H 2 O . 
T h e c o m p o u n d is soluble in a lkal i - lye w i t h t h e evo lu t ion of h y d r o g e n a n d t h e fo rma­
t ion of a lka l i t u n g s t a t e . J . JB. Hi l l sa id t h a t t h e a q . soln. of c h l o r o a q u o t u n g s t o u s 
ac id w h e n t r e a t e d w i t h p o t a s s i u m h y d r o x i d e fo rms a c lear yel low soln. , wh ich 
r a p i d l y d a r k e n s , a n d f rom w h i c h w e a k ac ids p r e c i p i t a t e a b lack , ge l a t inous 
p r e c i p i t a t e of h y d r a t e d W 2 O 3 . T h e b r o w n a lka l ine soln. , on keep ing for t w e n t y - f o u r 
h o u r s in t h e air , s lowly loses i t s colour , a n d w h e n t r e a t e d w i t h w e a k ac ids y ie lds a 
yel low, ge l a t i nous p r e c i p i t a t e of h y d r a t e d W O 2 . A c c o r d i n g t o K . Liindner a n d 
A. Koh le r , h y d r o l y s i s w i t h a l i t t l e w a t e r furnishes t h e dihydrale, [W 3Cl 4 (H 2O) 2 ]CIo, 
whereas w i t h a n excess of wa te r , t u n g s t i c ac id is f o rmed . S u l p h u r i c ac id c o n v e r t s i t 
i n t o W 3 Cl 4 (SO 4 ) ; a n d h y d r o b r o m i c ac id i n t o H [ W 3 B r 4 C l 3 ( H 2 0 ) ] . 9 H 2 0 . J . B . Hi l l 
s a id t h a t c h l o r o a q u o t u n g s t o u s ac id is so luble in a lcohol , a ce tone , ace t ic ac id , a n d 
m i x t u r e s of a lcohol a n d e the r , b u t a l m o s t inso lub le in e the r . K . "Lindner a n d 
A. K o h l e r p r e p a r e d a n u m b e r of c o m p l e x sa l t s w i t h p y r i d i n e : C 6 H 5 N . H [ W 3 C l 7 ( H 2 O ) ] , 
in yel low leaflets C 5 H 5 N . H [ W 3 0 7 ] . 3 H 2 0 ; ( C 5 H 5 N ) 3 H 3 [ W 3 C l 9 ] , in yel low o c t a h e d r a ; 
C 5 H 5 N . H [ W 3 C 1 7 ( C 5 H 5 N ) ] . 2 ( C 2 H 5 ) 2 0 ; a n d C 2 H 4 ( N H 2 ) 2 . H 2 [ W 3 C 1 7 ] 2 . 2 H 2 0 . W . Bi l t z 
a n d C. f fendius gave 5-436 for t h e sp . gr . of t h e a n h y d r o u s ch lor ide a t 25°/4°, a n d 
46-9 for t h e mol . vo l . F . W . B e r g s t r o m f o u n d t h a t a s l ight ly soluble a m m o n i o b a s i c 
ha l ide is fo rmed w i t h l iqu id a m m o n i a . 

H . F. B e r n h a r d i - G r i s s o n 2 f o u n d t h a t in t h e e lec t ro ly t ic r e d u c t i o n of h y d r o ­
fluoric ac id , or a q . a lcohol ic soln. of t u n g s t i c ac id , t h e r e d d i s h - b r o w n l iqu id b e h a v e s 
t o w a r d s p o t a s s i u m p e r m a n g a n a t e , or a n a m m o n i a c a l soln. of s i lver n i t r a t e as if i t 
c o n t a i n e d a t e r v a l e n t t u n g s t e n sa l t . O. Olsson also w a s ab le t o r e d u c e soln. of 
t u n g s t i c acid t o t e r v a l e n t t u n g s t e n , b y m e a n s of t i n , a n d from t h e soln. , h e p r e p a r e d 
c o m p l e x sa l t s of t u n g s t e n trichloride, WCl 3 . O. Col lenberg a n d co-workers 
d iscussed t h e e lec t ro ly t i c r e d u c t i o n of hyd roch lo r i c ac id soln. of t u n g s t i c ac id t o 
t h e t e r v a l e n t stage-—vide supra, t u n g s t e n t r i ox ide ; a n d K . S o m e y a , t h e t i t r a t i o n of 
soln. of t u n g s t e n t r i ch lo r ide w i t h c o p p e r s u l p h a t e soln. A soln. of t u n g s t i c ac id in 
cone , h y d r o c h l o r i c ac id w a s p r e p a r e d b y g r a d u a l l y a d d i n g a soln. of p o t a s s i u m 
m e t a t u n g s t a t e t o boi l ing h y d r o c h l o r i c ac id . T h e soln. a t 4jP° t o 60° is t h e n 
r e d u c e d w i t h t i n u n t i l t h e colour is a d e e p g reen : i t is t h e n r a p i d l y filtered 
t h r o u g h glass woo] , a n d t h e filtrate s a t . wi th h y d r o g e n chlor ide , cooling m e a n ­
whi le w i t h a freezing m i x t u r e . A yel lowish-green t o ye l lowish-brown p o w d e r 
g r a d u a l l y s e p a r a t e s ; t h e c u r r e n t of h y d r o g e n ch lor ide is s t o p p e d af ter six t o 
seven h o u r s , a n d t h e c rys t a l s a l lowed t o depos i t for t w e n t y - f o u r h o u r s , af ter w h i c h 
t i m e t h e y a r e col lected, w a s h e d w i t h a lcohol a n d e the r , d r i ed in a c u r r e n t of c a r b o n 
d iox ide , a n d p r e s e r v e d i n a c a r b o n d iox ide des icca to r . T h e yield of po tas s ium 
t u n g s t e n enneach lor ide , K 3 W 2 C l 9 , is a b o u t 5 0 - 5 5 p e r cen t . A. R o s e n h e i m a n d 
E . D e h n a lso p r e p a r e d t h i s sa l t . If a m m o n i u m m e t a t u n g s t a t e is e m p l o y e d in 
p lace of t h e p o t a s s i u m sa l t , a m m o n i u m t u n g s t e n enneachlor ide , (NH 4 J 3 W 2 Cl 9 , is 
fo rmed . O. Col lenberg a n d K . S a n d v e d found t h a t 100 c.c. of a soln. a t 20° h a s 
15*4 g r m s . of t h e p o t a s s i u m sa l t . O. Col lenberg a n d K . S a n d v e d found t h e f .p. 
of soln. w i t h 9-362, 3-521, a n d 0-8681 g r m . K 3 W 2 C l 9 p e r 1OO g r m s . of w a t e r a r e 
lowered re spec t ive ly 0-639°, 0-267°, a n d 0-078°, co r r e spond ing w i t h t h e r e spec t i ve 
osmot ic fac to r s i = 2 - 9 5 , 3-28, a n d 3-89. T h e eq . c o n d u c t i v i t y , A, a n d # t h e 

856 
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degree of ioniza t ion , <x, for soln. w i t h a n eq . of t h e sa l t i n v l i t r e s of w a t e r a t 
1°, a r e : 

v . 8 10 32 64 128 256 oo 
A . 55-8 6J-O 65-5 69-8 7 5 1 78-4 86-3 
a . G-71 G-76 0-81 0-87 0-91 

P . R a y a n d H . B h a r gave —0-265 X 1 0 ~ 6 m a s s u n i t for t h e m a g n e t i c suscep t i ­
b i l i ty . O. Olsson a d d e d t h a t b y t r e a t i n g t h e p o t a s s i u m sa l t w i t h a h y d r o c h l o r i c 
acid soln. of rubidium chloride, rubidium tungsten enneachloride, Rb3W2Cl9 , is 
f o r m e d ; a n d s imilar ly w i t h caesium t u n g s t e n enneachlor ide , Cs 3 W 2 Cl 9 , a n d tha l l ous 
t u n g s t e n enneachlor ide , T l 3 W 2 Cl 9 . All t he se sa l t s a r e a n h y d r o u s , h a v e t h e gene ra l 
fo rmula M 3 W 2 Cl 9 , a n d crysta l l ize in t h i n , h e x a g o n a l p l a t e s , w h i c h h a v e a green ish-
yel low colour in t r a n s m i t t e d l ight . T h e cone . a q . soln. a r e g reen , b e c o m i n g 
greenish-yel low on d i lu t ion . T h e so lubi l i ty decreases a s t h e a t o m i c w e i g h t of 
t h e a lka l i m e t a l increases . T h e y c a n b e p r e s e r v e d for severa l d a y s w h e n d r y , b u t 
a re r a p i d l y oxidized w h e n mois t . T h e so lu t ions show n o c h a r a c t e r i s t i c a b s o r p t i o n 
b a n d s , b u t a general abso rp t ion a t e i the r e n d of t h e s p e c t r u m , t h e vis ible s p e c t r u m 
e x t e n d i n g from A ~ 7 0 0 t o A=^520 for a soln. of 1 g r m . of t h e p o t a s s i u m s a l t in 
100 c.c. of 3 p e r cent , hydroch lor ic acid, t h e t h i c k n e s s of t h e a b s o r b i n g l aye r be ing 
I c m . F o r a soln. con ta in ing 0-1 g r m . of t h e sa l t p e r 100 c . c , t h e s p e c t r u m e x t e n d s 
f rom A = IOO t o A = 4 9 0 . O. Col lenberg a n d K . S a n d v e d o b t a i n e d a soln . of t h e 
free acid, enneachlorodi tungst ic ac id , H 3 W 2 C l 9 , b y t r e a t i n g t h e t h a l l o u s sa l t w i t h 
hydrfodic acid, b u t t h e ac id itself could n o t b e i so la ted . T h e t e r m " ous ** a n d 
** ic " lose the i r significance in t h e case of t h e m u l t i v a l e n t e l e m e n t s l ike v a n a d i u m , 
m o l y b d e n u m , etc .—vide 9. 54, 6. S o m e such s y s t e m as t h a t sugges ted b y A . W e r n e r 
is required—e .g . b iva l en t t u n g s t e n c o m p o u n d s a r e t u n g s t i - c o m p o u n d s ; t e r v a l e n t 
t u n g s t e n , tungs to ; q u a d r i v a l e n t t u n g s t e n , t u n g s t e - ; q u i n q u e v a l e n t t u n g s t e n , 
t u n g s t a n - ; a n d sex iva len t t u n g s t e n , t u n g s t o n - . 

Accord ing t o O. Collenberg a n d K . S a n d v e d , t h e c o m p l e x c h a r a c t e r of t h e p o t a s ­
s i u m sa l t c an be d e m o n s t r a t e d b y ionic m i g r a t i o n ; a n d t h e lower ing of t h e f .p . of 
a q . soln. ind ica te t h a t n o t m o r e t h a n four ions a r e f o r m e d b y ion iza t ion : 
^ 3 W 2 C l 9 ^ 3 K * -f- W 2 C l 9 " ' . The sa l t s a re s t r o n g r e d u c i n g a g e n t s s ince soln. of copper , 
si lver, gold, a n d m e r c u r y a re read i ly r e d u c e d ; a n d s t r o n g oxid iz ing a g e n t s oxidize 
t e r v a l e n t t u n g s t e n t o t ungs t i c acid . T h e r e a c t i o n is q u a n t i t a t i v e w i t h ferric sa l t s . 
T h e s t ab i l i t y of t h e complex an ion , W 2 C l 9 ' " , is s h o w n b y t h e i n t e r a c t i o n of t h e 
p o t a s s i u m sa l t w i t h copper , silver, a n d c a d m i u m sa l t s in t h e p resence of c o n e 
a q . a m m o n i a t o form a m m i n e s w i t h o u t t h e p r e c i p i t a t i o n of t u n g s t e n h y d r o x i d e . 
These c o m p o u n d s a re usua l ly spa r ing ly so luble in w a t e r ; t h e c o n e a q . soln . a r e 
g reen , a n d t h e y become yel low on d i lu t ion . T h e fol lowing sa l t s a r e p r e p a r e d b y 
doub l e decompos i t ion as j u s t i n d i c a t e d ; a n d t h e soln. a r e fa i r ly s t a b l e — m o r e so 
in t h e p resence of hydroch lo r i c ac id . T h e solubi l i t ies a re e x p r e s s e d in g r a m s of 
salt per 100 c.c. of soln. a t 20°. Potassium copper tungsten tetrammino­
enneachloride, KCu(NH 3) 4W 2Cl 9 .H 20, is a crystalline powder with a 
solubility of 1-85 grms. ; ammonium copper tungsten tetramminoenneachloride, 
N H 4 C u ( N H 3 J 4 W 2 C 1 9 . H 2 0 , is a green c rys ta l l ine p o w d e r w i t h a so lub i l i ty of 2-17 
g r m s . ; s i lver t u n g s t e n h e x a m m i n o e n n e a c h l o r i d e , [ A g ( N H 3 ) 2 ] 3 W 2 C l 9 , is u n s t a b l e 
t o w a r d s a i r a n d wa te r , losing a m m o n i a , a n d depos i t i ng s i lver ; p o t a s s i u m c a d m i u m 
tungsten tetramminoenneachloride, KCd(NH3)4W2Cl9 , has a solubility of 1-9 g rms . ; 
ammonium cadmium tungsten tetramminoenneachloride, NH4Cd(NHs)4W2Cl9 , 
h a s a so lub i l i ty of 2-17 g r m s . ; c h r o m i u m t u n g s t e n hftyRmminnftnnft^.hloyiflp, 
C r ( N H s ) 6 W 2 C l 9 . 2 H 2 O , forms d a r k green, microscopic , r e c t a n g u l a r p r i s m s ; a n d 
coba l t t u n g s t e n h e x a m m i n o e n n e a c h l o r i d e , C o ( N H 8 ) 6 W 2 C l 9 . 6 H 2 0 , is a b r i g h t g reen , 
m i c r o c r y s t a l l i n e p o w d e r of so lubi l i ty 0-96 g r m s . I n a d d i t i o n , s a l t s of p y r i d i n e , 
h e x a m e t h y l e n e t e t r a m i n e , t e t r a m e t h y l a m m o n i u m , t e t r a e t h y l a m m o n i u m , t r i -
e t h y l a m i n e , d i m e t h y l a m i n e , an i l ine , p h e n y l t r i m e t h y l a m m o n i u m , jp - to ly l t r ime thy l -
a m ^ n o n i u m , a n d t r i m e t h y l s u l p h i n e h a v e b e e n desc r ibed . 
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A. R i c h e 8 p r e p a r e d i m p u r e t u n g s t e n tetrachloride , WCl 4 , in v o l u m i n o u s ; 
g r e y i s h - b r o w n c rys t a l s , b y t h e p a r t i a l r e d u c t i o n of t h e h e x a c h l o r i d e , a r e a c t i o n 
s t u d i e d b y F . W o h l e r , a n d J . B . v o n B o r c k . A . Michael a n d A . M u r p h y o b t a i n e d 
t h e t e t r a c h l o r i d e b y h e a t i n g t u n g s t e n d iox ide for m a n y h o u r s a t 250° in a sea led 
t u b e w i t h c a r b o n t e t r a c h l o r i d e . Accord ing t o H . E . Roscoe , t h e t e t r a c h l o r i d e 
is fo rmed b y dis t i l l ing in a c u r r e n t of h y d r o g e n or c a r b o n d iox ide a m i x t u r e of 
t h e p e n t a c h l o r i d e a n d h e x a c h l o r i d e h e a t e d b y a su lphu r i c ac id b a t h ; t h e n o n ­
vola t i l e p o r t i o n is m i x e d w i t h t h e vo la t i l e p o r t i o n , a n d t h e d i s t i l l a t ion r e p e a t e d 
t o c o n v e r t a n y d ich lor ide t o t e t r a c h l o r i d e . T h e non-vo la t i l e p o r t i o n o b t a i n e d in 
t h e p r e p a r a t i o n of t h e p e n t a c h l o r i d e is m a i n l y t h e t e t r a c h l o r i d e . T h e flocculent, 
hygroscop ic , g r e y i s h - b r o w n , c rys ta l l ine m a s s n e i t h e r fuses n o r vola t i l izes w h e n 
s t r o n g l y h e a t e d , b u t a t a h i g h t e m p , i t d e c o m p o s e s i n t o t h e vo la t i l e p e n t a c h l o r i d e , 
a n d t h e non -vo l a t i l e d ich lo r ide . W . H a m p e also found i t t o be infusible . W . BiI tz 
a n d C. F e n d i u s g a v e 4-624 for t h e s p . g r . of t h e a n h y d r o u s ch lor ide , a n d 70-5 for 
t h e m o l . vo l . H . E . R o s c o e a d d e d t h a t h y d r o g e n a t t h e t e m p , of a z i n c - b a t h 
r e d u c e s t h e t e t r a c h l o r i d e t o m e t a l . T h e sa l t is h y d r o l y z e d b y w a t e r fo rming a 
b r o w n ox ide a n d a g r e e n i s h - b r o w n h y d r o c h l o r i c ac id soln . w h i c h depos i t s t h e b r o w n 
ox ide on s t a n d i n g s o m e t i m e . O. C. M. D a v i s f o u n d t h a t i t u n i t e s w i t h n i t r o g e n 
tetrasulphide to form tungsten nitrogen tetrachlorotetrasulphide, WC14.N4S4, 
i n b r o w n c r y s t a l s w h i c h r e a d i l y d e c o m p o s e . A . W . C r o n a n d e r r e p o r t e d t h e c o m p l e x 
WCl 4 -PCl 5 t o b e f o r m e d w h e n t u n g s t e n h e x a c h l o r i d e is h e a t e d w i t h p h o s p h o r u s 
p e n t a c h l o r i d e . T h e r e a p p e a r s t o b e s o m e t h i n g w r o n g w i t h t h i s s t a t e m e n t . 
Acco rd ing t o O. Olsson, w h e n t h e soln. o b t a i n e d b y g r a d u a l l y a d d i n g p o t a s s i u m 
t u n g s t a t e t o boi l ing h y d r o c h l o r i c ac id is r e d u c e d w i t h t i n a t t h e o r d i n a r y t e m p . , 
i t first b e c o m e s l i g h t b l u e in colour , t h e co lour t h e n g r a d u a l l y deepens , a n d finally 
s u d d e n l y c h a n g e s t o a n i n t e n s e r edd i sh -v io l e t co lour , s imi la r t o t h a t of 
p e r m a n g a n a t e . Th i s co lour pe r s i s t s for a l ong t i m e , a n d a smal l q u a n t i t y of a 
d a r k g r e e n p o w d e r depos i t s , cons i s t ing of q u a d r a t i c , t a b u l a r c rys t a l s of p o t a s s i u m 
t u n g s t e n hydroxypentach lor ide , K 2 W ( O H ) C l 5 . T h e y a re r e d in t r a n s m i t t e d l ight . 
T h e s a l t is s t a b l e w h e n d r y , b u t oxid izes r a p i d l y w h e n mo i s t . T h e a b s o r p t i o n 
s p e c t r u m of t h e h y d r o c h l o r i c ac id soln. is s imi la r t o t h a t of t h e t e r v a l e n t c o m ­
p o u n d s , t h e vis ible s p e c t r u m for a soln . of 1 g r m . in 150 c.c. of 4 p e r cen t , h y d r o ­
chlor ic ac id a n d a t h i c k n e s s of 1 c m . e x t e n d i n g f rom A—730 t o A = 6 1 0 . 

C. W . B l o m s t r a n d 4 s h o w e d t h a t t u n g s t e n pentachlor ide , WCl 6 , r e p o r t e d b y 
F . J . M a l a g u t i , w a s p r o b a b l y t h e o x y t e t r a c h l o r i d e ; a n d t h e p e n t a c h l o r i d e of 
J . B . v o n B o r c k , a n d V. F o r c h e r , a m i x t u r e of t h e h e x a c h l o r i d e a n d o x y t e t r a c h l o r i d e . 
C. W . B l o m s t r a n d p r e p a r e d t h e p e n t a c h l o r i d e b y h e a t i n g t h e hexach lo r ide for a 
long t i m e in h y d r o g e n , so a s t o a v o i d vo la t i l i za t ion ; t h e s u b s t a n c e g r a d u a l l y 
b e c o m e s less fusible, a n d shows n o inc l ina t ion t o c rys ta l l i ze on cool ing. If t h e 
t e m p e r a t u r e is t o o h igh , s o m e t u n g s t e n , or, a cco rd ing t o H . E . Roscoe , t u n g s t e n 
d ich lor ide m a y b e fo rmed . C. W . B l o m s t r a n d sa id t h a t a n a l coho l - l amp suffices 
for t h e h e a t i n g . T h e p r o d u c t is finally dis t i l led in a c u r r e n t of c a r b o n d iox ide ; 
t h e r e s idue is t h e t e t r a c h l o r i d e . C. W . B l o m s t r a n d a d d e d t h a t on ly t r a c e s of 
p e n t a c h l o r i d e a r e f o r m e d in t h e d i s t i l l a t ion of t h e h e x a c h l o r i d e i n h y d r o g e n , b u t , 
a cco rd ing t o H . E . R o s c o e , a r e d u c t i o n a l w a y s occurs . If t h e t e m p , b e k e p t b u t 
l i t t l e a b o v e t h e b . p . of t h e h e x a c h l o r i d e , t h e d a r k r e d co lour of t h e v a p o u r is seen 
t o v a n i s h , a n d a l i g h t ye l low-co loured v a p o u r m a k e s i t s a p p e a r a n c e , w h i c h soon 
condenses i n t o b l a c k d r o p s or long, sh in ing , b l a c k need les . Af ter t w o or t h r e e 
d i s t i l l a t ions i n h y d r o g e n a p u r e p r o d u c t is o b t a i n e d . C. W . B l o m s t r a n d found 
on ly t r a c e s a r e f o r m e d b y V. F o r c h e r ' s p rocess i n w h i c h a m i x t u r e of t u n g s t e n 
t r i ox ide a n d c a r b o n is h e a t e d first i n c a r b o n d iox ide a n d a f t e r w a r d s a t a r e d - h e a t 
in ch lo r ine . G. H . E h r e n f e l d o b t a i n e d t h e p e n t a c h l o r i d e a long w i t h t h e h e x a ­
ch lor ide a n d t u n g s t e n o x y t e t r a c h l o r i d e b y h e a t i n g a m i x t u r e of t u n g s t e n t r i o x i d e 
a n d p h o s p h o r u s p e n t a c h l o r i d e . F . d e Carl i h e a t e d f e r r o t u n g s t e n a t 400° t o 500° 
in ch lor ine gas . T h e c o m p o u n d w a s p r e p a r e d a n d a n a l y z e d b y C. W . B l o m s t r a n d , 
H . E . Roscoe , a n d C. GL d e L a v a l . R . F . B e r n h a r d i - G r i s s o n o b s e r v e d t h a t 
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q u i n q u e v a l e n t t u n g s t e n c a n be o b t a i n e d b y t h e e lec t ro ly t ic r e d u c t i o n of a so ln . 
of t u n g s t e n t r i ox ide in hyd roch lo r i c ac id a n d m i x e d w i t h a lcohol . O. Col lenberg 
a n d co-workers s t u d i e d t h e e lec t ro ly t i c r e d u c t i o n of hyd roch lo r i c ac id so ln . 
of t u n g s t e n t r i ox ide t o t h e q u i n q u e v a l e n t s t a t e—v ide supra, t u n g s t i c acid* 
T u n g s t e n p e n t a c h l o r i d e c rys ta l l i zes in long , b lack , sh in ing need les , b u t if c o n d e n s e d 
in fine p o w d e r i t s co lour is d a r k green , a n d t h e p o w d e r e d c ry s t a l s a r e a lso d a r k 
g reen l ike p o t a s s i u m m a n g a n a t e . W . Bi l t z a n d C. F e n d i u s found 3-875 for t h e 
sp . gr . a t 25°/4°, a n d 93*3 for t h e mol . vol . C. W . B l o m s t r a n d g a v e 244° for t h e 
m . p . , a n d H . E . Roscoe sa id t h a t i t m e l t s a t 248° a n d freezes t o a c rys ta l l ine m a s s 
a t 242° ; a n d i t boi ls a t 275-6°. I t is less r ead i ly vola t i l ized t h a n t h e h e x a c h l o r i d e , 
a n d , acco rd ing t o C. W . B l o m s t r a n d , i t y ie lds a greenish -yel low v a p o u r . 
H . E . Roscoe found t h e v a p o u r d e n s i t y a t 440° is 12-83 t o 12-89 ; a n d a t 350° , 
12-14 t o 12-43, in a g r e e m e n t w i t h t h e fo rmula W C l 5 . W . H a m p e sa id t h a t t h e 
m o l t e n p e n t a c h l o r i d e is a n o n - c o n d u c t o r of e lec t r ic i ty ; A. Vo ig t a n d W . B i l t z 
g a v e for t h e s p . c o n d u c t i v i t y 0 6 7 x 10~ 6 m h o a t 250° ; 1-35 X 10—« m h o a t 275° ; 
a n d 1 - 8 4 x 1 0 - 6 m h o a t 300°. H . E . Roscoe , a n d C. W . B l o m s t r a n d found t h a t t h e 
sa l t does n o t d e c r e p i t a t e l ike t h e hexach lo r ide w h e n h e a t e d ; i t is r e d u c e d w h e n 
h e a t e d in h y d r o g e n . I n oxygen , t h e p e n t a c h l o r i d e r a p i d l y fo rms b r o w n v a p o u r s 
of t h e o x y t e t r a c h l o r i d e ; i t del iquesces in m o i s t air , a n d is so hygroscop ic t h a t in 
a ir , t h e c rys t a l s i m m e d i a t e l y acqu i r e a d a r k ye l lowish-green film, a n d sma l l pa r t i c l e s 
a r e c o n v e r t e d i n t o d r o p s . W h e n t r e a t e d w i t h w a t e r , t h e r e is a h i ss ing noise , 
a n d t h e d e v e l o p m e n t of m u c h h e a t , a n d t h e f o r m a t i o n of a b lu i sh -b l ack ox ide , 
a n d a n ol ive-green soln. wh ich slowly depos i t s a greenish oxide in t h e cold, r a p i d l y 
w h e n h e a t e d . B . Ka l i s che r obse rved t h a t t h e p e n t a c h l o r i d e u n i t e s w i t h s u l p h u r 
monoch lo r ide , b r o w n needles a r e p r o d u c e d . Accord ing t o H . E . R o s c o e , a n d 
C. W . B l o m s t r a n d , boi l ing n i t r i c ac id forms t u n g s t e n t r i ox ide ; a q . a m m o n i a a d d e d 
t o t h e boi l ing aq . soln. g ives a p r e c i p i t a t e . A. W . C r o n a n d e r f o u n d t h a t t u n g s t e n 
a n d p h o s p h o r u s p e n t a c h l o r i d e s r e a c t t o form t u n g s t e n phosphoenneac l l lor ide , 
WCl 4 -PCl 6 —vide 8. 5O, 32 . Alkal i - lye a c t s m o r e v igorous ly t h a n w a t e r ; l ikewise 
hydroch lo r i c ac id . B . Ka l i s che r sa id t h a t c a r b o n d i su lph ide dissolves v e r y l i t t l e 
pen t ach lo r ide , b u t i t acqu i re s a d e e p b lue colour ; c a r b o n t e t r a c h l o r i d e fo rms 
a b r o w n soln. M o s t o rgan ic c o m p o u n d s a c t v igorous ly on t h e p e n t a c h l o r i d e — 
e.g. m e t h y l , e t hy l , p r o p y l , a n d a m y l a lcohols form yel low soln. w i t h a h i ss ing 
noise ; t h e h e a t of t h e r eac t ion m a y be so g r e a t t h a t v a p o u r is deve loped—e .g . w i t h 
c i n n a m i c a l d e h y d e ; a n d in some cases c rys t a l s m a y be formed—e .g . w i t h a lcohol , 
e the r , b e n z a l d e h y d e , a n d c i n n a m i c a l d e h y d e . P y r i d i n e a n d qu ino l ine d o n o t 
form crys ta l l ine c o m p o u n d s . F . W . B e r g s t r o m o b s e r v e d t h e p e n t a c h l o r i d e fo rms 
a r e d soln. of a n a m m o n i o b a s i c ha l ide w h e n i t is t r e a t e d w i t h l iqu id a m m o n i a . 
R . P . Be rna rd i -Gr i s son sa id t h a t all sa l t s of q u i n q u e v a l e n t t u n g s t e n r e a c t a c c o r d i n g 
t o Wv-f-Ag"—>W IV-f-Ag w h e n t r e a t e d w i t h a n a m m o n i a c a l soln. of a s i lver s a l t . 
A . F i s che r a n d co-workers o b t a i n e d a c o m p l e x , WCl2(OC 2 H 5 )3 , w i t h q u i n q u e v a l e n t 
t u n g s t e n b y t h e e lec t ro ly t ic r e d u c t i o n of a n alcohol ic soln. of t u n g s t e n h e x a c h l o r i d e . 

A . R i c h e r F . Wohle r , H . Rose , C. W . B l o m s t r a n d , C. G. d e L a v a l , a n d 
H . E . Roscoe p r e p a r e d t u n g s t e n hexachlor ide , W C l 6 , b y t h e a c t i o n of ch lor ine 
o n h e a t e d t u n g s t e n - T h e first ac t ion of o r d i n a r y d r y chlor ine is t o fo rm a ye l low 
a n d t h e n a r e d oxych lo r ide , a n d a f t e r w a r d s t h e hexach lo r ide . T h e r e d o x y c h l o r i d e 
c a n n o t b e s e p a r a t e d b y d is t i l l a t ion f rom t h e hexach lo r i de owing t o t h e s l igh t 
differences in t h e i r b . p . Metal l ic t u n g s t e n t a k e s fire w h e n m o d e r a t e l y h e a t e d 
in ch lor ine . T o p r e p a r e t h e hexach lo r ide , t h e m e t a l i s first h e a t e d in a c u r r e n t of 
d r y h y d r o g e n i n a t u b e , so a s t o r e m o v e comple t e ly e v e r y t r a c e of a i r a n d m o i s t u r e . 
T h e h y d r o g e n is t h e n r ep l aced b y d r y ch lor ine free f rom ai r . T h e m e t a l is t h e n 
h e a t e d t o du l l r e d n e s s — E . F . S m i t h a n d F . F . E x n e r r e c o m m e n d e d a t e m p , of 
350° . A g r a n u l a r s u b l i m a t e of d a r k v io le t c ry s t a l s of t h e hexach lo r ide is fo rmed . 
W h e n t h e h e x a c h l o r i d e is p r e p a r e d in q u a n t i t y , t h e hexach lo r ide col lects a s a 
r edd i sh -b l ack l iqu id . F o r pur i f ica t ion, t h i s l iqu id is d is t i l led severa l t i m e s in 
a n excess of ch lor ine , a n d finally rectif ied in a s t r e a m of h y d r o g e n . F . d e Car l i 



T U N G S T E N 8 4 5 

passed chlorine over ferrotungsten a t 400° t o 500°, and ex trac ted the chloride 
with carbon disulphide. After filtration and evaporat ion of the solvent , the 
residual chloride is purified b y subl imation. E . F . Smi th and F . F leck obtained 
the hexachloride b y heat ing the meta l in the vapour of sulphur monochloride and 
an excess of chlor ine—without the chlorine, the hexachloride is n o t formed ; 
E . Defacqz heated tungs ten disulphide in dry chlorine at a dull red-heat, and purified 
the product b y subl imat ion ; and A. Michael and A. Murphy heated a soln. of 
chlorine in carbon tetrachloride and tungs ten trioxide in a sealed t u b e — t h o 
oxytetrachloride is produced at 240°, and the hexachloride at 280°—carbon tetra­
chloride alone converts the tr ioxide into the hexachloride at 280°. According 
to N . Teclu, when a mixture of a mol of tungs ten trioxide and 3 mols of phosphorus 
pentachloride is heated in a sealed tube up t o 170° t o 200°, and the phosphoryl 
chloride removed b y disti l lation, and finally b y heat ing to 120° in a current of 
carbon dioxide, tungs ten hexachloride of a high degree of purity is formed. 
C. H . Ehrenfeld observed t h a t w h e n tungs ten trioxide is heated wi th an eq. weight 
of phosphorus pentachloride in an a t m . of carbon dioxide, phosphoryl chloride 
is evo lved , and a mixture of tungs ten pentachloride and hexachloride is formed. 
The product is red-brown, mel t s to a dark red liquid, a n d gives off reddish-brown 
vapours resembling bromine ; these condense t o steel-blue isomeric forms of the 
hexachloride m i x e d w i th reddish-brown needles of the pentachloride. The intens i ty 
of the hea t applied, and the durat ion of the act ion determine the quant i ty of the 
brown material produced. The hexachloride of course is converted into penta­
chloride b y ignit ion in carbon dioxide or hydrogen. The bright red product is 
the oxytetrachloride. Ni trogen can be used instead of carbon dioxide but the 
results are n o t so good. According t o H . SchifE, if a soln. of phosphorus 
pentachloride in carbon disulphide be heated wi th an equimolar proportion of 
tungs ten tr ioxide for m a n y d a y s at 80° to 90° in a sealed tube, and the so lvent 
removed b y heat ing the product in a current of carbon dioxide, a mixture of tungsten 
oxychlorides , hexachloride, and lower chlorides is formed. H. SchifE also observed 
t h a t w h e n equimolar proportions of tungs ten oxytetrachloride and phosphorus 
pentachloride are heated to 170° in a sealed tube, tungs ten hexachloride is formed. 

The salt was analyzed b y A. Riche , C. W . Blomstrand, N . Teclu, V. Forcher, 
H . E . Roscoe , C. G. de !Laval, A . Michael and A. Murphy, etc . The results agree 
wi th the formula WCl 6 . N . V. Sidgwick discussed the co-valency of tungs ten 
in the hexachloride. H . E . !Roscoe said t h a t the dark v io let crystals of the subl imate 
decrepitate on cooling and the mass falls to a crystall ine powder. H . E . Roscoe 
found t h a t on several occasions sealed tubes exploded w h e n opening t h e m wi th a 
file owing t o sudden decrepitat ion. V. Forcher described the crystals as dark 
v io le t needles or scales ; and C. W- Blomstrand said t h a t the colour in the molten 
s ta te is brownish-black, wi th no t inge of red. The mol ten salt solidifies to a mass 
of scaly crystals . The soln. in carbon disulphide furnishes hexagonal plates. 
C. H. Ehrenfeld said t h a t the crystals are steel-blue and cubic. F . Wohler said 
t h a t the vapour is the colour of nitrogen trioxide ; C. W. Blomstrand said reddish-
yel low ; V. Forcher, dark red ; a n d H . E . Roscoe , reddish-brown. E . F . Smith 
and F . F . E x n e r gave* 3-518 for the sp. gr. ; W . Bi l tz a n d C. Fendius gave 3-520 
at 25°/4° , and for the mol . vol . , 112*7. H . E . Roscoe found the vapour density at 
44:00 t o be 18-67, and a t 350°, 13-16 in agreement wi th the formula WCl6 . and 
wi th the assumpt ion t h a t wi th higher t emp, the molecules dissociate, rather than 
to assume wi th J . Persoz t h a t the salt has the formula WCl 5 . H . Debray, and 
R. Rie th also observed the anomalous vapour dens i ty at the higher t emp. 
A. Riche , C. W. Blomstrand, and V. Forcher found t h a t the salt softens when heated 
to 170° t o 1 8 3 ° — N . Teclu said 189°—presumably owing t o impuri t ies—say o x y -
chloride—because H . E . Roscoe found t h a t t h e salt melts t o a black liquid a t 275°, 
and freezes a t 270° owing t o surfusion. H . Debray gave 300° for the b.p. , and 
H . E . Roscoe , 346-7° a t 759-5 m m . H. G. Grimm, and G. v o n H e v e s y discussed 
the m.p . a n d electrical conduct iv i ty , W . H a m p e found t h a t the molten hexa-
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chloride is a non-conductor of electricity ; A. Voigt and W. Biltz gave for the sp. 
conductivity 1-98x10""« mho at 280° ; 2 - 8 5 x 1 0 - 0 mho at 305° ; and 6-94 X 1 0 - ° 
at 330° ; and W. Biltz gave 0-0000020 for the temp, coeff. of the conductivity. 
O. Collenberg and A. Guthe found that the reduction potential of sexivalent to 
quinquevalent tungsten for soln. with 0-143 gram-atom of tungsten per litre in 
22VVH2SO4 at 18° is 0-395 volt . S. Berkman and H. Zocher gave —0-14 X 1 0 ~ 6 

mass unit for the magnetic susceptibility. 
The reducing action of hydrogen—vide supra, tungsten tetrachloride and 

pentachloride—was observed by A. Riche, H. E. Roscoe, W. Spring, and F. Wohler. 
V. Forcher, and H. Debray said that the salt changes slowly in moist air, but 
H. E . Roscoe added that the purified hexachloride does not undergo any change 
even in moist air, but if the smallest trace of oxychloride is present, i t at once 
absorbs moisture evolving fumes of hydrogen chloride, and changing its colour 
from violet to brown. V. Forcher found that, when the hexachloride is heated 
in air, i t forms tungsten oxytetrachloride. N. Teclu, and C. W. Blomstrand said 
that the hexachloride is very slowly attacked by cold water, but H. E . Roscoe 
added that if the salt is impure, it is .at once decomposed by cold water forming a 
greenish hydra ted oxide. Water begins to attack the purified hexachloride at 
about 60° ; boiling water decomposes it rapidly. The tungstic acid which is 
formed retains chlorine very tenaciously. According to C. W. Blomstrand, 
alkali-lye acts on the hexachloride slowly in the cold, and when heated the action 
is very vigorous, the salt swells up and the liquid becomes blue, and after a short 
time, colourless. Brown flecks separate out. If lower chlorides are present, 
added H: Debray, some hydrogen may be developed by the action of the alkali-lye. 
W. Biltz and E . Meinecke said that the hexachloride is very sparingly soluble 
in liquid chlorine. C. W. Blomstrand observed that hydrochloric acid produces 
no change at first, and when heated, the liquid remains colourless, but after a short 
time tungstic acid is formed ; E. Defacqz found that hydrogen bromide a t about 
300° forms tungsten pentabromide ; when heated with liquid hydrogen bromide 
in a sealed tube, a chlorobromide is formed whose composition depends on the temp. ; 
hydrogen iodide forms tungsten diiodide ; liquid hydrogen iodide heated in a 
sealed tube, forms tungsten tetraiodide ; hydrogen sulphide forms tungsten 
disulphide ; and liquid hydrogen sulphide, in a sealed tube, forms a chlorosulphide. 
S. Rideal found that ammonia acts rapidly on the hexachloride forming tungsten 
hemitrinitride ; and O. C. M. Davis found that a soln. of the hexachloride soln. 
forms WCl4 .N4S4 , as indicated above. N . Teclu said that the salt is soluble in 
phosphoryl chloride. A. W. Cronander studied the action of phosphorus penta­
chloride—vide supra, tungsten tetrachloride. E . Defacqz found that phosphine 
forms tungsten diphosphide ; and arsine, tungsten diarsenide—liquid arsine in 
a sealed tube forms a chloroarsenide. A. Fischer and A. Roderburg found that 
at 18°, a red soln. of 0-2364 grm. of the hexachloride in 20 c.c. of arsenic trichloride 
with a sp. conductivity of 6 - 2 x l 0 ~ 6 mho has a conductivity of 1-3 XlO""6 mho. 
J. N. Pring and W. Fielding observed that tungsten hexachloride is reduced by 
carbon at 1000°-1500°. H. E. Roscoe found that the ^exachloride dissolves 
in carbon disulphide forming a reddish-brown soln. ; O. C. M. Davis found that it 
is soluble in chloroform. A. Riche said that alcohol acts vigorously without forming 
a tungstic ether ; and B. rvalischer found that the hexachloride dissolves in alcohol. 
The soln. is yellow, but no addition product is formed. A. Fischer and A. Roderburg 
found that the yellow soln. of 0-1937 grm. of the hexachloride in 20 c.c. of methyl 
alcohol of sp. conductivity 1-8x10—6 mho at 18° has a conductivity of 5-23 X 10~*3 

mho ; and the yellow soln. of 0-4428 grm. of hexachloride in 20 c.c. of 99-8 per cent, 
ethyl alcohol of sp. conductivity 2 x 10~o mho at 18°, has a conductivity of 3-46 X 1 0 ~ 3 

mho at 18°. The eq. conductivity, A, of an eq. of the salt in v litres of alcohol 
of sp. conductivity 1-56 X 1 0 ~ 6 mho at 2°, is : 

v . 1-3O 2-82 5-82 9*84 123 417 925 
A . 7 0 8-7 10-4 H 6 16-7 20*9 24-6 mho . 
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The e . m i . of the cell W | WCl6(alcohol) | LiCl(sat. soln. in alcohol) J Hg 2 Cl 2 | H g 
for one-sixth of a raol of the hexachloride in v l itres is : 

v . 1-3O 2-82 5-82 9*84 123 417 925 
E .m. f . 0-504 0-492 0-474 0-465 0-399 0-362 0-349 v o l t . 

The electrolysis of an alcoholic soln. of the hexachloride colours the l iquid green 
as the tungs ten is reduced to the quinquevalent form, and the complex WCl2(OC2H5J3 
separates out . I n opposit ion to the pa tent of the Wolframlampen A.G., no ev idence 
of the separation of tungs ten was observed wi th soln. in m e t h y l alcohol, e thy l 
alcohol, acetone or pyridine, a l though w i t h glycerol soln. a l itt le tungs ten was 
deposited. F . W . Bergstrom observed t h a t the hexachloride forms a red soln. 
wi th l iquid ammonia . A. !Rosenheim observed t h a t a compound wi th oxalic 
acid is formed in chloroform soln. B . Kalischer observed the formation of no 
addit ion products wi th aldehydes , ketones , or esters, a l though salicylic ether 
forms WCl 4 (OC 6 H 4 .COOC 2 H 5 ) 2 ; salicylic acid formed a similar compound. N o 
complex salts were formed wi th organic chlorides in alcoholic soln. The soln. 
of the hexachloride in ether is ye l low ; in benzene, brown ; and in chloroform, 
carbon disulphide, carbon tetrachloride, and ligroin, brown or reddish-brown. 
The soln. gradually change owing to the reduction of the hexachloride. The change 
is rapid if water be present . 

A . F i s c h e r a n d A . R o d e r b i x r g f o u n d t h a t w i t l i a so ln . of t h e b r a c k e t e d n u m b e r of g r a m s 
of t h e h e x a c h l o r i d e i n 20 c .c . of s o l v e n t , a t 18°, t h e co lou r is r e d -with ch lo ro fo rm (0*203) a n d 
t h e s p . c o n d u c t i v i t y is 8-6 x 1 O - 6 m h o w h e n t h a t of t h e p u r e s o l v e n t is zero ; is v io le t w i t h 
c a r b o n d i s u l p h i d e (0-2316) a n d t h e s p . c o n d u c t i v i t y of s o l v e n t a n d so ln . i s ze ro ; r e d "with 
c a r b o n t e t r a c h l o r i d e (0*1899), c o n d u c t i v i t y of s o l v e n t a n d so ln . zero ; d a r k b l u e w i t h b e n z e n e 
(O-1622), s p . c o n d u c t i v i t y of s o l v e n t a n d so ln . z e r o ; r e d w i t h a c e t y l e n e t e t r a c h l o r i d e 
(0-1262), s p . c o n d u c t i v i t y of s o l v e n t ze ro , of so ln . , 9 X 1 0 ~ 6 m h o ; d a r k b l u e w i t h ch loro-
b e n z e n e (0-2201), s p . c o n d u c t i v i t y of s o l v e n t a n d so ln . zero ; r e d w i t h e t h y l e t h e r (O-2309), 
s p . c o n d u c t i v i t y of s o l v e n t ze ro , of so ln . , 1-5x10— 7 m h o ; r e d w i t h l ig ro in (0*1434), s p . 
c o n d u c t i v i t y of s o l v e n t a n d so ln . ze ro ; r od w i t h p y r i d i n e (0*1587), s p . c o n d u c t i v i t y of so ln . 
1-4 x IO—7 m h o , a n d of so ln . 5*8 x 1 O - 4 m h o ; b r o w n i s h - y e l l o w w i t h g lycero l (1*2557), 
s p . c o n d u c t i v i t y of s o l v e n t ze ro , a n d of so ln . a t 100°, 1*47 x 1 O - 2 m h o ; a n d yellow- w i t h 
d r i e d a c e t o n e (1*3443), s p . c o n d u c t i v i t y of s o l v e n t 2*4 x 10—e m h o , a n d of so ln . 2 x 10—3 m h o . 
W . B r y d o w n a f o u n d t h a t t u n g s t e n h e x a c h l o r i d e r e a c t s w i t h a so ln . of p h e n y l - m a g n e s i u m 
iod ide i n e t h e r p r o d u c i n g d i p h e n y l . 

A. Kiche observed t h a t sod ium reduces the vapour of the hexachloride 
t o tungsten ; and K. Seubert and A. Schmidt t h a t magnes ium at a red-heat reduces 
the hexachloride to metal . C. W . "Blomstrand found t h a t the hexachloride is 
reduced to a lower chloride b y copper, silver, and m o l y b d e n u m , but not b y tungsten. 
II . D e b r a y observed t h a t when the hexachloride is heated wi th tungsten trioxide, 
the oxytetrachloride is formed. 
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§ 20. The Tungsten Oxychlorides 
O. Olsson1 prepared potassium tungsten hydroxylpentachloride, K2W(OH)Cl6 , 

as indicated in connection with tungsten tetrachloride. B. Kalischer's a t tempts 
to prepare tungsten oxytrichloride, WOCl3, with quinquevalent tungsten were 
not successful, bu t O. O. Collenberg obtained complex salts of this oxychloride. 
A soln, of an alkali tungstate in a cone. soln. of oxalic acid containing a slight 
excess of alkali oxalate was reduced with tin. The course of the reduction can 
be followed by the colour change, through dark blue, green, and yellow to deep 
red. After removal of t in and excess of oxalic acid, the complex oxalate is pre­
cipitated by means of alcohol, and can be purified by dissolving in hot water 
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a n d sa l t ing o u t t h e s o d i u m s a l t w i t h s o d i u m b r o m i d e , a n d t h e p o t a s s i u m sa l t w i t h 
p o t a s s i u m iod ide . T h e c o m p o u n d s m u s t b e d r i e d i n a c u r r e n t of c a r b o n d i o x i d e , 
b u t a r e fa i r lv s t a b l e in a i r w h e n d r y . T h e s o d i u m s a l t has* t h e c o m p o s i t i o n 
3 N a 2 0 . 2 W 2 0 5 . 4 C 2 0 3 . 1 2 H 2 0 , a n d t h e p o t a s s i u m sa l t 3 K 2 0 . 2 W 2 0 6 . 4 C 2 0 3 . 9 H 2 0 . 
T h e y a r e red , c rys t a l l ine p o w d e r s w h i c h s lowly oxid ize in a i r , a n d a t 100° lose 
t he i r w a t e r , b u t d o n o t d e c o m p o s e . T h e y a r e v e r y so luble i n w a t e r , inso lub le 
i n o rgan ic so lven t s . These c o m p l e x o x a l a t e s a r e s u p p o s e d t o b e d e r i v e d f rom a 
h y p o t h e t i c a l t u n g s t o u s ac id , W O 2 . O H . T h e o x a l o t u n g s t i t e s d issolve in con­
c e n t r a t e d h y d r o c h l o r i c ac id , f o rming a d e e p b lue soln. , w h i c h c o n t a i n s a n oxychloride 
of q u i n q u e v a l e n t t u n g s t e n , p r o b a b l y W O C l 3 . !From t h i s soln. , c o m p l e x ch lor ides 
c a n b e i so la ted c o n t a i n i n g W O O l 3 i n c o m b i n a t i o n w i t h ch lor ides of t h e a lka l i 
m e t a l s o r a m m o n i u m or h y d r o c h l o r i d e s of o rgan ic bases . T h e a m m o n i u m a n d 
p o t a s s i u m sa l t s a r e p r e c i p i t a t e d b y s a t u r a t i n g a h y d r o c h l o r i c ac id soln. of t h e 
c o r r e s p o n d i n g o x a l o t u n g s t i t e w i t h h y d r o g e n ch lor ide . T h e r u b i d i u m , caesium, 
ani l ine , t e t r a e t h y l - a n d t e t r a p r o p y l - a m m o n i u m c o m p o u n d s a re p r e c i p i t a t e d 
w h e n t h e c o r r e s p o n d i n g ch lo r ide is a d d e d t o a h y d r o c h l o r i c ac id soln . of a n oxa lo ­
t u n g s t i t e , a n d t h e p y r i d i n e a n d qu ino l ine c o m p o u n d s a r e p r e p a r e d b y double; 
d e c o m p o s i t i o n of t h e i r h y d r o c h l o r i d e s w i t h a m m o n i u m c h l o r o t u n g s t i t e . T h e r e 
a re t w o m a i n t y p e s of sa l t , t h o s e d e r i v e d f rom 2 R C l . W O C l 3 , O r H 2 W O C l 5 , a n d t hose 
de r i ved f rom HCl .WOCl 3 , o r TlWOCl 4 . T h e c o - o r d i n a t i o n formulae a r e r espec t ive ly 
R 2 [ W O C l 5 ] , a n d R [ W O C l 4 ( H 2 O ) ] . T h e R C L W O C l 3 c o m p o u n d s c a n be r e g a r d e d 
a s d e r i v a t i v e s of m e t a t u n g s t o u s ac id , W O 2 . O H , a n d t h e 2 R C L W O C l 3 c o m p o u n d s 
as d e r i v a t i v e s of o r t h o t u n g s t o u s ac id , W ( O H ) 5 , in w h i c h one o x y g e n is r ep l aced 
b y t w o ch lor ine a t o m s , a n d t h r e e h y d r o x y ! g r o u p s b y t h r e e ch lor ine a t o m s , t h u s : 

C l ^ W ^ * 1 ° l 3 W \ O H 
IRCLWOCl 3 2 I t C L W O C I 3 

A g reen c rys t a l l i ne p o w d e r of a m m o n i u m oxypentach lorotungs t i t e , (NH 4 ) 2 WOCl B ) 
is h y d r o l y z e d b y w a t e r ; 20 c.c. of h y d r o c h l o r i c ac id dissolve a g r a m of t h e s a l t ; 
a n d i t is so lub le i n a b s o l u t e m e t h y l o r e t h y l a lcohol . S imi la r ly w i t h p o t a s s i u m 
Oxypentachlorotungst i te , K 2 W O C l 5 . 2 H 2 O , a s a r e d d i s h - b r o w n or ye l lowish-b rown 
p o w d e r ; rub id ium oxypentach loro tungs t i t e , R b 2 W O C l 6 ; a n d w i t h caes ium 
oxypentach loro tungs t i t e , C s 2 W O C l 5 . T h e s a l t w i t h an i l ine w a s also p r e p a r e d . 
S a l t s of t h e t y p e R C L W O C l 3 , we re p r e p a r e d w i t h p y r i d i n e , qu ino l ine , t e t r a -
e t h y l a m m o n i u m , a n d t e t r a p r o p y l a m m o n i u m . These sa l t s a r e s t ab l e in d r y a i r 
a t t h e o r d i n a r y t e m p . , b u t d e c o m p o s e w i t h o x i d a t i o n t o t u n g s t a t e s a t 60° t o 70°. 
T h e y a r e i m m e d i a t e l y h y d r o l y z e d b y w a t e r w i t h t h e f o r m a t i o n of a b r o w n h y d r o x i d e . 
T h e less so luble caesium c o m p o u n d is, howeve r , far m o r e s t ab l e t h a n t h e r ead i ly 
soluble a m m o n i u m a n d p o t a s s i u m c o m p o u n d s . T h e sa l t s d issolve r ead i ly in 
a b s o l u t e m e t h y l a n d e t h y l a lcohols , w i t h t h e e x c e p t i o n of t h e r u b i d i u m a n d caesium 
c o m p o u n d s , b u t n o t in o t h e r o rgan ic so lven t s . Cone, hyd roch lo r i c ac id a n d 35 
p e r c e n t , s u l p h u r i c ac id a lso dissolve t h e m , b u t a lka l ies a n d a q . a m m o n i a d e c o m p o s e 
t h e m . Oxid iz ing a g e n t s c o n v e r t t h e m i n t o t u n g s t a t e s , a n d p e r m a n g a n a t e a n d 
iodine h a v e b e e n e m p l o y e d for q u a n t i t a t i v e d e t e r m i n a t i o n s of t h e q u i n q u e v a l e n t 
t u n g s t e n . T h e c h l o r o t u n g s t i t e s r e a c t v igorous ly w i t h a cone . soln. of p o t a s s i u m 
c y a n i d e w i t h e v o l u t i o n of h y d r o g e n c y a n i d e . A r e d d i s h - b r o w n soln. is fo rmed 
c o n t a i n i n g c y a n i d e s of t h e t y p e M 4 W ( C N ) 8 . A t h i o c y a n i c ac id c o m p o u n d h a s 
also b e e n i so la t ed i n t h e f o r m of a p y r i d i n e sa l t . P . R a y a n d co-workers found 
t h e m a g n e t i c suscep t ib i l i t y of K 2 W ( O H ) C l 5 t o b e 4 - O x I O - 6 m a s s u n i t a t 31°. 

F - W o h l e r 2 d i scovered t u n g s t e n OXytetrachloride, AVOCl4, wh ich h e o b t a i n e d 
b y h e a t i n g t h e su lph ide in ch lor ine . J . B . v o n B o r c k , JP. J . Ma lagu t i , a n d C. G. d e 
!Laval u s e d a s imi lar p rocess . C. W . B l o m s t r a n d , a n d V. ITorcher sa id t h a t t h e 
<e su lph ide " w a s p r o b a b l y t h e o x y s u l p h i d e , or a i r a n d m o i s t u r e were n o t exc luded 
from t h e s y s t e m . A s imi la r r e m a r k app l ies t o t h e f o r m a t i o n of t h e o x y t e t r a c h l o r i d e 
obse rved b y J . B . v o n B o r c k , C W . B l o m s t r a n d , a n d H . E . Roscoe w h e n ch lo r ine 

vol , , x i . 3 I 
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con t a in ing a i r a n d mo i s tu r e is pa s sed ove r h e a t e d t u n g s t e n , or , acco rd ing t o 
A. Vosmaer , f e r ro tungs ten . This sub jec t w a s also s t u d i e d b y J . P e r s o z , R . W e b e r , 
N . Tec lu , H . Schiff, C. G e r h a r d t a n d L . Chiozza, a n d A. K r e m e r . H . D e b r a y , 
C. W . B l o m s t r a n d , C G. de L a v a l , a n d H . E . Roscoe cons ide red t h a t t h e o x y t e t r a -
ch lor ide is bes t o b t a i n e d b y pass ing t h e v a p o u r of t u n g s t e n hexach lo r ide o v e r 
h e a t e d t u n g s t e n t r iox ide or d ioxyd ich lo r ide . O. Ruff a n d co -worke r s r e c o m m e n d e d 
t h e following process : 

A h a r d glass t u b e 50 c m s . l ong w a s p a c k e d w i t h t u n g s t e n h e x a c h l o r i d e i n t h e first t h i r d 
of i t s l e n g t h , a n d w i t h t u n g s t e n d i o x y d i c h l o r i d e i n t h e m i d d l e t h i r d , wh i l e t h e l a s t t h i r d 
w a s left for t h e r ecep t i on of t h e o x y t e t r a c h l o r i d e . T h e m i d d l e p a r t of t h e t u b e , w r a p p e d 
in a sbes tos , w a s h e a t e d t o a b o u t 230° , wh i l e a c u r r e n t of wel l -dr ied c a r b o n d i o x i d e i s p a s s e d 
t h r o u g h t h e t u b e . W h e n all t h e a i r h a s b e e n d i sp laced , t h e p a r t c o n t a i n i n g t h e h e x a c h l o r i d e 
is h e a t e d d i rec t ly b y t h e flame so t h a t t h e h e x a c h l o r i d e s lowly bo i l s . T h e c u r r e n t of c a r b o n 
d iox ide carr ies t h e v a p o u r ove r t h e d i o x y d i c h l o r i d e , a n d r e d d i s h need le s of t h e o x y t e t r a -
ch lor ide sub l ime i n t o t h e cooler p a r t of t h e t u b e . T h e p r o d u c t is r e s u b l i m e d i n a c u r r e n t 
of c a r b o n d iox ide t o r e m o v e t r a c e s of h e x a c h l o r i d e a n d d i o x y d i c h l o r i d e . 

A. B o n n e t , a n d A. R i c h e o b t a i n e d t h e s a l t b y h e a t i n g a m i x t u r e of t u n g s t e n 
t r iox ide a n d ca rbon in a c u r r e n t of d r y c a r b o n d iox ide u n t i l al l t h e a i r a n d m o i s t u r e 
is expelled, a n d t h e n in a c u r r e n t of d r y ch lor ine . I t is purif ied b y d is t i l l a t ion in a 
c u r r e n t of ca rbon d ioxide . R . D . H a l l , a n d E . F . S m i t h a n d F . F l e c k p r e p a r e d t h e 
oxy te t r ach lo r ide b y pass ing s u l p h u r monoch lo r ide v a p o u r ove r t u n g s t e n t r i o x i d e , 
or wolframite , or scheeli te a t 145°, a n d pur i fy ing t h e p r o d u c t b y d i s t i l l a t ion b e t w e e n 
215° a n d 225°. F . Bour ion , a n d C. M a t i g n o n a n d F . B o u r i o n p a s s e d t h e v a p o u r of 
su lphur monochlor ide a lone or m i x e d w i t h h y d r o g e n chlor ide over t u n g s t e n t r i o x i d e 
a t 230° t o 250° a n d cooled t h e p r o d u c t i n a c u r r e n t of h y d r o g e n chlor ide . W h e n 
t h e v a p o u r of su lphu r monoch lo r ide is p a s s e d over wol f rami te or scheel i te h e a t e d t o 
a b o u t 150°, p r i s m a t i c scar le t c rys t a l s a r e o b t a i n e d w h e n t h e r e d soln. cools. S imi la r 
c rys ta l s a re o b t a i n e d b y t h e a c t i o n of t h e s a m e s u b s t a n c e o n t u n g s t e n t r i o x i d e . 
The t h i r d oxygen a t o m of t u n g s t e n t r i ox ide is n o t r e m o v e d b y h e a t i n g w i t h s u l p h u r 
monochlor ide . T h e p r o d u c t is i m m e d i a t e l y d e c o m p o s e d o n e x p o s u r e t o air , i t g ives 
oif hyd rogen chlor ide a n d leaves t u n g s t e n t r i o x i d e . Th i s s a l t is r ead i ly so luble in 
c a r b o n d i su lph ide or s u l p h u r monoch lo r ide , b u t s p a r i n g l y soluble in b e n z e n e . 
Su lphu r monochlor ide does n o t a t t a c k t u n g s t e n itself. C. W . W a t t s a n d C A . !Bell, 
and H . E . Q u a n t i n h e a t e d t u n g s t e n t r i ox ide in t h e v a p o u r of c a r b o n t e t r a c h l o r i d e 
a n d ob t a ined a m i x t u r e of t h e d ioxyd ich lo r ide a n d o x y t e t r a c h l o r i d e ; P . C a m b o u -
lives r e c o m m e n d e d for t h e o x y t e t r a c h l o r i d e a t e m p , of 560°, a n d A. Michael a n d 
A. M u r p h y a d d e d t h a t one of t h e b e s t m e t h o d s of p r e p a r i n g t h e o x y t e t r a c h l o r i d e is 
t o h e a t t u n g s t e n t r iox ide w i t h a soln. of ch lor ine in c a r b o n t e t r a c h l o r i d e in a sealed 
t u b e a t 240°. C. W . W a t t s a n d C. A. Bel l sa id t h a t a m i x t u r e of ch lor ine a n d c a r b o n 
monox ide , or d ioxide , can b e s u b s t i t u t e d for c a r b o n t e t r a c h l o r i d e ; a n d E . F . S m i t h 
a n d V. Oberhol tzer , a n d K . L i n d n e r r e c o m m e n d e d pass ing t h e v a p o u r of c a r b o n y l . 
chlor ide over r e d - h o t t u n g s t e n . H . Schiff o b s e r v e d t h a t t h e o x y t e t r a c h l o r i d e is 
fo rmed b y h e a t i n g a mol of t u n g s t e n t r i ox ide w i t h one or t w o mol s of p h o s p h o r u s 
pen tach lo r ide , a n d sub l ima t ion of t h e p r o d u c t in a c u r r e n t of c a r b o n d iox ide t o 
s e p a r a t e t h e m o r e vola t i le o x y t e t r a c h l o r i d e f rom t h e less vo la t i l e d ioxyd ich lo r ide . 
E . H . Ehrenfe ld o b t a i n e d a m i x t u r e of chlor ides a n d oxych lo r ides b y t h e a c t i o n of 
p h o s p h o r u s pen t ach lo r ide on t u n g s t e n t r iox ide . G. R a u t e r h e a t e d t h e t r i o x i d e i n 
t h e p resence of silicon t e t r ach lo r ide , a l t h o u g h E . H . E h r e n f e l d sa id t h a t si l icon 
t e t r a c h l o r i d e does n o t a c t on t u n g s t e n t r i ox ide . H . R o s e , C. W . B l o m s t r a n d , a n d 
V. F o r c h e r p r e p a r e d t h e oxy t e t r ach lo r i de b y h e a t i n g t h e d ioxyd ich lo r ide i n 
h y d r o g e n ; C. W . B l o m s t r a n d h e a t e d t u n g s t e n p e n t a c h l o r i d e i n oxygen , a n d 
C G. d e !Laval, t h e hexach lo r ide in oxygen ; a n d H . D e b r a y dis t i l led t u n g s t e n h e x a ­
ch lor ide w i t h oxal ic ac id—some d ioxydichlor ide is s i m u l t a n e o u s l y fo rmed . 

Ana lyse s in a g r e e m e n t w i t h W O C l 4 were r e p o r t e d b y A . R i c h e , H . Schiff, 
C. W . B l o m s t r a n d , C. G. d e L a v a l , A . B o n n e t , V . F o r c h e r , H . E . R o s c o e , e t c . 
F . J . M a l a g u t i r e p r e s e n t e d i t b y t h e formula W 2 Cl 5 , a n d J . B . v o n B o r c k , b y W C l 4 . 
V a r i o u s obse rve r s descr ibed t h e oxy t e t r ach lo r i de as fo rming red , or sca r l e t - red , 
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p r i s m a t i c needles , wh ich , accord ing t o H . D e b r a y , h a v e a v a p o u r d e n s i t y of 10*58, 
a n d , accord ing t o H . E . Roscoe , 11-92, which is a p p r o x i m a t e l y n o r m a l . T h e v a p o u r is 
pa l e r e d ; F . W o h l e r s a id t h a t i t h a s t h e colour of n i t r o g e n t r i o x i d e . T h e o x y t e t r a -
chlor ide w a s found b y A. R i c h e t o m e l t a t 199°, a n d solidify a t 197-5° ; C. W . B l o m -
s t r a n d g a v e 208° t o 210° for t h e m . p . , C. W . B l o m s t r a n d , 204° ; a n d H . E . Roscoe , 
210-4°—and 206-7° for t h e f .p . A . R i c h e , a n d C. W . B l o m s t r a n d f o u n d t h a t i t can 
b e vo la t i l i zed w i t h o u t me l t i ng , a n d H . E . Roscoe g a v e 227-5° for t h e b . p . 
W . H a m p e obse rved t h a t n e i t h e r t h e m o l t e n sa l t n o r t h e v a p o u r is a c o n d u c t o r of 
e lec t r ic i ty . L . v o n Us la r , a n d A. R i c h e obse rved t h a t w h e n h e a t e d in h y d r o g e n i t 
c a n b e r e d u c e d t o m e t a l . F . W o h l e r , J . B . v o n B o r c k , C. G. de L a v a l , V. F o r c h e r , a n d 
H . E . Roscoe obse rved t h a t , w h e n e x p o s e d t o air , t h e sa l t is v e r y qu i ck ly h y d r o l y z e d 
b y m o i s t u r e t o h y d r o g e n chlor ide a n d t u n g s t i c ac id . C. W . B l o m s t r a n d found t h a t i t 
c a n be s u b l i m e d in o x y g e n w i t h o u t c h a n g e , b u t i t finally loses chlor ine , pass ing i n t o 
t h e d ioxyd ich lo r ide obse rved b y A . V o s m a e r . F . W o h l e r , a n d A. R i c h e obse rved 
t h a t i t hisses w h e n in c o n t a c t w i t h w a t e r , h e a t is evo lved , a n d i t is r a p i d l y h y d r o l y z e d 
i n t o t u n g s t i c ac id a n d hydroch lo r i c ac id . J . B . v o n B o r c k a d d e d t h a t some h y d r o g e n 
m a y b e evolved , b u t t h i s s t a t e m e n t h a s n o t b e e n conf i rmed ; a lkal i - lye w a s found b y 
V. F o r c h e r t o fo rm t u n g s t a t e , a n d p r e s u m a b l y ch lor ide . W h e n t h e o x y t e t r a ­
chlor ide is m i x e d w i t h c a r b o n , a n d h e a t e d i n ch lor ine , H . E . Roscoe obse rved t h a t 
i t is c o n v e r t e d i n t o t u n g s t e n hexach lo r i de . S. R i d e a l found t h a t a m m o n i a c o n v e r t s 
i t i n t o a m a s s of b l ack h e m i t r i n i t r i d e ; a n d w h e n h e a t e d w i t h p h o s p h o r u s p e n t a -
ch lor ide in a sea led t u b e a t a b o u t 170°, t u n g s t e n hexach lo r ide a n d p h o s p h o r y l 
ch lor ide a r e fo rmed . E . W . S m i t h a n d F . F l e c k sa id t h a t t h e o x y t e t r ach lo r ide is 
so luble in c a r b o n d i su lph ide a n d s u l p h u r monoch lo r ide , a n d spa r ing ly soluble in 
b e n z e n e ; a n d B . K a l i s c h e r a d d e d t h a t i t is n o t d isso lved b y t h e u s u a l so lven t s . 

F . W o h l e r p r e p a r e d t u n g s t e n dioxydichloride , W O 2 C l 2 , b y h e a t i n g t u n g s t e n 
d iox ide in d r y ch lor ine . T h e r e a c t i o n occurs w i t h incandescence , a n d a dense , 
ye l low v a p o u r is fo rmed , w h i c h forms a c rys ta l l ine s u b l i m a t e . V. F o r c h e r used 
b lue t u n g s t e n ox ide , a n d C G. d e L a v a l w a r m e d t h e d iox ide . V. I . Sp i tz in a n d 
L . KaschtanofE f o u n d t h a t t h e d ioxyd ich lo r ide is fo rmed w h e n h y d r o g e n chlor ide 
a c t s on t u n g s t e n d iox ide , h e m i p e n t o x i d e , a n d t r iox ide , or on t h e t u n g s t a t e s . 
H . Rose , a n d E . F . S m i t h a n d O. L . S h i n n e m p l o y e d a s imi lar process . F . Wohle r , 
a n d F . J . M a l a g u t i t h o u g h t t h a t t h e d ioxyd ich lo r ide is t h e hexach lo r ide , b u t H . R o s e 
s h o w e d t h a t t h i s is w r o n g . I t w a s a n a l y z e d b y H . Rose , A. R iche , J . B . v o n Borck , 
C. G. de L a v a l , H . E . Roscoe , a n d O. Ruff a n d co-workers . A. R iche o b t a i n e d t h e 
d ioxyd ich lo r ide b y h e a t i n g t u n g s t e n t r i ox ide in d r y chlor ine ; V. F o r c h e r s imi lar ly 
h e a t e d a m i x t u r e of c a r b o n a n d t u n g s t e n t r i ox ide or wol f rami te ; a n d J . B . v o n 
B o r c k h e a t e d t u n g s t e n i n a m i x t u r e of ch lor ine a n d a i r . F . B o u r i o n h e a t e d t u n g s t e n 
t r i ox ide in t h e v a p o u r of s u l p h u r monoch lo r ide a n d o b t a i n e d b o t h t h e d ioxyd i ­
ch lor ide a n d t h e o x y t e t r ach lo r ide . C. W . W a t t s a n d C. A. Bel l pas sed t h e v a p o u r 
of c a r b o n t e t r a c h l o r i d e ove r r e d - h o t t u n g s t e n t r i ox ide ; H . D e b r a y h e a t e d t u n g s t e n 
hexach lo r ide w i t h oxal ic ac id—v ide supra, t u n g s t e n o x y t e t r a c h l o r i d e ; a n d C G. d e 
L a v a l sub l imed t u n g s t e n hexach lo r ide or p e n t a c h l o r i d e over t h e h e a t e d t r i ox ide . 
H . O. Schulze h e a t e d in t h e absence of a i r a m i x t u r e of ca lc ium chlor ide a n d t u n g s t e n 
t r iox ide , a n d o b t a i n e d t u n g s t e n d ioxydich lor ide a n d ca l c ium t u n g s t a t e — t h e 
chlor ides of m a g n e s i u m , i ron , coba l t , a n d n ickel c a n be used , b u t n o t t h e alkal i , lead, 
or s i lver ch lor ides . 

T u n g s t e n d ioxyd ich lo r ide o b t a i n e d b y s u b l i m a t i o n w a s desc r ibed b y F . Wohle r , 
A. R i c h e , C. G. d e L a v a l , V. F o r c h e r , a n d H . E . Roscoe a s a pa le yel low or d a r k 
golden-yel low solid w i t h four-s ided p l a t e s r e sembl ing n a t u r a l bor ic ac id ; a n d t h e 
v a p o u r is va r ious ly desc r ibed a s pa l e yel low, or d a r k r ed . H . D e b r a y , a n d 
H . E . Roscoe sa id t h a t comple te vo la t i l i za t ion does n o t occur a t 450° , a n d n o 
v a p o u r d e n s i t y d e t e r m i n a t i o n w a s m a d e a t t h i s t e m p . H . R o s e sa id t h a t w h e n 
s u d d e n l y h e a t e d i t is p a r t i a l l y d issocia ted i n t o t u n g s t e n t r i ox ide a n d o x y t e t r a ­
chlor ide ; a n d H . Schifl also n o t e d t h a t a t a h igh t e m p , t h i s decompos i t ion 
occurs . F . Wohle r , J . B . v o n . B o r c k , C. W . B l o m s t r a n d , a n d H . E . Roscoe sa id t h a t 
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i t usua l ly vapor izes before me l t ing , b u t A. R i c h e g a v e 259° for t h e m . p . a n d 256° 
for t h e f .p. ; a n d V. Fo rche r , 265° t o 267° for t h e m . p . Lt. v o n IJs lar o b s e r v e d t h a t 
i t is r e d u c e d t o m e t a l w h e n i t is h e a t e d i n a c u r r e n t of h y d r o g e n . H . E . R o s c o e sa id 
t h a t i t is n o t decomposed b y m o i s t air , b u t F . Woh le r , a n d V. F o r c h e r obse rved t h a t 
m o i s t a ir s lowly decomposes i t i n t o hyd roch lo r i c ac id a n d h y d r a t e d t u n g s t e n 
t r iox ide . C. G. d e !Laval also obse rved t h a t i t fumes s t r o n g l y in a i r . F . W o h l e r , 
J . J . Berzel ius , a n d A. R i c h e also obse rved t h a t t h e sa l t is s lowly d e c o m p o s e d b y 
w a t e r as in t h e case of m o i s t a i r ; whi le H . E . Roscoe sa id t h a t i t is n o t d e c o m p o s e d 
b y cold w a t e r ; a n d af ter m a n y e v a p o r a t i o n s w i t h w a t e r , t h e r e s idue is n o t free 
from chlor ine . V. F o r c h e r obse rved t h a t a lkal i - lye dissolves t h e d ioxyd ich lo r ide 
s lowly in t h e cold, a n d r a p i d l y w h e n h e a t e d . J . J . Berze l ius found t h a t cone , 
hydroch lor ic ac id e x t r a c t s some t u n g s t e n t r i ox ide f rom t h e sa l t . A t o r d i n a r y 
t e m p . , a m m o n i a gas r eac t s g iv ing off fumes of a m m o n i u m chlor ide ; a n d t h e res idue 
w a s found b y S. R i d e a l t o c o n t a i n on ly a l i t t l e n i t rogen , a n d t o b e m a i n l y t u n g s t e n 
d ioxide , while E . F . S m i t h a n d O. L . S h i n n obse rved t h a t W 4 N 4 O 4 H 2 is f o r m e d ; 
w i t h l iqu id a m m o n i a , A. R o s e n h e i m a n d F . J a c o b s o h n obse rved t h e f o r m a t i o n of 
b r o w n t u n g s t e n t r i a m m i n o x i d e , W O 3 . 3 N H 3 ; a n d F . W o h l e r o b s e r v e d t h a t w i t h a q . 
a m m o n i a , t h e r e is a hiss ing noise a n d t h e d e v e l o p m e n t of h e a t . H . SchifE o b s e r v e d 
t h a t p h o s p h o r u s pen t ach lo r ide c o n v e r t s i t i n t o t h e oxy t r i ch lo r ide . B . Ka l i s che r 
found t h a t owing t o t h e inso lub i l i ty of t h e d ioxyd ich lo r ide in all so lven t s t r i ed , h e 
was u n a b l e t o p r e p a r e complex sa l t s . SoIn. of t u n g s t e n t r i o x i d e i n a lcohol ic h y d r o ­
chloric acid, w h e n t r e a t e d w i t h p y r i d i n i u m or qu ino l i n ium chlor ides , y ie ld ac i cu la r 
c rys ta l s of W 0 2 C 1 2 . 3 C 6 H 5 N . H C 1 , a n d W O 2 C l 2 . 3 C 9 H 7 N . H C l . R . F . B e r n h a r d t 
Grisson o b t a i n e d s imilar p r o d u c t s . 

S. M. T a n a t a r a n d E . K u r o w s k y 3 t r e a t e d a so ln . of s o d i u m t u n g s t a t e w i t h 
be ry l l ium chlor ide, a n d o b t a i n e d p r e c i p i t a t e s of bery l l ium ch loro tungs ta te s of 
va r i ab le compos i t ion , Be O. TnBeCl2. ̂ B e W O 4 , inso lub le in w a t e r a n d o r g a n i c 
so lven t s , a n d spa r ing ly soluble in ac ids . P . Did ie r found t h a t yel low, channe l l ed 
c rys t a l s of c e r i u m chlorotungstates , a r e fo rmed w h e n e q u a l p a r t s of n o r m a l 
s o d i u m t u n g s t a t e a n d a n h y d r o u s c e r i u m chlor ide a r e h e a t e d , w i t h or w i t h o u t 
fusion in a n i n e r t a t m o s p h e r e . If t h e c e r i u m ch lor ide b e in excess , ye l low or r e d 
h e x a g o n a l p l a t e s a r e formed. T h e s a l t m a y also be p r e p a r e d b y pa s s ing h y d r o g e n 
ch lor ide ove r a m i x t u r e of h e a t e d c e r i u m a n d t u n g s t e n ox ides . 
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§ 21 . Tungsten Bromides and Oxybromides 
H . E . Roscoe * r e p o r t e d t u n g s t e n dibromide, W B r 2 , t o be formed b y pass ing 

h y d r o g e n ove r t u n g s t e n p e n t a b r o m i d e h e a t e d in a b a t h of m o l t e n zinc. If t h e 
t e m p , is t o o low, s a y 350° , t h e p r o d u c t is n o t h o m o g e n e o u s . T h e p e n t a b r o m i d e 
a n d o x y b r o m i d e a n d b r o m i n e m a y dis t i l over , a n d t h e d i b r o m i d e r e m a i n s as a 
b lu i sh -b lack p o w d e r . I t b e h a v e s t o w a r d s w a t e r a n d n i t r i c ac id v a p o u r l ike t h e 
co r r e spond ing d ich lor ide . F . W . B e r g s t r o m obse rved t h a t a s l igh t ly soluble 
a m m o n i o b a s i c b r o m i d e is f o rmed w h e n t h e d i b r o m i d e is t r e a t e d w i t h l i qu id 
a m m o n i a . 

J . B . v o n B o r c k first x:>repared i m p u r e t u n g s t e n pentabromide , W B r 5 , a n d 
A. R i c h e a l so o b t a i n e d i t b u t r e g a r d e d i t a s a h e x a b r o m i d e . C. W . B l o m s t r a n d 
s h o w e d t h a t i t is r ea l ly t h e s a l t of q u i n q u e v a l e n t t u n g s t e n . Ana lyses s u p p o r t i n g 
t h i s v i ew were m a d e b y J . B . v o n Borck , C. W . B l o m s t r a n d , H . E . Roscoe , a n d 
E . De facqz . J . B . v o n Borck , A . R i c h e , a n d H . E . Roscoe o b t a i n e d i t b y pass ing 
t h e v a p o u r of b r o m i n e , p r e f e r ab ly d i l u t e d w i t h c a r b o n dioxide , over r e d - h o t 
t u n g s t e n . AU t r a c e s of m o i s t u r e a n d a i r m u s t b e r igorous ly exc luded . T h e 
p r o d u c t is purif ied f rom a n y t r a c e s of o x y b r o m i d e w h i c h m i g h t be p r e s e n t b y 
r e p e a t e d s u b l i m a t i o n . T h e t e m p , of f o r m a t i o n is h ighe r t h a n is needed for t h e 
p e n t a c h l o r i d e , a n d t h e u n i o n is n o t a t t e n d e d b y incandescence . E . Defacqz 
o b t a i n e d i t b y pa s s ing d r y h y d r o g e n b r o m i d e , freed f rom air , over t u n g s t e n h e x a ­
b r o m i d e a t 3 0 0 ° — t h e r e a c t i o n beg ins a t a b o u t 250°. H . E . Roscoe descr ibed t h e 
c r y s t a l s a s d a r k b r o w n needles ; J . B . v o n B o r c k sa id t h a t t h e c ry s t a l s a r e b lack 
w i t h a b lue or v io le t t i n t ; a n d E . Defacqz , t h a t t h e s u b l i m a t e cons is ts of fan-l ike 
a g g r e g a t e s of d a r k need les . J . B . v o n B o r c k sa id t h a t t h e v a p o u r is d a r k p u r p l e 
red , a l m o s t b l ack , H . E . Roscoe , d a r k b r o w n . J . B . v o n B o r c k found t h a t t h e 
p e n t a b r o m i d e sub l imes a l m o s t a t i t s m . p . A . R i c h e sa id t h a t i t m e l t s t o a b lack , 
oily l iqu id w h i c h on cool ing solidifies t o a c rys ta l l ine m a s s . H . E . Roscoe g a v e 276° 
for t h e m . p . , a n d 273° for t h e f .p. ; a n d a d d e d t h a t i t boils a t 333° a n d decomposes 
w h e n dis t i l led fo rming b r o m i n e a n d a lower b r o m i d e . E . Defacqz sa id t h a t i t c a n 
b e vo la t i l i zed w i t h o u t d e c o m p o s i t i o n in c a r b o n d iox ide . E . Defacqz , a n d 
H . E . Roscoe f o u n d t h a t t h e p e n t a b r o m i d e is r e d u c e d t o t h e d i b r o m i d e b y h y d r o g e n 
a t 350° , a n d a t h i g h e r t e m p , t o t h e m e t a l . A . R i c h e sa id t h a t w h e n h e a t e d in 
oxygen , i t fo rms a s u b l i m a t e of t h e d i o x y d i b r o m i d e , a n d E . Defacqz , t h a t i t is 
. decomposed b y o x y g e n i n t o a m i x t u r e of o x y b r o m i d e a n d t u n g s t e n t r i ox ide . 
J . B . v o n B o r c k , A . R i c h e , C. W . B l o m s t r a n d , H . E . Roscoe , a n d E . Defacqz found 
t h a t i t is v e r y hygroscop ic , a n d fumes in a i r ; i t is d e c o m p o s e d b y m o i s t a i r fo rming 
h y d r o g e n b r o m i d e a n d b lue t u n g s t e n ox ide ; i t is also h y d r o l y z e d b y w a t e r w i t h 
w h i c h i t r e a c t s w i t h a h iss ing noise a n d t h e d e v e l o p m e n t of m u c h h e a t . E . Defacqz 
a d d e d t h a t t h e p e n t a b r o m i d e is r ead i ly a t t a c k e d b y a lkal i - lye or fused a lkal ies , 
a^ well a s b y fused a lka l i n i t r a t e s , c a r b o n a t e s , o r h y d r o s u l p h a t e s . J . B . v o n B o r c k 
sa id t h a t some h y d r o g e n is deve loped w h e n t h e p e n t a b r o m i d e dissolves in a lkal i - lye . 
E . De facqz a d d e d t h a t w h e n t h e p e n t a b r o m i d e is h e a t e d w i t h chlor ine, i t forms t h e 
hexach lo r ide . Cone, hydrof luor ic ac id dissolves i t , a n d i t forms w i t h cone , h y d r o ­
chlor ic ac id a b lue s o l n . — t h e di l . ac id a c t s l ike w a t e r . D r y h y d r o g e n b r o m i d e 
does n o t decompose i t a t 300° ; a n d d r y fuming h y d r o b r o m i c ac id p a r t i a l l y d i s -
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solves i t . H y d r o g e n iodide decomposes t h e p e n t a b r o m i d e a t 400°, fo rming a n 
iod ide . S u l p h u r decomposes i t f o r m i n g t h e su lph ide ; h y d r o g e n su lph ide a l so 
c o n v e r t s i t i n t o su lph ide ; cone , s u l p h u r i c ac id does n o t a c t in t h e cold, b u t t h e d i l . 
ac id p r e c i p i t a t e s t h e b lue ox ide . T h e p e n t a b r o m i d e is oxid ized b y n i t r i c ac id i n t o 
t u n g s t e n t r i ox ide ; p h o s p h o r u s , a n d p h o s p h i n e c o n v e r t i t i n t o t h e p h o s p h i d e . 
A . R i c h e found t h a t t h e p e n t a b r o m i d e d e c o m p o s e s o rgan ic s u b s t a n c e s , r a p i d l y 
fo rming h y d r o g e n b r o m i d e a n d b lue t u n g s t e n ox ide . E . Defacqz a d d e d t h a t t h e 
p e n t a b r o m i d e is soluble in alcohol , e t he r , c a r b o n t e t r a c h l o r i d e , ch loroform, b r o m o -
form, benzene , a n d t u r p e n t i n e ; if t h e s e so lven t s a r e n o t t h o r o u g h l y d r i ed , b l u e 
t u n g s t e n oxide m a y be fo rmed . F . W . B e r g s t r o m obse rved t h a t a l iqu id a m m o n i a 
soln. of t u n g s t e n p e n t a b r o m i d e in c o n t a c t w i t h p o t a s s a m i d e for severa l d a y s 
furnishes tungsten potassimidamide, W ( N K ) 2 N H 2 -

Accord ing t o H . A. Schaffer a n d E . F . S m i t h , t u n g s t e n hexabromide , W B r 6 , 
is o b t a i n e d b y gen t ly w a r m i n g t u n g s t e n in d r y b r o m i n e v a p o u r ca r r i ed a long b y 
n i t r o g e n purif ied b y p a s s a g e t h r o u g h c h r o m o u s a c e t a t e , su lphu r i c ac id , a n d 
p h o s p h o r u s p e n t o x i d e . T u n g s t e n h e x a b r o m i d e forms b lu i sh-b lack , c rys ta l l ine 
masses , m e l t s read i ly , a n d w h e n careful ly r e sub l imed forms b lue -b lack need les . 
I t is decomposed w h e n h e a t e d a t a h igh t e m p . , fumes w h e n b r o u g h t i n t o c o n t a c t 
w i t h t h e air , is d e c o m p o s e d b y w a t e r w i t h t h e f o r m a t i o n of a b lue ox ide , a n d 
dissolves in a q . a m m o n i a t o a colourless soln. 

E . Defacqz found t h a t w h e n l iqu id h y d r o g e n b r o m i d e is a l lowed t o a c t on 
t u n g s t e n hexach lo r ide a t o r d i n a r y t e m p . , i t y ie lds t u n g s t e n tr ichlorotr ibromide, 
WCl3Br3, and a t 60° to 70°, tungsten trichloroenneabromide, WBr3-W3Cl3Br6 , or 
W 2 C l 3 B r 9 . T h e l a t t e r c o m p o u n d fo rms smal l , o l ive-green c ry s t a l s w h i c h m e l t a t 
232° a n d dissolve i n m a n y o rgan ic so lven t s . I t is v e r y u n s t a b l e , a l t e r s r a p i d l y 
w h e n exposed t o air , is i m m e d i a t e l y d e c o m p o s e d b y w a t e r , a n d b y s t e a m a t 200° , 
a n d is r ead i ly a t t a c k e d b y h y d r o g e n , o x y g e n , ch lor ine , s u l p h u r , p h o s p h o r u s , h a l o g e n 
h y d r a c i d s , h y d r o g e n su lph ide , n i t r i c a n d s u l p h u r i c ac ids , a lka l ies , ox id iz ing 
m i x t u r e s , a n d p o t a s s i u m h y d r o s u l p h a t e . 

H . P . von B e c k p r e p a r e d s o m e o x y b r o m i d e s — R ^ ( W O B r 5 ) ; R ' ( W O B r 4 ( H 2 O ) ) ; 
a n d BZ(WOBr 4 )—ana logous t o t h e oxych lo r ides o b t a i n e d b y O. O. Col lenberg . B y 
t r e a t i n g 5 g r m s . of p o t a s s i u m o x a l a t o t u n g s t i t e w i t h 35 c.c. of h y d r o b r o m i c ac id 
a t 50°, a n d a f t e rwa rds a d d i n g r u b i d i u m s u l p h a t e h e o b t a i n e d rub id ium p e n t a -
b r o m o i u n g s t i t e , B b 2 ( W O B r 5 ) , i n o l ive-green o c t a h e d r a ; if caesium s u l p h a t e b e 
e m p l o y e d , caesium p e n t a b r o m o t u n g s t i t e , C s 2 ( W O B r 5 ) , is f o rmed in g reen i sh-
ye l low o c t a h e d r a . B y a d d i n g 17 g r m s . of a m m o n i u m o x a l a t o t u n g s t i t e t o a 
soln. of 180 c.c. of h y d r o b r o m i c ac id a n d 3*5 g r m s . of a m m o n i u m b r o m i d e a t 55° , 
a m m o n i u m pentabromotungs t i t e , ( N H 4 ) 2 ( W O B r 6 ) , w a s f o r m e d in o l ive-green 
o c t a h e d r a . 

B y t r e a t i n g 10 g rms . of p o t a s s i u m o x a l a t o t u n g s t i t e w i t h 80 c.c. of h y d r o ­
b r o m i c a c i d a t 55° , pyr id in ium t e t r a b r o m o t u n g s t i t e , ( C 5 H 5 N H ) ( W O B r 4 ) , w a s 
f o r m e d in b rowni sh -g reen q u a d r a t i c p l a t e s . If soln. of 10 g r m s . of s o d i u m 
o x a l a t o t u n g s t i t e i n 75 c.c. of h y d r o b r o m i c ac id a n d of 8 g r m s . of t e t r a e t h y l -
a m m o n i u m b r o m i d e in 40 c.c. of h y d r o b r o m i c ac id be m i x e d , t e t r a e t h y l -
ammonium tetrabromoaquotungstite, (C2H5)4N{WOBr4(H20)}, is formed in 
p a l e g reen , microscopic scales. 

Acco rd ing t o A . B o n n e t , w h e n b r o m i n e v a p o u r is p a s s e d over a m i x t u r e of 
t u n g s t e n t r i o x i d e a n d c a r b o n , t u n g s t e n oxyte trabromide , W O B r 4 , is f o rmed . 
C. W . B l o m s t r a n d o b t a i n e d i t b y h e a t i n g t u n g s t e n i n b r o m i n e v a p o u r m i x e d w i t h a 
little air , a n d b y r a p i d l y h e a t i n g t h e d i o x y d i b r o m i d e w h i c h t h e n fo rms t u n g s t e n 
t r i o x i d e a n d o x y t e t r a b r o m i d e . H . E . R o s c o e o b t a i n e d i t b y t h e a c t i o n of b r o m i n e 
v a p o u r on a h e a t e d m i x t u r e of t u n g s t e n a n d t u n g s t e n d iox ide . T h e o x y t e t r a ­
b r o m i d e is u s u a l l y a c c o m p a n i e d b y less vo la t i l e d i o x y d i b r o m i d e f rom w h i c h i t c a n 
b e s e p a r a t e d b y s u b l i m a t i o n . A n a l y s e s were m a d e b y A . B o n n e t , J . B . v o n B o r c k , 
C. W . B l o m s t r a n d , a n d H . E . Boscoe . J . B . v o n B o r c k t h o u g h t t h a t t h e p r o d u c t 
w a s t u n g s t e n t e t r a b r o m i d e , b u t C. W . B l o m s t r a n d s h o w e d t h a t i t is t h e o x y t e t r a -
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b r o m i d e . T h e b rown i sh -b l ack needles fo rm a h e a v y , yel lowish-red v a p o u r ; t h e 
sa l t c a n be r e s u b l i m e d in a c u r r e n t of c a r b o n d iox ide . I t m e l t s a t 277°, a n d boils 
a t 327°. I t is v e r y hygroscop ic ; a n d is d e c o m p o s e d b y m o i s t a i r , a n d w a t e r i n t o 
h y d r o b r o m i c acid, a n d p s e u d o m o r p h o u s t u n g s t e n t r i o x i d e . 

J . B . v o n Borck , C. W . B l o m s t r a n d , a n d H . E . Koscoe p r e p a r e d t u n g s t e n 
dioxydibromide, W O ^ B r 2 , b y t h e ac t i on of b r o m i n e v a p o u r — n o t free f rom a i r — o n 
h e a t e d t u n g s t e n d iox ide , b lue t u n g s t e n oxide , t u n g s t e n t r i su lph ide , or a m i x t u r e of 
t u n g s t e n t r i ox ide a n d c a r b o n ; H . E . Roscoe , b y pass ing t h e v a p o u r of t u n g s t e n 
p e n t a b r o m i d e ove r t h e t r i o x i d e ; a n d H . O. Schulze , b y h e a t i n g t u n g s t e n t r iox ide 
w i th bromides-—vide supra, t h e d ioxyd ich lo r ide . A . B o n n e t b y w o r k i n g as in t h e 
case of t h e p r eced ing c o m p o u n d a t a lower t e m p . , t h o u g h t t h a t W 2 O 6 . 2 W B r 2 is 
fo rmed, b u t C. W . B l o m s t r a n d cou ld n o t ver i fy t h i s . T h e ana lyses of J . B . v o n Borck , 
a n d H . E . Roscoe agree w i t h t h e fo rmu la W O 2 B r 2 . T h e pa le yel low v a p o u r , sa id 
H . E . Koscoe , condenses t o b l ack p r i s m a t i c c rys t a l s , w h i c h on cooling, a p p e a r pa le 
red, a n d furnish a yel low b r o m i d e . J . B . v o n B o r c k , a n d C. W . B l o m s t r a n d said 
t h a t t h e q u a d r a t i c p l a t e s a r e a b r a s s y ye l low re sembl ing m u s c o v i t e gold. 
H . E . Boscoe , a n d J . B . v o n B o r c k sa id t h a t t h e sa l t volat i l izes a t a r e d - h e a t w i t h o u t 
me l t ing , a n d w i t h a p a r t i a l d e c o m p o s i t i o n i n t o t u n g s t e n o x y t e t r a c h l o r i d e a n d 
t r iox ide . H . E . Roscoe found t h a t t h e s a l t is n o t d e c o m p o s e d b y cold w a t e r ; a n d 
J . B . v o n Borck , t h a t i t is l ^ d r o l y z e d in m o i s t a i r a n d b y w a t e r t o form h y d r o ­
b r o m i c acid, a n d h y d r a t e d t u n g s t e n t r i ox ide . 

R E F E R E N C E S . 
1 H . E . Roscoe, Liebig's Ann., 162. 359, 1872 ; Proc. Manchester Lit. Phil. Soc, 1 1 . 79, 1872 ; 

Bull. Soc. Chim., (2), 25 . 6 1 , 1873 ; Chem. News, 25 . 6 1 , 73, 9O, 1873 ; J . B . von Borck, Oefvers. 
Afatd. Forh., 8. 149, 1851 ; Journ. prakt. Chem., (1), 54. 254:, 1851 ; A. Riche , Mecherches sur Ie 
tungstene et ses composes, Pa r i s , 1857 ; Ann. Chim. JPhys., (3), 50. 5, 1856 ; C. W . B loms t rand , 
Journ. prakt. Chem., (1), 82. 4 2 1 , 1861 ; (1), 89. 238, 1863 ; E . Defacqz, Compt. Mend., 128. 610, 
1232, 1899 ; 129. 515, 1899 ; Ann. Chim. JPhys., (7), 22. 244, 1901 ; Contribution d Vetude du 
tungstene et de ses composes, Pa r i s , 1901 ; H . A. Schaffer a n d E . E . Smi th , Journ. Amer. Che?n. 
Soc., 18. 1098, 1896 ; Chem. News, 75 . 37, 1897 ; A. Bonne t , ISInstit., 5 . 46, 1837 ; Compt. Bend., 
4 . 198, 1 8 3 7 ; H . O. Schulze, Ann. Chim. Phys., (2), 21 . 441 , 1880;* F . W . Bergs t rom, Journ. 
Amer. Chem. Soc. 47 . 2317, 1925 ; O. O. Collenberg, Zeit. Eleklrochem., 3 1 . 555, 1925 ; Zeit. anorg. 
Chem., 102. 247, 1918 ; H . P . von Beck, id., 196. 85, 1931. 

§ 22. Tungsten Iodides and Oxyiodides 
N o tungsten hexaiodide, W I 6 , h a s b e e n p r e p a r e d , n o r h a v e tungsten oxyiodides 

b e e n o b t a i n e d . A c c o r d i n g t o A . R i c h e , 1 t h e v a p o u r of iodine a t t a c k s t u n g s t e n 
superficial ly, a n d t h e s u b l i m e d p r o d u c t is difficult t o pur i fy ; i t a p p e a r s t o con t a in 
a b r o w n iod ide , a n d g reen scales of a n o t h e r iod ide . J . B . v o n B o r c k obse rved t h a t 
t u n g s t e n t r i o x i d e dissolves in h y d r i o d i c acid, a n d w h e n t h e soln. is e v a p o r a t e d , in 
v a c u o , i t is d e c o m p o s e d . N o t u n g s t e n iodide is f o rmed w h e n t h e v a p o u r of t u n g s t e n 
ch lor ide is pas sed o v e r m o l t e n p o t a s s i u m iodide or s i lver iodide , or w h e n i t is b r o u g h t 
in c o n t a c t w i th t h e v a p o u r of m e r c u r i c iodide , a m m o n i u m iodide , or h y d r o g e n 
iodide . H . E . Koscoe r e p o r t e d t h a t t u n g s t e n diiodide, WJ 2 , is formed w h e n 
iod ine v a p o u r is p a s s e d ove r r e d - h o t t u n g s t e n or t u n g s t e n d iox ide . T h e di iodide 
col lects q u i t e n e a r t o t h e h e a t e d p o r t i o n of t h e t u b e in smal l scales which 
c a n n o t be vo la t i l i zed w i t h o u t decompos i t ion . E . Defacqz o b t a i n e d i t b y pass­
ing ch lor ine over t u n g s t e n a t a d a r k - r e d h e a t ; d r iv ing o u t t h e chlor ine b y 
d r i ed c a r b o n d iox ide ; a n d a l lowing d r i ed h y d r o g e n iodide t o a c t on t h e sub l imed 
t u n g s t e n h e x a c h l o r i d e a t 400° . A t first some iodine is se t free, a n d t h e p r o d u c t is 
accord ing ly w a s h e d w i t h c a r b o n d i su lph ide , d r i ed in air , w a s h e d w i t h alcohol , a n d 
d r i ed in a i r , first a t 95° a n d t h e n a t 100°. Accord ing t o E . Defacqz , t u n g s t e n 
d i iodide is a n a m o r p h o u s , b r o w n p o w d e r of s p . gr . 6-9 a t 18°, a n d insoluble in 
w a t e r , a lcohol , o r c a r b o n d i su lph ide . I t is infusible a n d non-vo la t i l e ; w h e n 
h e a t e d in air , i t is oxid ized, a n d w h e n h e a t e d a b o v e 500° in h y d r o g e n i t is r e d u c e d . 
Chlor ine decomposes i t a t a b o u t 250°, a n d b r o m i n e a t a b o u t 350° . H y d r o g e n 
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iod ide r educes i t a t 500° t o 600°, a n d i t is a lso a t t a c k e d b y c a r b o n d iox ide a t t h i s 
t e m p . S u l p h u r a n d p h o s p h o r u s a t 500° c o n v e r t t h e iod ide i n t o su lph ide a n d 
p h o s p h i d e respec t ive ly , a n d boi l ing w a t e r g r a d u a l l y c o n v e r t s i t i n t o t h e b l u e ox ide . 
H y d r o c h l o r i c a n d hydrof luor ic ac ids a t t a c k t h e iod ide v e r y s lowly, b u t bo i l ing 
n i t r i c o r su lphur i c acid, or a q u a regia , c o n v e r t s i t i n t o t u n g s t i c a n h y d r i d e . P o t a s h -
lye or fused p o t a s s i u m h y d r o x i d e , a lka l i c a r b o n a t e s , o r m i x t u r e s of a lka l i c a r b o n a t e s 
a n d n i t r a t e s r ead i ly oxidize t h e iod ide . 

Accord ing t o E . Defacqz , t u n g s t e n tetraiodide , W I 4 , is o b t a i n e d b y t h e a c t i o n 
of a n excess of l iqu id h y d r o g e n iod ide o n t u n g s t e n h e x a c h l o r i d e a t 110° . I t is a 
b lack , c rys ta l l ine s u b s t a n c e of s p . gr . 5^2 a t 18° ; inso luble in w a t e r , e t he r , ch lo ro ­
form, a n d t u r p e n t i n e , b u t so luble in a b s o l u t e a lcohol ; i t does n o t m e l t , a n d does 
n o t sub l ime w i t h o u t decompos ing . H y d r o g e n r e d u c e s i t be low a r e d - h e a t ; ch lo r ine 
d isp laces t h e iodine a t t h e o r d i n a r y t e m p . ; a n d b r o m i n e d isp laces i t a t 100° . 
W a t e r decomposes i t s lowly i n t h e cold , a n d r a p i d l y o n boi l ing , a n d i t is r e ad i l y 
a t t a c k e d b y di l . hyd roch lo r i c a n d s u l p h u r i c ac ids , a n d b y n i t r i c ac id a n d a q u a 
regia , wh ich c o n v e r t i t i n t o t u n g s t i c ac id . A lka l i h y d r o x i d e s a n d c a r b o n a t e s , 
w h e t h e r in soln. o r fused, a n d fused p o t a s s i u m h y d r o s u l p h a t e a l so r e a d i l y d e c o m ­
pose t h e t e t r a i o d i d e . 

R E F E R E N C E S . 
1 A. Riche , JRecherches sur Ie tungstene et sea composes, Pa r i s , 1857 ; Ann. Chim. Phya., (3), 

50 . 5, 1856 ; J . B . von Borck, Oefvers A had. Forh.9 8. 149, 1851 ; Journ. prakt. Chem., (1), 54 . 254, 
1851 ; H . K. Roscoe, Liebig'a Ann., 162. 359, 1 8 7 2 ; Proc. Manchester Lit. Phil, Soc. 11 . 7 9 . 
1872 ; Bull. Soc. Chim., (2), 25 . 6 1 , 1873 ; Chem. News, 25 . 6 1 , 73 , 90, 1873 ; E . Defacqz, Compt, 
Mend., 128. 610, 1232, 1899 ; 129. 515, 1899 : Ann. Chim. JPhys., (7), 22. 244, 1901 ; Contribution 
d V&tude du tungstene et de ses composes, Pa r i s , 1901. 

§ 23. The Tungsten Sulphides 
J . B . v o n Borck * o b t a i n e d t u n g s t e n disulphide , W S 2 , b y m e l t i n g a m i x t u r e 

of t h e c o n s t i t u e n t e lernents ; J . J . Berze l ius p a s s e d s u l p h u r v a p o u r or h y d r o g e n 
su lph ide over r e d - h o t t u n g s t e n t r i o x i d e . T h e a c t i o n is i n c o m p l e t e , a n d A. H i c h e 
r e c o m m e n d e d m i x i n g t h e t u n g s t e n t r i o x i d e w i t h c a r b o n , or pa s s ing t h e v a p o u r 
of c a r b o n d i su lph ide over t h e r e d - h o t t r i o x i d e . J . J . Berze l ius , a n d J . B . v o n 
B o r c k h e a t e d a m i x t u r e of t u n g s t e n t r i o x i d e a n d a n excess of m e r c u r i c su lph ide 
in a fireclay crucible c o n t a i n e d in a l a rge r c ruc ib le p a c k e d w i t h c a r b o n . W h e n 
a m m o n i u m s u l p h o t u n g s t a t e is h e a t e d in a c u r r e n t of c a r b o n d iox ide , E . Corleis 
found t h a t p o r o u s p s e u d o m o r p h s of t u n g s t e n d i s u l p h i d e a r e fo rmed . F . J . F a k t o r 
o b t a i n e d t h e d i su lph ide b y t h e a c t i o n of t u n g s t e n t r i o x i d e o n s o d i u m t h i o s u l p h a t e . 
Li. v o n Us la r h e a t e d a m i x t u r e of t u n g s t e n t r i s u l p h i d e a n d p o t a s s i u m c y a n i d e 
a n d e x t r a c t e d t h e soluble m a t t e r w i t h w a t e r ; A . H i c h e m e l t e d a m i x t u r e of 
p o t a s s i u m t u n g s t a t e a n d t u n g s t e n t r i o x i d e , a n d a d d e d s u l p h u r — a f t e r half a n 
h o u r ' s fusion, t h e cold m a s s w a s e x t r a c t e d w i t h w a t e r . E . De facqz m e l t e d a t a 
du l l r e d - h e a t a n i n t i m a t e m i x t u r e of d r y p o t a s s i u m c a r b o n a t e , s u l p h u r , a n d 
t u n g s t e n t r i ox ide (138 : 558 : 464) , a n d w h e n c o m p l e t e l y fused, t h e co ld m a s s w a s 
p o w d e r e d a n d e x t r a c t e d w i t h w a t e r . W h e n h y d r o g e n su lph ide free f rom a i r 
a c t s on t u n g s t e n hexach lo r ide h e a t e d t o 375° a n d t h e t e m p , is r a i s ed t o 550° , 
a n d t h e p r o d u c t cooled in h y d r o g e n s u l p h i d e , E . De facqz f o u n d t h a t t u n g s t e n 
d i s u l p h i d e is f o r m e d . 

A n a l y s e s were m a d e b y E . Defacqz , J . J . Berze l ius , L.. v o n Us la r , E . Corleis , 
a n d A. R i c h e , a n d t h e r e su l t s were in a g r e e m e n t w i t h t h e fo rmu la W S 2 . H . O. Wel l s 
a n d B . S. B u t l e r f o u n d t h e d i su lph ide occu r r i ng a s a m i n e r a l w h i c h t h e y ca l l ed 
t u n g s t e n i t e i n t h e E m m a m i n e , of t h e C o t t o n w o o d d i s t r i c t , S a l t L a k e Co. , U t a h . 
It occurs in f e a t h e r y flakes r e sembl ing g r a p h i t e . I t is l e ad -g rey i n co lour ; o p a q u e 
w i t h a me ta l l i c l u s t r e ; a n d is soft e n o u g h t o m a r k p a p e r . J . J . Be rze l ius d e s c r i b e d 
t h e d i su lph ide a s a g rey i sh -b lack , soft p o w d e r ; a n d E . Defacqz , a s a b l ack , s ca ly 
m a s s , o r a s f r iable c r y s t a l s w i t h a b lue reflex. A . E . v a n A r k e i f o u n d t h a t t h e 
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X - r a d i o g r a m of t u n g s t e n d i su lph ide c o r r e s p o n d e d w i t h a space- la t t i ce r e semb l ing 
t h a t of m o l y b d e n i t e {q.v.), w i t h t w o mol s p e r u n i t cell. T h e u n i t cell h a s a b a s e 
3-18 A., a n d a h e i g h t 12-5 A. T h e S -a toms form l aye r s of t r i g o n a l p y r a m i d s w h i c h 
a re 3-63 A . i n l e n g t h a long t h e p y r a m i d edges a n d 3-18 A. a long t h e b a s a l edges . 
T h e s t r u c t u r e w a s d iscussed b y J . W . G r u n e r . Accord ing t o E . Defacqz , t h e s p . 
gr . is 7-5 a t 10°. M. P i c o n f o u n d t h a t t h e su lph ide is d i s soc ia ted a t 1200° t o 1300°, 
a n d n o t vo la t i l i zed a t 2000° . B-. C. Wel l s a n d B . S. B u t l e r gave 7-4 for t h e 
sp . gr . of t u n g s t e n i t e . A . K a r l s t u d i e d t h e t r i bo luminescence of t u n g s t e n su lph ide . 
W . W . Cob len tz f o u n d t h a t t u n g s t e n su lph ide is n o t pho toe lec t r i ca l ly sens i t ive . 
J . J . Berze l ius sa id t h a t w h e n r o a s t e d in a i r i t fo rms t u n g s t e n t r i ox ide , a n d in t h e 
absence of a i r , E . Defacqz sa id t h a t i t c a n be h e a t e d t o r edness w i t h o u t c h a n g e , 
whi le in t h e e lec t r ic fu rnace i t g r a d u a l l y loses i t s s u l p h u r w i t h o u t me l t ing . A. I l i che 
o b s e r v e d t h a t w h e n h e a t e d in h y d r o g e n i t is r e d u c e d t o m e t a l , a n d E . Corleis sa id 
t h a t t h e r e d u c t i o n is c o m p l e t e in a b o u t 7 h r s . a t t h e t e m p , of a b lowpipe f lame ; 
a n d E . De facqz a d d e d t h a t t h e r e a c t i o n beg ins a t a b o u t 800°. N . P a r r a v a n o 
a n d G. M a l q u o r i f o u n d t h e e q u i l i b r i u m c o n s t a n t K=pn s/p^ ^ o r ^ n e r e a c t i ° n 

2 H 2 + W S 2 ^ W + 2 H 2 S ove r t h e r a n g e of t e m p . 795° t o 1065° ; a n d t h e ca l cu la t ed 
h e a t of f o r m a t i o n of W S 2 is 73-4 CaIs. T h e y also g a v e for t h e d issocia t ion press . , 
log ^ s 2 = - 1 0 - 4 5 3 a t 600° ; —6-938 a t 795° ; —5-611 a t 895° ; —4-603 a t 985° ; 
a n d —4-642 a t 1065°. E l u o r i n e a t t a c k s i t a t o r d i n a r y t e m p . ; ch lor ine , a t 400° 
w i t h t h e f o r m a t i o n of t h e h e x a c h l o r i d e ; wh i l s t t h e r e a c t i o n w i t h b r o m i n e is i ncom­
p le t e a t 700° . H y d r o g e n ch lor ide h a s n o a c t i o n on t h e d i su lph ide . Mine ra l ac ids 
e m p l o y e d s ing ly a r e w i t h o u t ac t ion , b u t i t is a t t a c k e d b y m i x t u r e s of n i t r i c ac id 
w i t h hydrof luor ic or h y d r o c h l o r i c ac id . J . J . Berze l ius found t h a t t h e d i su lph ide 
is ox id ized b y a q u a reg ia t o s u l p h u r i c ac id a n d t u n g s t e n t r i ox ide ; B . C. Wel ls a n d 
B , S. B u t l e r f o u n d t h a t t u n g s t e n i t e is n o t a t t a c k e d b y hydroch lo r i c or n i t r i c ac id 
b u t is d e c o m p o s e d b y a q u a reg ia . E . Defacqz f o u n d t h a t m o l t e n a lka l i h y d r o x i d e s 
or c a r b o n a t e s r e a d i l y d isso lve t h e d i su lph ide , a n d so does a fused m i x t u r e of 
p o t a s s i u m n i t r a t e a n d c a r b o n a t e . L . Wei s s r e d u c e d i t t o t h e m e t a l b y h e a t i n g 
i t wi th l ime in a n e lec t r ic fu rnace . 

L . v o n U s l a r o b t a i n e d t u n g s t e n tr isulphide, W S 3 , b y me l t i ng wol f rami te w i t h 
p o w d e r e d c a r b o n , s u l p h u r , a n d s o d i u m c a r b o n a t e (1 : 0-2 : 3) a t a du l l r e d - h e a t , 
e x t r a c t i n g t h e p r o d u c t w i t h w a t e r , a n d p r e c i p i t a t i n g t h e c o m p o u n d b y t h e a d d i t i o n 
of s u l p h u r i c ac id . J . J . Berze l ius d issolved t u n g s t e n t r i o x i d e in a soln. of p o t a s s i u m 
h y d r o s u l p h i d e , a n d p r e c i p i t a t e d t h e c o m p o u n d b y m e a n s of a n ac id ; h e also s a t u r a t e d 
a soln . of a m m o n i u m t u n g s t a t e w i t h h y d r o g e n su lph ide , a d d e d a n ac id t o t h e soln. , 
a n d w a s h e d t h e p r e c i p i t a t e w i t h cold w a t e r . J . B . v o n Borck sa id t h a t al l t he se 
p r o d u c t s c o n t a i n t u n g s t e n t r i o x i d e a n d m u c h w a t e r . T h e t r i su lph ide c a n be 
o b t a i n e d of a h i g h degree of p u r i t y b y p r o t e c t i n g i t f rom a t m . a i r whi le be ing p r e ­
p a r e d . E . Corleis a lso o b t a i n e d t h e t r i su lph ide a s a choco la te b r o w n p o w d e r 
b y a d d i n g hyd roch lo r i c ac id t o a soln. of a m m o n i u m s u l p h o t u n g s t a t e in a n a p p a r a t u s 
f rom which a t m . a i r is e x c l u d e d . T h e p r o d u c t w a s w a s h e d w i t h a q . h y d r o g e n 
s u l p h i d e in a n a t m o s p h e r e of c a r b o n d iox ide a n d d r i ed a t 100° in a s imi lar 
a t m o s p h e r e . 

T u n g s t e n t r i s u l p h i d e is a b l a c k or d a r k b r o w n p o w d e r , wh ich w h e n h e a t e d in 
a closed vessel w a s f o u n d b y J . J . Berze l ius t o fo rm t h e d i su lph ide ; a n d w h e n 
boi led w i t h w a t e r in a r e t o r t i t g ives off s o m e h y d r o g e n su lph ide . W a t e r dissolves 
a l i t t l e t r i su lph ide , p a r t i c u l a r l y w a r m w a t e r , a n d i t is p r e c i p i t a t e d f rom t h e yel low 
soln. b y ac ids , or a m m o n i u m ch lor ide . E . Corleis e m p h a s i z e d i t s ac id c h a r a c t e r 
b y showing t h a t i t d issolves in a cold cone . soln. of a n a lka l i c a r b o n a t e w i t h t h e 
e v o l u t i o n of c a r b o n d iox ide ; i t a lso fo rms d a r k b r o w n soln. w i t h a lkal i h y d r o x i d e s 
o r h y d r o s u l p h i d e s f rom w h i c h n o c ry s t a l s c a n b e o b t a i n e d . J . J . Berze l ius a d d e d 
t h a t t h e soln. i n a lka l i h y d r o x i d e o r c a r b o n a t e c o n t a i n s a lka l i t u n g s t a t e , a n d 
s u l p h o t u n g s t a t e — a n d p r o b a b l y col loidal t u n g s t e n t r i su lph ide ; w h e n dissolved 
in soln . of t h e a lka l i su lph ides , h y d r o g e n su lph ide is evo lved ; a n d w i t h t h e bas ic 
m e t a l su lph ides i t fo rms su lphotungs ta tes , R2WvS4, f rom which soin. a n excess 
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of ac id p r ec ip i t a t e s t u n g s t e n t r i su lph ide w i t h t h e evo lu t ion of h y d r o g e n s u l p h i d e . 
A q . a m m o n i a dissolves t h e d r i ed su lph ide v e r y slowly, a n d t h e freshly p r e c i p i t a t e d , 
m o i s t su lph ide , qu ick ly . 

A s j u s t ind ica ted , J . J . Berze l ius obse rved t h a t w h e n t h e f resh ly -prec ip i t a ted 
t r i su lph ide is w a s h e d w i t h -water, i t a p p e a r s t o dissolve, fo rming a yel low soln. 
of w h a t is n o w cal led col loidal t u n g s t e n trisulphide. Accord ing t o C. Winss inger , 
a d a r k b r o w n colloidal soln. of t h e t r i s u l p h i d e is o b t a i n e d b y a d d i n g t o a di l . soln . 
of sod ium s u l p h o t u n g s t a t e r a t h e r m o r e hydroch lo r i c ac id t h a n is n e e d e d t o l i be ra t e 
t u n g s t e n t r i su lph ide . I t s co lour is o range , a n d t h e soln. c a n b e o b t a i n e d q u i t e 
clear . T h e a b s o r p t i o n s p e c t r u m of t h e r e d d i s h - b r o w n soln. shows a d a r k b a n d 
from t h e e x t r e m e v io le t t o t h e g reen . T h e e x t r e m e r e d is feeble, a n d t h e vis ible 
p a r t of t h e s p e c t r u m is a lso feeble. T h e soln. becomes t u r b i d , o r a p r e c i p i t a t e 
is fo rmed b y boi l ing, b y a d d i n g cone , hydroch lo r i c acid , a m m o n i u m chlor ide , 
or o t h e r sa l t s ; or b y dia lys is . If p r ec ip i t a t ed , t h e su lph ide c a n be w a s h e d b y 
d e c a n t a t i o n , a n d a s t h e impur i t i e s a re r e m o v e d t h e su lph ide is a g a i n p e p t i z e d 
so a s t o re- form a colloidal soln. F r e s h l y p r e c i p i t a t e d t r i su lph ide is easi ly ox id ized 
so t h a t a i r m u s t b e exc luded d u r i n g these ope ra t ions . 

T h e n o r m a l s u l p h o t u n g s t a t e s , R 2 W S 4 , a re p r e p a r e d b y dissolving t u n g s t e n 
t r i su lph ide in t h e m e t a l h y d r o s u l p h i d e ; b y t h e p ro longed a c t i o n of h y d r o g e n 
su lph ide on n o r m a l t u n g s t a t e s ; a n d b y doub l e decompos i t ion . T h e a lkal i su lpho ­
t u n g s t a t e s a re soluble a n d c rys ta l l ine ; some of t h e a lka l ine e a r t h a n d m e t a l 
s u l p h o t u n g s t a t e s form g u m m y or ge la t inous masses . Accord ing t o C. Scheibler , 
if a n aq . soln. of m e t a t u n g s t i c ac id be s a t u r a t e d w i t h h y d r o g e n su lph ide , a n d 
neu t r a l i zed w i t h a m m o n i a , or a m m o n i u m su lph ide , b lue s u l p h u r s e p a r a t e s o u t , 
a n d af ter a t i m e b lu ish-b lack , cubic c ry s t a l s a r e fo rmed . T h e y oxidize in air , a n d 
decolorize. T h e y a r e v e r y u n s t a b l e . A. W e r n e r d iscussed t h e fo rmula , ( N H 4 J 2 [ W S 4 ] 

S S 
SW + S ( N H 4 ) 2 = S W S ( N H 4 ) 2 

S S 

J . J . Berzel ius o b t a i n e d a m m o n i u m su lphotungs ta te , ( N H 4 J 2 W S 4 , in yel lowish-red 
c rys t a l s b y s a t u r a t i n g a cone . soln. of a m m o n i u m t u n g s t a t e w i t h h y d r o g e n su lph ide ; 
on e v a p o r a t i n g t h e mothe r - l i quor , yel low p l a t e s of a doub l e s a l t of t u n g s t a t e a n d 
s u l p h o t u n g s t a t e a r e formed. E . Corleis o b t a i n e d t h i s s a l t b y t h e a c t i o n of h y d r o g e n 
su lph ide for 5 or 6 h r s . on a soln. of 10 g r m s . of h y d r a t e d t u n g s t e n t r i ox ide in 100 c.c. 
of aq . a m m o n i a of s p . gr . 0-94, a n d 20 c.c. of w a t e r , a n d a l lowing t h e l iqu id t o s t a n d 
in a closed vessel for c rys ta l l i za t ion . I n a b o u t 8 d a y s , t h e orange-ye l low c r y s t a l s 
c a n be w a s h e d successively w i t h a soln. of h y d r o g e n su lph ide , a lcohol , a n d e the r , 
a n d finally d r i e d in v a c u o over p h o s p h o r u s p e n t o x i d e . T h e m o t h e r - l i q u i d con­
t a i n i n g d i o x y d i s u l p h o t u n g s t a t e c a n be a g a i n s a t u r a t e d w i t h h y d r o g e n su lph ide , 
a n d t r e a t e d a s before. T h e p r e c i p i t a t i o n is acce l e ra t ed if o n e - t h i r d t o half a vo l . 
of a lcohol is a d d e d . H . V a t e r sa id t h a t t h e pa l e orange-yel low, r h o m b i c b i p y r a m i d a l 
c ry s t a l s h a v e t h e ax ia l r a t i o s a : b : c = 0 - 7 7 8 3 : 1 : 0-5675 ; t h e (010)-cleavage is 
c o m p l e t e , t h e (OOl)-cleavage clear . T h e c r y s t a l s a r e i s o m o r p h o u s w i t h t h o s e of 
t h e co r r e spond ing m o l y b d e n u m sa l t . J . j / Berze l ius , a n d B . Corleis f o u n d t h a t 
t h e c r y s t a l s d e c r e p i t a t e w h e n h e a t e d , a n d t h e n g ive off w a t e r a n d a m m o n i u m 
su lph ide , l eav ing t u n g s t e n d i su lph ide a s a res idue , p s e u d o m o r p h o u s af ter a m m o n i u m 
su lph ide . T h e sa l t is fa i r ly s t ab l e w h e n d r y , b u t w h e n m o i s t i t is u n s t a b l e . I t 
is s lowly r e d u c e d t o m e t a l w h e n h e a t e d in h y d r o g e n . I t is freely so luble i n w a t e r , 
a n d i n a q . a m m o n i a ; a n d i t is p r e c i p i t a t e d f rom t h e s e soln. b y t h e a d d i t i o n of 
a lcohol . T h e a q . soln. s lowly decomposes in a i r . Xi. S t o r c h d iscussed t h e so lub i l i ty 
of t h e m e t a l su lph ides in a soln. of a m m o n i u m s u l p h o t u n g s t a t e . 

J . J . Berze l ius sa id t h a t s o d i u m su lphotungs ta te , N a 2 W S 4 , c rys ta l l izes w i t h 
difficulty f r o m a n a q . soln . of i t s c o m p o n e n t s , b u t it t h e a q . a lcohol ic soln . b e 
s p o n t a n e o u s l y e v a p o r a t e d t h e s a l t is o b t a i n e d in c ry s t a l s , E . Corleis p r e p a r e d 
i t b y a d d i n g s o d i u m h y d r o s u l p h i d e t o a cone . soln. of t h e a m m o n i u m s a l t . T h e 
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c r y s t a l s c o n t a i n some i s o m o r p h o u s a m m o n i u m s a l t ; t h e y del iquesce r a p i d l y in 
air , a n d r e semble t h e c rys t a l s of t h e p o t a s s i u m sa l t . J . J . Berze l ius p r e p a r e d 
p o t a s s i u m su lphotungs ta te , K 2 W S 4 , b y s a t u r a t i n g a n a q . soln. of p o t a s s i u m 
t u n g s t a t e w i t h h y d r o g e n su lph ide a n d e v a p o r a t i n g t h e soln. in v a c u o ove r p o t a s s i u m 
c a r b o n a t e , or in a i r ; a n d b y e v a p o r a t i n g a soln. of t u n g s t e n t r i o x i d e or t r i s u l p h i d e 
in p o t a s s i u m h y d r o s u l p h i d e , or of t u n g s t e n t r i su lph ide in p o t a s s i u m h y d r o x i d e . 
E . Corleis f o u n d t h a t t h e s a l t is p r e c i p i t a t e d o n a d d i n g p o t a s s i u m h y d r o s u l p h i d e 
a n d a lcohol t o a soln. of a m m o n i u m s u l p h o t u n g s t a t e . !By r ec rys t a l l i za t ion of t h e 
sa l t f rom a soln . of p o t a s s i u m h y d r o s u l p h i d e , i t c a n b e c o m p l e t e l y freed f rom t h e 
i s o m o r p h o u s a m m o n i u m , s u l p h o t u n g s t a t e . E . K a l k o w s k y sa id t h a t t h e yel low, 
r h o m b i c b i p y r a m i d s h a v e t h e ax ia l r a t i o s a : b : c—0-7495 : 1 : 0-5665 ; a n d t h a t 
t h e (010)-cleavage is i n c o m p l e t e . J . J . Berze l ius found t h a t t h e c rys ta l s , i n t h e 
a b s e n c e of air , m e l t t o a d a r k b r o w n l iqu id w h i c h solidifies on cooling t o a b rownish -
ye l low m a s s . T h e s a l t is freely soluble in w a t e r , a n d on a d d i n g alcohol t o t h e 
b rownish-ye l low a q . soln. , c i n n a b a r - r e d p r i s m s a re depos i t ed , b u t t h e p r e c i p i t a t i o n 
is n o t c o m p l e t e , for t h e sa l t is s l igh t ly soluble in a lcohol . If a n ac id be a d d e d t o 
t h e a q . soln. , potassium sulphoditungstate, K 2 S . 2 W S 3 , is fo rmed, a n d depos i t ed 
a s a b l a c k m a s s w h e n t h e d a r k b r o w n soln . is e v a p o r a t e d . J . J . Berze l ius desc r ibed 
a c o m p l e x sa l t , f o r m e d b y fusing a m i x t u r e of s u l p h u r a n d p o t a s s i u m t u n g s t a t e , 
wh ich w a s cons ide red t o b e K 2 W O 4 - K 2 W S 4 , p r e s u m a b l y a n i s o m o r p h o u s a d m i x t u r e . 

J . J . Berze l ius desc r ibed copper su lphotungs ta te a s a d a r k b r o w n p r e c i p i t a t e ; 
s i lver s u l p h o t u n g s t a t e a s a d a r k b r o w n , a l m o s t b lack , p r e c i p i t a t e ; a n d go ld 
s u l p h o t u n g s t a t e , Au 4 (WS 4 J 3 , a s a d a r k b r o w n m i x t u r e of a u r o u s a n d aur ic sa l t s 
o n a d d i n g a so ln . of t h e m e t a l s a l t t o a soln. of p o t a s s i u m s u l p h o t u n g s t a t e . H e 
a lso o b t a i n e d c a l c i u m s u l p h o t u n g s t a t e b y t r e a t i n g freshly p r e p a r e d ca lc ium 
t u n g s t a t e , s u s p e n d e d in w a t e r , w i t h h y d r o g e n su lph ide , a n d e v a p o r a t i n g t h e yel low 
soln. , o r b y d isso lv ing t u n g s t e n t r i s u l p h i d e i n a h o t soln. of ca l c ium d i su lph ide , 
or h y d r o s u l p h i d e . T h e p a l e ye l low, a m o r p h o u s m a s s is eas i ly soluble i n w a t e r , 
a n d i n a lcohol . W i t h a n excess of t u n g s t e n t r i s u l p h i d e i t fo rms a r edd i sh -b rown , 
non -c rys t a l l i z ab l e soln . w h i c h w i t h a m m o n i a g ives a pa l e yel low p r e c i p i t a t e . T h e 
corresponding strontium sulphotungstate and barium sulphotungstate were 
s imi la r ly o b t a i n e d . N o p r e c i p i t a t e of bery l l ium su lphotungs ta te is o b t a i n e d w h e n 
a so ln . of a b e r y l l i u m s a l t is t r e a t e d w i t h p o t a s s i u m s u l p h o t u n g s t a t e ; m a g n e s i u m 
s u l p h o t u n g s t a t e is p r e p a r e d l ike t h e b a r i u m sa l t , a n d t h e a q . soln. , in v a c u o , 
d r ies t o a g u m m y m a s s soluble in w a t e r a n d a lcohol . P . Bodo l i co o b t a i n e d a 
c o m p l e x sa l t , M g W S 4 . 2 X . 1 0 H 2 O , w i t h h e x a m e t h y l e n e t e t r a m i n e . J . J . Berzel ius 
p r e p a r e d z i n c s u l p h o t u n g s t a t e w h i c h forms a pa le yel low, p u l v e r u l e n t p r e c i p i t a t e ; 
a n d w i t h c a d m i u m s u l p h o t u n g s t a t e wh ich fo rms a lemon-ye l low p o w d e r ; me r -
c u r o u s sa l t s g ive a b l a c k p r e c i p i t a t e of m o r e or less decomposed m e r c u r o u s 
s u l p h o t u n g s t a t e ; a n d m e r c u r i c sa l t s , ye l low mercur ic su lphotungs ta te wh ich , 
a f te r d r y i n g , is d a r k r e d . 

W h e n a n a l u m i n i u m sa l t soln. is t r e a t e d w i t h p o t a s s i u m s u l p h o t u n g s t a t e , 
n o a l u m i n i u m su lphotungs ta te is p r e c i p i t a t e d ; s imi la r ly w i t h y t t r ium s u l p h o ­
t u n g s t a t e ; b u t a soln. of a ce rous sa l t in 24 h r s . g ives a yel low p r e c i p i t a t e of cerous 
s u l p h o t u n g s t a t e . S t a n n o u s sa l t soln. g ives a b r o w n , f locculent p r ec ip i t a t e of 
s t a n n o u s s u l p h o t u n g s t a t e , S n W S 4 ; a soln. of a s t a n n i c sa l t , greyish-yel low s tannic 
s u l p h o t u n g s t a t e , a l ead sa l t , d a r k b r o w n l ead su lphotungs ta te , P b W S 4 ; whi l s t a 
dark brown bismuth sulphotungstate, Bi2(WS4J3 ; brown vanadyl sulphotungstate ; 
yellow manganese sulphotungstate, MnWS 4 ; deep yellow ferrous sulphotungstate, 
F e W S 4 ; dark brown ferric sulphotungstate, Fe 2(WS 4) 3 ; dark brown cobalt 
sulphotungstate, CoWS4 ; similarly with nickel sulphotungstate, NiWS4 ; dark 
b r o w n p l a t i n u m s u l p h o t u n g s t a t e , P t ( W S 4 ) 2 , a r e o b t a i n e d f rom soln. of t h e m e t a l 
sa l t s c o n c e r n e d . 

Acco rd ing t o E . Defacqz , if l i qu id h y d r o g e n su lph ide b e left i n c o n t a c t w i t h 
t u n g s t e n h e x a c h l o r i d e i n a sea led t u b e for 36 h r s . , a t 60° t o 65°, a b r o w n p o w d e r 
of tungsten hexachloroenneasulphide, WC16.3WSS, is formed. I t is insoluble 
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in c a r b o n d i su lph ide , a lcohol , a n d benzene , a n d is d e c o m p o s e d b y w a t e r . I t 
b u m s in a i r a t a r e d - h e a t ; a n d is eas i ly a t t a c k e d b y n i t r i c ac id , a n d b y fused 
a lka l i h y d r o x i d e . E . F . S m i t h a n d V. O b e r h o l t z e r f o u n d t h a t if t u n g s t e n is h e a t e d 
t o r ednes s in t h e v a p o u r of s u l p h u r monoch lo r ide , a r e d c rys ta l l ine s u b l i m a t e of 
t u n g s t e n OCtOChloroheptasulphide, W 2 S 7 C l 8 , is fo rmed . T h e u n s t a b l e p r o d u c t 
is cons idered t o be a complex OfW 2 S 3 Cl 4 w i t h 2S 2 Cl 2 . F o r t h e c o m p l e x WCl 4 -N 4 S 4 , 
vide supra, t u n g s t e n t e t r a c h l o r i d e . 
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313, 1861 ; Chem. News, 6.' 181, 1862 ; L. Storcli , Ber., 16. 2015, 1883 ; N . P a r r a v a n o a n d 
O. Malquori , Atti Accad. Lincei, (6), 7. 189, 1928 ; Gazz. Chim. ItaL, 58 . 279, 1928"; 
W . W. Coblentz, Scient. Papers U.S. Bur. Standards, 18. 586, 1922 ; Various Photoelectric 
Investigations. Washington , 596, 1 9 2 2 ; M. Picon, Compt. Rend., 189. 96, 1 9 2 9 ; Bull. Soc. 
Chim., (4), 45 . 907, 1929 ; J. W. Gruner , Amer. Jfin,., 14. 173, 470, 1929; F . Rodolico, Atti 
Accad. Lincei, (6), 7. 660, 1928. 

§ 24. The Tungsten Oxysulphides and Sulphates 
A series of o x y s u l p h o t u n g s t a t e s h a s b e e n r e p o r t e d b y J . J . Berze l ius , 1 a n d 

E . Corleis, b u t t h e y h a v e n o t been closely i n v e s t i g a t e d . T h e y inc lude t h e o x y t r i -
s u l p h o t u n g s t a t e s , R 2 W O S 3 , t h e d i o x y s u l p h o t u n g s t a t e s , R 2 W O 2 S 2 , a n d t h e 
t r i o x y s u l p h o t u n g s t a t e s , R 2 W O 3 S . T h e y a re o b t a i n e d b y t h e a c t i o n of h y d r o g e n 
su lph ide on t h e n o r m a l t u n g s t a t e s , a n d b y fusion of t h e n o r m a l t u n g s t a t e w i t h 
defini te p r o p o r t i o n s of s u l p h u r whi le p r o t e c t e d f rom air . W h e n a soln. of n o r m a l 
s u l p h o t u n g s t a t e is m i x e d w i t h a lcohol a n d e t h e r , a n d t r e a t e d w i t h hyd roch lo r i c 
ac id , t w o l aye r s of l iqu id a r e fo rmed. T h e e the rea l l a y e r is b r o w n , t h e a q . 
l a y e r is colourless a n d clear ; a n o x y s u l p h i d e u n d e r s imi la r cond i t i ons gives a 
co loured e the rea l l ayer , a n d a t u r b i d or m i l k y a q . l aye r . T h e n o r m a l s u l p h o -
t u n g s t a t e s d o n o t g ive a p r e c i p i t a t e w i t h zinc s u l p h a t e , while t h e o x y s u l p h o ­
t u n g s t a t e s g ive a p r e c i p i t a t e . T h e oxytrisulphotung states g ive a l emon-ye l low 
p r e c i p i t a t e w h i c h fo rms a r e d d i s h - b r o w n soln. w i t h hydroch lo r i c ac id ; t h e p r e ­
c i p i t a t e w i t h t h e dioxydisulphotung states is p a l e yel low, a n d wi th h y d r o c h l o r i c 
ac id , t h e l iqu id becomes c lear a n d t h e n depos i t s a d i r t y b lue p r e c i p i t a t e ; a n d 
t h e trioxysulphotungstates g ive a w h i t e p r e c i p i t a t e , so luble in hyd roch lo r i c ac id . 
Th i s soln. a f ter a t i m e depos i t s a w h i t e p r e c i p i t a t e w i t h a b lu i sh t i n g e . 
J . W . R e t g e r s sa id t h a t t h e i n t e r m e d i a t e s t ages b e t w e e n p o t a s s i u m t u n g s t a t e 
a n d s u l p h o t u n g s t a t e c a n n o t b e r e g a r d e d a s i s o m o r p h o u s w i t h t h e e n d - m e m b e r s 
of t h e ser ies , b u t t h e y a re selbstdndige chemische Verbindungen. 

A c c o r d i n g t o E . Corleis, p o t a s s i u m oxytr i su lphotungs ta te , K 2 W O S 3 . H 2 0 , is 
o b t a i n e d in q u a d r a t i c p l a t e s b y t h e p r o l o n g e d a c t i o n of h y d r o g e n su lph ide o n 
p o t a s s i u m t u n g s t a t e . I t d issolves freely i n w a t e r , de l iquesces in a d a m p 
a t m o s p h e r e , a n d effloresces in a d r y a t m . T h e soln . g ives a l emon-co lou red 
p r e c i p i t a t e w i t h z inc s u l p h a t e . T h e p r e c i p i t a t e w i t h z inc s u l p h a t e m a y b e zinc 
oxytrisulphotungstate. F . Rodo l i co p r e p a r e d m a g n e s i u m oxytrisulphotungfftate 
a s a c o m p l e x sa l t w i t h h e x a m e t h y l e n e t e t r a m i n e , M g W O S 8 - X . I G H 2 O . 

I f a n ac id be a d d e d t o a so ln . of a l ka l i t u n g s t a t e a n d s u l p h o t u n g s t a t e , 
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J . J . Berze l ius sa id t h a t a pa l e r e d d i s h - b r o w n p r e c i p i t a t e of t u n g s t e n d ioxysu lph ide , 
W O 2 S , is f o r m e d ; a n d C. Winss inge r a d d e d t h a t af ter t u n g s t e n t r i s u l p h i d e h a s 
been p r e c i p i t a t e d f rom i t s col loidal soln. , t h e r e m a i n i n g l emon-ye l low l iqu id c o n t a i n s 
t h e d i o x y d i s u l p h i d e . T h e i n d i v i d u a l i t y of t h e c o m p o u n d is n o t wel l -es tab l i shed . 

A c c o r d i n g t o E . Corleis, a m m o n i u m dioxydisu lphotungsta te , ( N H 4 J 2 W O 2 S 2 , 
is p r o d u c e d w h e n h y d r o g e n su lph ide is p a s s e d i n t o a filtered soln . of 10 g r m s . of 
h y d r a t e d t u n g s t i c t r i o x i d e in 40 c.c. of a q . a m m o n i a of sp . gr . 0 9 0 , a n d IO c.c. of 
w a t e r , u n t i l ye l low c ry s t a l s beg in t o a p p e a r , a n d af ter c rys ta l l i za t ion h a s ceased, 
wash ing t h e c rys t a l s success ively w i th a l i t t l e w a t e r , a lcohol , a n d e t h e r , a n d d r y i n g 
t h e m ove r ca l c ium chlor ide or p o t a s s i u m h y d r o x i d e . E . K a l k o w s k y sa id t h a t t h e 
yel low, t r ic l in ic p inaco ids h a v e t h e ax ia l r a t i o s a : b : c = O 7 6 0 : 1 : 0-339, a n d 
<x=90°, / 8 = 9 2 ° 10% a n d y = 9 0 ° . T h e ( O i l ) - a n d (021)-cleavages a r e c l e a r ; t h e r e 
is l a m e l l a r t w i n n i n g . E . Corleis f o u n d t h a t t h e c rys t a l s a r e n o t hygroscop ic ; 
t h e y a r e s t a b l e w h e n d r y , b u t d e c o m p o s e w h e n m o i s t . J . J . Berze l ius o b t a i n e d 
p o t a s s i u m d ioxydi su lphotungs ta te , K 2 W O 2 S 2 - H 2 O , b y me l t i ng a m i x t u r e of t h e 
n o r m a l p o t a s s i u m t u n g s t a t e a n d s u l p h u r in a cove red crucib le , e x t r a c t i n g w i t h 
w a t e r , a n d e v a p o r a t i n g t h e a q . soln . Lemon-ye l low , r e c t a n g u l a r p l a t e s a r e 
fo rmed . T h e s a l t c a n b e m e l t e d , o u t of c o n t a c t w i t h a i r , w i t h o u t decompos i t i on . 
I t is freely soluble in w a t e r . T h e l emon-ye l low a q . soln. is co loured r e d or r edd i sh -
ye l low b y ac ids , a n d i t g ives n o p r e c i p i t a t e w i t h a lcohol , or w i t h m a n g a n o u s sa l t s . 
F . Rodolico obtained a complex salt of magnesium dioxydisulphotungstate with 
h e x a m e t h y l e n e t e t r a m i n e , M g W S 2 O 2 . 2 X . 1 0 H 2 O . J . J . Berze l ius f o u n d t h a t t h e 
p o t a s s i u m sa l t f o rms w i t h a soln . of a l ead sa l t , a ye l lowish -b rown p r e c i p i t a t e 
of lead dioxydisulphotungstate, PbWO 2 S 2 . 

E . Corleis p r e p a r e d p o t a s s i u m tr ioxysu lphotungs ta te , K 2 W O 3 S . H 2 O , b y p a s s i n g 
h y d r o g e n su lph ide i n t o a cone . soln . of p o t a s s i u m t u n g s t a t e , u n t i l a s l ight yel low 
p r e c i p i t a t e is f o r m e d . T h e colourless , d e l i q u e s c e n t c ry s t a l s a r e depos i t ed w h e n 
t h e filtered soln . is m i x e d w i t h five t i m e s i t s vo l . of a lcohol . W i t h a n a q . soln. 
of t h e sa l t , z inc s u l p h a t e g ives a w h i t e p r e c i p i t a t e so luble in hyd roch lo r i c ac id . 
F . Rodo l i co o b t a i n e d a c o m p l e x s a l t of m a g n e s i u m tr ioxysu lphotungs ta te w i t h 
h e x a m e t h y l e n e t e t r a m i n e , M g W S O 3 . 2 X . 1OH 2 O. 

J . J . Berze l ius 2 o b t a i n e d a w h i t e p r e c i p i t a t e p r e s u m a b l y a m i x t u r e of t u n g s t e n 
t r i o x i d e , s u l p h u r i c ac id , a n d w a t e r w h e n cone , n i t r i c ac id a c t s o n t u n g s t e n 
t r i s u l p h i d e . I t is v e r y d o u b t f u l if t h e p r e c i p i t a t e c a n b e r e g a r d e d as a tungsten 
sulphate. A c c o r d i n g t o E . D . Des i , if t u n g s t e n be h e a t e d w i t h cone , su lphur i c 
ac id u n t i l t h e e v o l u t i o n of s u l p h u r d iox ide h a s ceased, a b lue p r e c i p i t a t e a n d a 
colour less soln. a r e fo rmed . If t h e c lear soln. be e v a p o r a t e d a b lack s u b s t a n c e of 
t h e c o m p o s i t i o n t u n g s t e n su lphato t l i ox ide , WO 3 .SO3, is fo rmed. T h e solid soln. 
of l e ad s u l p h a t e a n d t u n g s t a t e h a s been p rev ious ly discussed. 

R E F E R E N C E S . 
1 J. J . Berzelius, Ann. Phil., 3 . 245, 1814; Schuoeigger^ a Journ., 16. 476, 1816 ; Pogg. Ann., 

4. 147, 1825 ; 8. 267, 1826 ; Ann. Chim. Phys., (2), 17. 13, 1821 ; E . Corleis, Licbig's Ann., 
232. 261, 1886 ; Bull. Hoc. Chim., (2), 47. 190, 1887 ; Ueber die Schwejelverbindungen des Wolframs, 
Munchen, 1885 ; E . Kalkowsky, Ze.it. Krytst., 13. 32, 1888 ; J. W. Iietgers, Zeit. phys. Chem., 
10. 559, 1 8 9 2 ; F . Rodolico, Atti Accad. Lineei, (6), 7. 660, 1928; C. Winssinger, Bull. 80c. 
Chim., (2), 49. 452, 1888 ; Bull. AcaH. BeIg., (2), 15. 39O, 1838. 

a J . J . Berzelius, Ann. Phil., 3 . 245, 1814 ; Schweigger's Journ., 16. 476, 1816 ; JPogg. Ann., 
4. 147, 1825 ; 8. 267, 1826 ; Ann. Chim. Phys., (2), 17. 13, 1821 ; E . D . Desi, Journ. Arner. 
Chem. Soc., 19. 213, 1897. 

§ 25. Tungsten Carbonates and Nitrates 
N o tungsten carbonate h a s b e e n p r e p a r e d ; a n d s imi la r ly w i t h tungsten nitrate. 

J. C Q . de Marignac1 prepared ammonium nitratometatungstate, NH 4NO 3 . 
2 ( ( N H ^ ) 2 0 . 4 W O 3 . 2 H 2 O ) , b y e v a p o r a t i n g a m i x e d , filtered soln. of a m m o n i u m 
p a r a t u n g s t a t e a n d n i t r i c ac id , o r a m i x e d soln. of a m m o n i u m m e t a t u n g s t a t e a n d 
n i t r a t e . T h e h e x a g o n a l c rys t a l s lose half t h e i r w a t e r a t 100° ; a n d w h e n h e a t e d 
d e c r e p i t a t e a n d d e c o m p o s e w i t h o u t m e l t i n g . J . J . Berze l ius s a t u r a t e d a m i x e d 
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soln. of p o t a s s i u m t u n g s t a t e a n d n i t r a t e w i t h h y d r o g e n su lph ide , a n d o b t a i n e d 
r u b y - r e d c rys t a l s of po tas s ium n i t ra tosu lphotungs ta te , K N 0 3 . 2 K 2 W S 4 . T h e y 
exp lode w h e n h e a t e d j u s t as t h e y beg in t o m e l t , f o r m i n g p o t a s s i u m t u n g s t a t e , a n d 
s u l p h o t u n g s t a t e , a n d t u n g s t e n b i su lph ide . W i t h s u l p h u r i c o r h y d r o c h l o r i c ac id , 
h y d r o g e n su lph ide is evolved, a n d if h e a t e d , n i t r i c ox ide a lso is g iven off. T h e 
s a l t is soluble in wa te r , fo rming a deep r e d soln . , f rom w h i c h a lcohol p r e c i p i t a t e s 
t h e sa l t in c rys ta l l ine g ra ins . W h e n t h e soln . is t r e a t e d -with h y d r a t e d c o p p e r 
ox ide , copper su lph ide is p r e c i p i t a t e d a n d a soln . of copper n i t ra to tungs ta te i s 
fo rmed . Accord ing t o E . P e c h a r d , a h o t , m i x e d soln . of b a r i u m m e t a t u n g s t a t e 
a n d n i t r a t e furnishes on cooling ac icu la r c r y s t a l s of b a r i u m n i t r a t o m e t a t u n g s t a t e , 
2 B a ( N 0 3 ) 2 . B a 0 . 4 W 0 3 . 6 H 2 0 . T h e c r y s t a l s effloresce in a i r ; a n d t h e y a r e so luble 
in w a r m w a t e r w i t h p a r t i a l d e c o m p o s i t i o n . S. M. T a n a t a r a n d E . K u r o w s k y 
t r e a t e d a soln. of sod ium t u n g s t a t e w i t h b e r y l l i u m n i t r a t e a n d o b t a i n e d c o m p l e x e s of 
berylUum ni tratometatungstate , of v a r i a b l e compos i t i on , B e 0 . m B e ( N 0 3 ) 2 . w B e W 0 4 , 
soluble in acids . H . C o p a u x desc r ibed m e r c u r o u s n i t ra tometa tungs ta te—v ide 
supra, m e r c u r y m e t a t u n g s t a t e s ; a n d A . R o s e n h e i m a n d F . Ivohn , V. F o r c h e r , 
a n d E . F . S m i t h , lead n i t ra tometatungs ta te—v ide supra, l e ad m e t a t u n g s t a t e s , 
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§ 26. Phosphotungstic Acids.—Phospbatotungstic Acids and their Salts 
T u n g s t e n t r iox ide was f o u n d b y F . d e Carl i 1 t o b e h a v e l ike m o l y b d e n u m t r i o x i d e 

w h e n a d m i x e d w i t h s o d i u m m e t a p h o s p h a t e . T h e fusion c u r v e h a s t w o m i n i m a 
a n d a m a x i m u m a t 850° co r r e spond ing w i t h s o d i u m t u n g s t a t o m e t a p h o s p l i a t e , 
N a P O 3 - W O 3 , or N a . O . W O 2 . 0 . P O o . T h e first m i n i m u m is a t 350° c o r r e s p o n d i n g 
w i t h 3O per cen t , of s o d i u m m e t a p h o s p h a t e . 

T h e h i s to ry of t h e t u n g s t e n p h o s p h a t e s c o m m e n c e s in 1872 w h e n C. Sche ib le r 2 

obse rved t h a t a soln. of s o d i u m t u n g s t a t e c o n t a i n i n g p h o s p h o r i c ac id is ab l e t o 
p r e c i p i t a t e ce r t a in o rgan ic c o m p o u n d s ; a n d i so la t ed t w o ac ids -which c o n t a i n e d , 
a s h e supposed , P2O5 : W O 2 i n t h e r a t i o s 1 : 22 a n d 1 : 20 r e spec t ive ly . T h e b a r i u m 
s a l t i n t h e first case w a s d e r i v e d f rom t h e n o r m a l s o d i u m t u n g s t a t e a n d in t h e 
second case f rom t h e p a r a t u n g s t a t e . E . Z e t t n o w r e p o r t e d a n u m b e r of s a l t s 
of t h e s e ac ids . O. W . G i b b s s u g g e s t e d t h a t t h e second ac id h a s t h e f o r m u l a 
H 1 6 P 2 W 2 I O 7 3 ^ H 2 O , a n d h e p o s t u l a t e d t h e ex i s t ence of s ix series of t h e s e ac ids i n 
w h i c h 24 , 22, 20, 18, 16, a n d 14 mo l s . of W O 3 a r e p r e s e n t p e r m o l . of P 2 O 6 . A c i d s 
co r r e spond ing w i t h all t h e m e m b e r s of t h e series h a v e n o t b e e n p r e p a r e d , a n d o t h e r 
ac ids c o n t a i n i n g less t u n g s t i c ac id h a v e b e e n r e p o r t e d . T h e gene ra l r e s u l t of t h e 
w o r k o n t he se phosphato tungs t i c ac ids i s t o s h o w t h a t t h e y a r e h e t e r o p o l y - a c i d s 
closely ana logous w i t h t h e p h o s p h a t o m o l y b d i c ac ids . T h e following p h o s p h a t o -
t u n g s t i c ac ids h a v e b e e n r e p o r t e d , a l t h o u g h t h e i r c l a ims for r ecogn i t i on a s chemica l 
i n d i v i d u a l s h a v e n o t , in all cases , b e e n e s t a b l i s h e d 

Pliosphatododecatungstic acid. . 
Phosphatoh-enatungstic acid 
Phosph.atohemilieiiioosit\iiigstic acid . 
Phosph&todecatuxigstic acid 
Phosphatoenneatuiigstic acid 
Phospnatohemiheptadecatungst ic acid 
PhoBphatoctotungstic acid 
Phosphatohexatungst ic acid 
Phosphatolierniheptatungetic acid 
Phosphatotr i tungst io acid . . 

P a 0 6 . 2 4 W 0 8 . n H 2 0 
P a 0 6 . 2 2 W 0 3 . n H 8 0 
P 2 O 6 . 2 1 W O 8 . 7 * : H : 2 O 
P a 0 5 . 2 0 W 0 3 . n H 2 0 
P 2 0 6 . 18W0 8 . r iH a O 
P a 0 8 . 1 7 W 0 8 . » H s O 
PaO5.l6WO3.nH3O 
P 8 0 B . 1 2 W 0 8 . n H 9 0 
P a 0 j . 7 W 0 8 . n H 8 O 
PiOft.eWOa.nH^O 
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T h e first n u m b e r of t h e series, phosphatododecatungs t i c ac id , P 2 0 5 . 2 4 W O 3 . WH2O, 
H 7 [ P ( W 2 O y ) 6 ] . ^ H 2 O , be longs t o a g r o u p of h e t e r o p o l y ac ids r e p r e s e n t e d b y 
H 7 [ P ( M o 2 0 7 ) 6 ] , H 7 [ A s ( M o 2 0 7 ) 6 ] , a n d H 7 [ A s ( W 2 0 7 ) 6 ] . Th i s ac id is t h a t c o m m o n l y 
u n d e r s t o o d a s phosphotungstic acid. T h e following m o d e of p r e p a r a t i o n is d u e t o 
P . K e h r m a n n : 

Phosphatododecatungs t i c acid is prepared b y dissolving 1OO grms. of normal sod ium 
tungs ta te and 15 grms. of crystal l ine sod ium hydrophosphate in a large proportion of 
boi l lng water ; and adding hydrochloric acid whi le the l iquid is v igorously stirred so t h a t 
the crystall ine powder w h i c h m a y separate is all d issolved b y the boi l ing water. A cone, 
soln. of 20 grms . of barium chloride is t h e n added t o the l iquid. The cold liquid is t h e n 
heated t o boil ing, and 10 grms . of bar ium chloride are added . The precipitated barium salt 
is washed w i t h cold water , a n d purified b y recrystal l ization from boil ing -water. T h e 
barium sal t in soln. is t h e n treated w i t h the calculated a m o u n t of s\ilphuric acid, and the 
filtrate evaporated for crystal l izat ion. 

K. Drechse l r e c o m m e n d e d t h e following process : 

Phosphatododecatungs t i c acid is obta ined b y dissolv ing 500 grins, of sod ium tungs ta te 
and 250 grms. of sod ium hydrophosphate in 500 c.c. of water , a n d evaporat ing t h e l iquid 
unti l a skin forms on the surface. 700 t o 800 c.c. of hydrochloric acid, of sp . gr. 1-14, are 
then added t o the boil ing soln. , w h i c h is aga in evaporated , a n d al lowed t o cool . The 
whole is gradual ly treated w i t h pure ether, be ing well shaken all t h e t ime , unt i l a layer is 
formed above the acid soln . I t is left unt i l t h e lower layer is clear, t h e n separated and 
treated w i t h a n equal vo l . of -water ; the ether i s t h e n evaporated ; if t h e soln. becomes 
bluish, chlorine-water is added . I t is evaporated t o dryness , d issolved in hot water ; 
an d on cooling, t h e acid separates in sp lendid crysta ls . 

T h e l i t e r a t u r e h a s a s t r a n g e l y indef ini te a n s w e r t o t h e ques t i on : W h a t h y d r a t e s 
a r e f o r m e d b y p h o s p h a t o d o d e c a t u n g s t i c a c id ? P . F . M. Sp renge r r e p o r t e d t h e 
19£-hydrate, f rom t h e soln. o b t a i n e d f rom si lver t u n g s t a t e m i x e d w i t h t h e ca lcu la t ed 
a m o u n t of p h o s p h o r i c ac id , a n d t r e a t e d w i t h h y d r o c h l o r i c ac id ; O. W . Gibbs , t h e 
20-hydrate, b y t r e a t i n g a soln. of p o t a s s i u m p h o s p h a t o e n n e a t u n g s t a t e w i t h mer -
c u r o u s n i t r a t e , a n d a f t e r w a r d s a d d i n g hyd roch lo r i c ac id ; M. Sobolefi5, t h e 22J -
hydrate, b y r a p i d l y cool ing a s u p e r s a t u r a t e d soln.—vide infra ; C H . B r a n d h o r s t 
a n d K . K r a u t , t h e 23J-hydrate, b y t r e a t i n g a soln. of 100 g r m s . of c rys ta l l ine sod ium 
p h o s p h a t o d o d e c a t u n g s t a t e i n 40 c.c. of w a t e r w i t h n i t r i c ac id of s p . gr . 1-5 ; 
O. W . G ibbs , t h e 26%-hydrate, b y e v a p o r a t i n g , in v a c u o , t h e l iqu id o b t a i n e d b y 
t r e a t i n g t h e m e r c u r o u s s a l t "with hyd roch lo r i c ac id ; a n d C. H . B r a n d h o r s t a n d 
K . K r a u t , b y a d d i n g h y d r o c h l o r i c ac id t o a soln. of t h e s o d i u m sal t , e x t r a c t i n g t h e 
ac id w i t h alcohol-free e the r , a n d e v a p o r a t i n g off t h e e t h e r ; E . P e c h a r d , t h e 29J -
hydrate, f rom a m i x t u r e of eq . p r o p o r t i o n s of p h o s p h o r i c a n d m e t a t u n g s t i c ac ids 
a n d e v a p o r a t i n g i n v a c u o ; a n d P . F . M. Sprenger , t h e 30%-hydrate, b y e v a p o r a t i n g 
t h e soln . o b t a i n e d b y t r e a t i n g t h e b a r i u m sa l t w i t h su lphu r i c a c i d — a n d a l i t t l e 
n i t r i c ac id—firs t on a w a t e r - b a t h a n d a f t e r w a r d s i n v a c u o ; a n d O. W . Gibbs , 
b y e v a p o r a t i n g a n a q . soln. of t h e ac id in v a c u o over su lphur i c ac id . W i t h t h e 
co -o rd ina t ion fo rmu la H 7 [ P ( W 2 0 7 ) 6 ] . n H 2 0 , these h y d r a t e s co r r e spond w i t h "n = 16, 
16J , 19, 20 , 2 3 , 26 , a n d 27 . 

H . C o p a u x c o n c l u d e d t h a t t h e r e a r e on ly t h e t h r e e h y d r a t e s of t h e 
H 7 [ P ( W 2 O 7 ) 6 ] - a c i d , viz., (i) t h e 27£-hydrate w h i c h s e p a r a t e s in o c t a h e d r a f rom 
cone . a q . soln . a t a b o u t 35° ; (ii) t h e 22-hydrate wh ich s e p a r a t e s f rom a h o t , 
s a t . soln. acidified w i t h a l i t t l e n i t r i c ac id , a n d r ap id ly cooled ; a n d (iii) t h e 
19-hydrate which crys ta l l izes f rom a cold soln. s t r o n g l y acidified w i t h n i t r i c ac id . 
A . R o s e n h e i m a n d J . J a n i c k e f o u n d t h a t w h e n a cone . a q . soln. is c rys ta l l ized 
a t o r d i n a r y t e m p . , t h e octocosihydrate, H 7 [ P ( W 2 O 7 J 6 ] . 2 8 H 2 O , i.e. P 2 0 5 . 2 4 W 0 3 . 
6 3 H 2 O , is fo rmed , i n o c t a h e d r a l c ry s t a l s . Th i s h y d r a t e is p r o b a b l y t h e s a m e a s 
t h e 2 7 £ - h y d r a t e of H . C o p a u x , a n d i t is u n s t a b l e a t o r d i n a r y t e m p , a n d r ead i ly 
passes i n t o t r i g o n a l c rys t a l s of t h e docosihydrate, H 7 [ P ( W 2 O 7 ) 6 ] . 2 2 H 2 0 , i.e. 
P 2 0 5 . 2 4 W 0 3 . 5 1 H 2 0 . Th i s h y d r a t e , a lso o b t a i n e d b y H . Copaux , is depos i t ed 
a t o r d i n a r y t e m p , f rom soln . feebly acidified w i t h n i t r i c acid . T h e octocosi­
h y d r a t e loses 2 4 H 2 O in v a c u o o v e r su lphur i c ac id a t r o o m t e m p . , a n d t h e docosi-
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hydrate loses i ts 22H 2 O under similar condit ions. The transit ion t e m p , be tween 
these t w o hydrates is assumed to be somewhere below 0° . If t h e a< .̂ soln. b e 
strongly acidified with nitric acid, the enneadecahydrate, H 7 [ P ( W 2 O y ) 6 ] . 1 9 H 2 O , 
i.e. P2O5.24WO3.45H2O, is formed. This is probably the hydrate prepared b y 
H . Copaux, and M. SobolefT. 

In agreement with the fact t h a t m a n y of the metal salts h a v e the general 
formula 113'PW12O40WH2O, M. Soboieff represented the acid b y t h e formula 
H 3 P O 4 . 1 2 W 0 3 . 2 1 H 2 0 , to indicate that the acid is tribasic ; and P . F . M. Sprenger 
employed the formula P O ( O . W 0 2 . O . W 0 2 . O . W 0 2 . O . W 0 2 . O H ) 3 . A . Rosenhe im, 
and R. Haberle showed that the eq. conduct iv i ty of the guanidinium salt agrees 
better with the assumption t h a t the acid is heptabasic rather t h a n tribasic. 
A. Rosenheim and J. Janicke found t h a t t h e acid dried in v a c u o over sulphuric 
acid has the composit ion P 2 0 6 . 2 4 W 0 3 . 7 H 2 0 . Al l this supports the hypothes i s 
t h a t the formula for the acid is H 7 [ P ( W 2 0 7 ) 6 ] . ^ H 2 0 . A. Miolati and R. Pizzigheli 
measured the electrical conduct iv i ty of soln. of phosphatodecatungst ic acid (0-0473 
grm. H3PO4.i2WO3.7H2O per c.c.) and of sodium hydroxide ( 0 0 0 0 8 2 1 2 grm. 
N a O H per c.c.) at 25° when 1 c.c. of the N a O H soln. has 0-1304 mol of N a O H per 
mol of the acid. The curve has t w o breaks corresponding wi th H 3 PO 4 . 12WO 3 . 
7 H 2 O : N a O H = I : 6 and 1 : 26. This shows that phosphatododecatungst ic acid is 
a t least hexabasic . A. Rosenheim and J . Janicke's neutral ization curve also has a 
min imum with 6-1 mols . of N a O H per mol. of H 7 [ P ( W 2 0 7 ) 6 ] . n H 2 0 . If the formula 
H 7 [P(W 2 O 7 J 6 ] . r tH 2 0 be correct, the acid is probably heptabasic . This agrees 
with the gtianidinium salt, ( 0 N 3 H 6 ) 7 [ P ( W 2 O 7 ) 6 ] . 1 2 H 2 O , prepared b y A. Rosenhe im 
and J . Janicke b y adding guanidinium carbonate t o the free acid ; and this is in 
agreement wi th the conduct iv i ty data . Only acid or hydro-salts of the meta l s h a v e 
been prepared. The acid character of the salts is confirmed b y conduct iv i ty data . 
The break in the curve wi th 26 mols . of N a O H corresponds wi th the formation of 
the normal tungstate . L. Malaprade found t h a t in the electrometric neutralization 
of phosphotungst ic acid, the general behaviour is the same as in the case of phos-
phomolybdic acid, but the decomposit ion of the normal salt begins before an 
inflexion of the curve occurs. 

I t is no t easy t o identify the hydrates reported above w i t h those obta ined b y 
H . Copaux, and A. Rosenhe im and J. Janicke. The crystals are in all cases colour­
less or t inged pale yel low. O. W. Gibbs' and P . F . M. Sprenger's 30£-hydrate w a s 
described as forming colourless octahedra which rapidly effloresced in air. These 
crystals probably represent H . Copaux's, and A. Rosenhe im and J . Janicke's 
octocosihydrate . E . Pechard's crystals—possibly A. Rosenhe im and J . Janicke's 
and H . Copaux's docos ihydrate—measured b y E . Dufet , were said t o be cubic 
octahedral combinat ions of trigonal crystals wi th the axial ratio a : c = l : 1-2648, 
and C L = 8 8 ° 46' . M. SobolefFs crystals of presumably the 19^-hydrate were definitely 
s ta ted to belong to the cubic sys tem. H e said : 

T h e supersaturated so ln . , w h e n quick ly cooled, g ives ske le ton crystals be longing t o 
the regular s y s t e m , and t h e n wel l - formed cubes a n d octahedra ; the last form is t h e m o s t 
s table , a n d is a l w a y s obta ined on cool ing sa turated soln. , or b y prolonged crystal l izat ion 
in a desiccator. W h e n these octahedra are separated from the soln. , t h e y quick ly b e c o m e 
covered w i t h s ix-s ided stars , arranged parallel t o t h e edges of the octahedron, a n d t h e 
crystals break u p into n e w crystals w h i c h conta in less -water. T h e crystals of t h e second 
hydra te are obta ined b y crystal l iz ing a supersaturated so ln . in a thermos ta t a t 50° . 

The second hydrate furnishes rhombic crystals wi th the axial ratios a : b : c 
= 0-94207 : 1 : 1-96187, and wi th the optical character negat ive . W h e n the soln. i s 
quickly evaporated, long, th in needles are obta ined which act on polarized l ight. 
If these crystals had effloresced a l i t t le before analysis , they probably represented 
the enneadecahydrate of H . Copaux, and A. Rosenhe im and J. Janicke. The subject 
is s o m e w h a t confused because i t is lacking in precise data. M. Soboieff g a v e 4-68 
for the sp . gr. of, presumably, the enneadecahydrate ; a n d for the sp . gr. of sat , 
aq. soln. a t 0° , 1-189 ; a t 22", 1-6913 ; ** 43°? 1-8204' J ft»4 a t 92°, 2-5813. H e also 

H3PO4.i2WO3.7H2O
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found that soln. of 0-2983, 5-930, and 25-192 grms. of the acid in 100 c.c. of water 
lower the f.p. of water respectively 0 0 1 4 6 ° , 0-1360°, and 0-4710°. The depression 
with the complex acid was found to be much less than the sum of the effects of the 
components. At high concentrations, the difference is a constant, 0-023, but at 
low concentrations the difference is less 0*013. The acid lost 0-11 per cent., or 
4-09 mols. of water by efflorescence in air ; and at : 

Percentage loss . 
Mols lost . 

5 0 ° 

4-40 
15-3 

100° 
5*75 

20-1 

150° 
6-91 

24*3 

200° 
9-29 

3 4 1 

300° 
10-17 
37-3 

350° 
10-23 
37*4 

l i e d - h e a t 
12*42 
45 00 

The acid is freely soluble in water, and, as indicated above, the soln. have a 
large sp. gr. ; the solubility, S grms. of P 2 O 5 .2IWO 3 .45H 2 O, per 100 c.c. of water, 
is : 

0° 22° 43° 92° 
^ . . 16 -206 49*718 53*64 8 6 - 7 5 

while the solubility in ether, S grms. of P 2 O 5 .24WO 3 .45H 2 O per 100 c.c. of ether, is : 

S 
8 1 1 9 6 

7-8° 
8 5 - 3 2 7 

18-2° 
9 6 0 1 7 

24-2° 
1 0 1 - 3 4 8 

O. W. Gibbs found that the aq. soln. is a colourless oily liquid with a high index 
of refraction and it has an acidic and bitter taste ; it easily drives carbon dioxide 
from carbonates. When the aq. soln. has stood for a day, decomposition occurs, 
and a white, crystalline powder is precipitated. The same powder is always formed 
in the preparation of the acid. E . Drechsel found that the ethereal soln. can be 
mixed with alcohol in all proportions, and a soln. with equal vols, of ether and alcohol 
is not rendered turbid by one vol. of hydrochloric acid, but another vol. of the acid 
does render the soln. turbid. The ethereal soln. can be mixed with much water 
without becoming turbid. According to A. Miolati and R. Pizzigheli, with methyl 
orange as indicator, in the titration of the acid, 6 mols. of N a O H are consumed 
per mol. of acid H 7 [P (W 2 O 7 ) 6 J .nH 2 0 ; and with phenolphthalein as indicator, 26 
mols. of N a O H are consumed—vide supra. E . Brauer gave [H*] =0 -0041 for the 
hydrogen ion concentration of a 0*005A"-soln. of the acid. M. Soboleff found the 
electrical conductivity of the aq. soln. to be smaller than that of its components ; 
A. Rosenheim and J. Janicke found the electrical conductivity, A mhos, of soln. 
of I H 7 [ P ( W 2 0 7 ) 6 ] . 2 2 H 2 0 in v litres of water at 25° to be : 

16 
160-8 

3 2 
1 6 8 - 9 

6 4 
181-0 

1 2 8 
1 9 8 - 4 

2 5 6 
2 2 0 - 3 

5 1 2 
2 4 9 - 3 

1 0 2 4 
2 7 4 - 5 

T. G. y Arnal discussed the reactions of phosphotungstic acid with various salts. 
Phosphatododecatungstic, phosphododecatungstic, or simply phosphotungstic acid 
forms ammonium, alkali, alkaline earth, silver and 
mercurous salts of the type R 2O.P 2O 5 .24WO 3 . 
WH2O. According to F . Kehrmann and co­
workers, if the acid or a salt is mixed with a large 
excess of a strong base, the first decomposition 
product is a salt of the formula 7R 2O-P 2O 5 . 
2 2 W 0 3 . w H 2 0 , and a large excess produces tribasic 
phosphate, and dibasic tungstate, Fig. 51. Accord­
ing to O. W. Gibbs, the phosphatotungstates are 
only decomposed a little by hydrogen sulphide, 
and the reduction b y zinc is incomplete. Mer­
curous nitrate gives an almost complete precipi­
tation of the mercurous salt which is yellow, and 
almost insoluble in water, and sparingly soluble 
in dil. nitric acid. Owing to the low solubility 
of the potassium and ammonium salts, phosphotungstic acid could be used for 
their detection. Many alkaloids give almost insoluble more or less crystalline 
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F i Q . 5 1 . — N e u t r a l i z a t i o n C u r v e of 
P h o s p h a t o d o d e c a t u n g s t i c A c i d 
w i t h S o d i u m H y d r o x i d e , 
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p r e c i p i t a t e s . C. Sclieibler sa id t h a t b u l k y p r e c i p i t a t e s a r e o b t a i n e d w i t h l i qu ids 
c o n t a i n i n g j ^ a b ^ t h of s t r y c h n i n e , or ioo^0O~oth of q u i n i n e ; a n d h e sa id t h a t t h e 
ac id c a n b e u sed as a n a n t i d o t e t o po i son ing w i t h t h e o rgan ic bases . E g g - a l b u m e n 
also g ives a w h i t e p r e c i p i t a t e , a n d i t is acco rd ing ly u s e d a s a r e a g e n t for p r e ­
c i p i t a t i n g t h e s e s u b s t a n c e s . T h e b e h a v i o u r of p h o s p h o t u n g s t i c ac id or t h e p h o s -
p h o t u n g s t a t e s t o w a r d s v a r i o u s o rgan ic s u b s t a n c e s w a s e x a m i n e d b y C. Scheibler , 
E . W i n t e r s t e i n , E . Schulze a n d E . W i n t e r s t e i n , E . Wechs le r , L.. B l e i b t r e u , 
J . Sebel ien, A. v o n B a y e r a n d V. Villiger, F . Myl ius , H . More igne , Z. H . S k r a u p 
a n d co-workers , M. B a r b e r , H . a n d L . Pe l l e t , P . A. L e v e n e a n d W . A . B e a t t y , 
W . A. J a c o b s , Li. Gugl ia lmel l i , O. F o l i n a n d W . Den i s , C. F u n k a n d co -worke r s , 
J . C. D r u m m o n d , A. H e i d u s c h k a a n d L . Wolf, L . L e m a t t e a n d co-workers , e t c . 
T h e ac id g ives w h i t e p r e c i p i t a t e s w i t h s u b s t a n c e s c o n t a i n i n g u r e a , a n d is u s e d 
a s a c lar i fying a g e n t i n u r i n e a n a l y s i s — B . Opp le r , C. E . M a y , O. F o l i n a n d 
A. B . M a c a l l u m , a n d C. F u n k a n d A. B . M a c a l l u m . T h e ac id is a lso u s e d for 
p r e c i p i t a t i n g p e p t o n e s , a n d for s e p a r a t i n g t h e m f rom ac id a m i d o - c o m p o u n d s — 
A. S t u t z e r , S. B o n d z y n s k y , A. Viv ian , a n d L . L . v a n S lyke a n d E . B . H a r t . 

O. W. Gibbs prepared ammonium phosphatododecatungstate, 3(NH 4 ) 2 0. 
P 2 0 5 . 2 4 W O 3 . 2 9 H 2 O , or ( N H ^ B ^ P C W 2 O 7 ) 6 ] . 1 2 J H 2 O , in w h i t e or p a l e ye l low 
c rys ta l s , b y m i x i n g a so lub le a m m o n i u m s a l t w i t h a soln . of m i x e d s o d i u m t u n g s t a t e 
a n d h y d r o p h o s p h a t e , a n d a d d i n g a n excess of n i t r i c o r h y d r o c h l o r i c ac id . F . K e h r -
i n a n n a d d e d a so luble a m m o n i u m s a l t t o a di l . soln . of t h e ac id or a sa l t . 
F . K e h r m a n n a n d E . B o h m f o u n d t h a t t h i s s a l t is a lso f o r m e d w h e n a m m o n i u m 
p h o s p h a t o h e m i h e p t a d e c a t u n g s t a t e is t r e a t e d w i t h di l . h y d r o c h l o r i c ac id . 

O. W . G i b b s m a d e s o d i u m h y d r o p h o s p h a t o d o d e c a t u n g s t a t e , 2 N a 2 O - P 2 O 6 . 
2 4 W 0 3 . 2 7 H 2 0 , or N a 2 H 5 [ P ( W 2 O 7 J 6 ] . H H 2 O , b y a d d i n g a n excess of h y d r o c h l o r i c 
or n i t r i c ac id t o a soln. of 12 m o l s . of s o d i u m t u n g s t a t e a n d one m o l . of s o d i u m 
h y d r o p h o s p h a t e ; a n d C. H . B r a n d h o r s t a n d K . K r a u t , u s e d t h e fol lowing p rocess : 

750 grms . of hydrochloric acid, of sp . gr. 1-175, d i luted w i t h 4 vols , of water , were s lowly 
added , w i t h stirring, t o a so ln . of a k i logram of s o d i u m t u n g s t a t e a n d 100 grms . of s o d i u m 
hydrophosphate i n 4 l itres of water , a n d t h e soln . evapora ted t o dryness . 2J- l i tres of a 
mix ture of equal vo l s , of a lcohol a n d ether i s poured over t h e m i x t u r e , a n d after 24 hrs . , 
t h e s o d i u m chloride is filtered off, a n d the filtrate dist i l led. T h e residue is t rea ted w i t h a 
litre of water a n d w a r m e d w i t h bromine-water or nitric ac id a n d a l lowed t o s t a n d . The 
clear soln. is evaporated for crystal l izat ion, a n d recrystal l ized from water . 

T h e la rge , colour less or pa l e ye l low c r y s t a l s a r e e i the r monoc l in ic or t r ic l in ic , 
a n d , acco rd ing t o C. H . B r a n d h o r s t a n d K.. .Krau t , h a v e a s p . g r . 4-722. T h e s a l t 
is freely so luble in w a t e r , a n d a t 20° , t h e s p . gr . of t h e soln . w i t h t h e fol lowing 
p r o p o r t i o n s of t h e a n h y d r o u s sa l t , a r e : 

5 15 25 35 45 55 
S p . gr. . 1 0 4 4 1 1 4 3 1-262 1-414 1-613 1-872 

T h e sa l t is m o r e so luble in a lcohol t h a n i t is i n w a t e r . T h e a q . soln . , s a id 
O. W : Gibbs , g ives a w h i t e , c rys ta l l ine p r e c i p i t a t e w i t h s i lver n i t r a t e ; a n d p r e ­
c i p i t a t e s w i t h b a r i u m chlor ide , a n d a m m o n i u m n i t r a t e a f te r s t a n d i n g s o m e t i m e . 
W i t h sufficient s o d i u m c a r b o n a t e t h e s a l t is r e so lved i n t o n o r m a l s o d i u m t u n g s t a t e 
a n d p h o s p h a t e . 

F . K e h r m a n n a n d co-workers p r e p a r e d s o d i u m p h o s p h a t o d o d e c a t u n g s t a t e , 
3 N a 2 O . P 2 O 6 . 2 4 W O 3 . ^ H 2 O , a s desc r ibed a b o v e i n c o n n e c t i o n w i t h t h e a d d i t i o n 
of b a r i u m chlor ide , is r ec rys ta l l i zed f rom boi l ing w a t e r a n u m b e r of t i m e s . T h i s 
is one of t h e sa l t s p r e p a r e d b y C. Sche ib le r—v ide supra. F . K e h r m a n n a n d 
co -worke r s s h o w e d t h a t if a h o t , s a t . soln. b e cooled, i t fu rn i shes colour less , 
o c t a h e d r a l c ry s t a l s w i t h c u b e faces of t h e enneadecahydrate9 N a 8 H 4 [ P ( W 2 O 7 ) 6 ] . 
1 9 H 2 O . T h e c ry s t a l s r e a d i l y effloresce i n a i r , a n d t h e s a l t is v e r y so lub le i n w a t e r . 
Soln . s a t . a t 0 ° , 22° , a n d 93° were f o u n d b y M. SobolefE t o d isso lve r e spec t ive ly 
22-04, 59*65, a n d 98-184 g r m s . of t h e c rys ta l l i zed ac id p e r 100 c.c. of w a t e r . 
F . , K e h r m a n n found t h a t t h e s a l t i s less so lub le i n h y d r o c h l o r i c ac id , a n d in soln . 
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of s o d i u m chlor ide . F . K e h r m a n n a n d oo-workers f o u n d t h a t if t h e p r e c e d i n g 
h y d r a t e b e a l lowed t o s t a n d i n t h e co ld m o t h e r - l i q u o r , i t s lowly dissolves, a n d 
t h e soln. depos i t s colour less p l a t e s w h i c h M. SobolefE found t o b e t h e t r i d e c a h y d r a t e , 
N a 3 H 4 [ P ( W 2 O 7 ) C ] - I S H 2 O , a n d t o b e t r ic l in ic p i n a c o i d s w i t h t h e ax ia l r a t i o s 
a, ib: c = l - 0 8 7 5 : 1 : 2-0814, a n d a = 8 5 ° 2 1 / , £ = 9 5 ° 2 8 ' , a n d y = 8 7 ° 41-5 ' . T h e 
s a m e h y d r a t e is o b t a i n e d b y k e e p i n g a c o n e . so ln . a t a t e m p , be low 50° . Accord ing 
t o C. H . B r a n d h o r s t a n d K . K r a u t , if a n a q . so ln . of t h e h y d r o p h o s p h a t o d o d e c a -
t u n g s t a t e b e s h a k e n w i t h e t h e r , t h e enneahydrate, N a 3 H 4 [ P ( W 2 O y ) 6 ] ^ H 2 O , is 
fo rmed as a w h i t e p o w d e r . E . H a r t m a n n p r e p a r e d sodium, phosphatododeca-
tungstalomolybdate, 3 N a 2 O . P 2 O 5 . 2 4 ( M o O 3 , W O 3 ) . J i H 2 O . Accord ing t o F . K e h r m a n n , 
p o t a s s i u m p h o s p h a t o d o d e c a t u n g s t a t e , K 3 H 4 [ P ( W 2 0 7 ) 6 ] . n H 2 0 , is f o r m e d w h e n a 
so luble p o t a s s i u m s a l t is a d d e d t o a di l . so ln . of t h e ac id or a so luble sa l t . 
O. W . G i b b s o b t a i n e d t h e hemiheptahydrate or t h e hemitridecahydrate b y d o u b l e 
d e c o m p o s i t i o n w i t h a so lub le p o t a s s i u m sa l t , a n d t h e s o d i u m sa l t , or , a s i n t h e 
a n a l o g o u s case of t h e s o d i u m sa l t , b y a d d i n g h y d r o c h l o r i c o r n i t r i c ac id t o a m i x e d 
soln . of p o t a s s i u m p h o s p h a t e a n d t u n g s t a t e . O. W . G i b b s p r e p a r e d a sa l t , 
4 K 2 O . P 2 O 6 . 2 4 W O 3 . 2 0 H 2 O , from a soln. of m e t a p h o s p h o r i c ac id a n d p o t a s s i u m 
p e n t a t u n g s t a t e . P . F . M. Sprenger , a n d F . K e h r m a n n p r e p a r e d copper p h o s p h a t o d o ­
deca tungs ta te , C u 3 { H 4 [ P ( W 2 0 7 ) 6 ] } 2 . 5 4 H 2 0 , b y t r e a t i n g c o p p e r c a r b o n a t e w i t h t h e 
ca l cu l a t ed q u a n t i t y of t h e ac id , a n d e v a p o r a t i n g t h e c lear soln. in v a c u o . T h e g r e e n , 
cub ic c rys t a l s a r e freely soluble in w a t e r . P . F . M. S p r e n g e r , a n d F . K e h r m a n n 
also prepared silver phosphatododecatungstate, Ag3H4[P(W2O7J6] .26H2O, by 
a d d i n g s i lver n i t r a t e t o a di l . soln . of t h e ac id . T h e w h i t e p o w d e r is s p a r i n g l y 
soluble i n w a t e r . P . F . M. S p r e n g e r r e p o r t e d b a r i u m h y d r o p h o s p h a t o d o d e c a -
t u n g s t a t e , B a { H 6 [ P ( W 2 0 7 ) 6 ] } 2 . 5 4 H 2 0 , b y e v a p o r a t i n g a soln. of t h e c a l c u l a t e d 
q u a n t i t y of b a r i u m c a r b o n a t e in t h e ac id ; a n d B a H 5 [ P ( W 2 O 7 J 6 ] . 2 7 H 2 O in a 
s imi la r m a n n e r ; whi le O. W . G i b b s p r e p a r e d b a r i u m p h o s p h a t o d o d e c a t u n g s t a t e , 
B a 3 { H 4 [ P ( W 2 0 7 ) 6 ] } 2 . 4 2 H 2 O r w h i c h is p r o d u c e d b y t h e a c t i o n of b a r i u m ch lor ide on a 
soln . of t h e s o d i u m sa l t . T h e dotessaracontahydrate fo rms colourless , o c t a h e d r a l c r y s ­
t a l s w h i c h r a p i d l y effloresce, a n d a r e v e r y soluble i n h o t w a t e r ; F . K e h r m a n n a n d 
CO-workers a lso p r e p a r e d rh i s sa l t . M. SobolefE o b t a i n e d t h e tetratessaracontahydrate, 
JBa 3 {H 4 [P(W 2 O 7 ) 0 )} 2 .44H 2 O, in o c t a h e d r a l c rys t a l s , a n d P . F . M. S p r e n g e r a lso p r e ­
p a r e d t h e tetrapentecontahydrate, B a 3 { H 4 [ P ( W 2 0 7 ) 6 ] } 2 . 5 4 H 2 0 , in cub ic c rys t a l s . 
C. H . B r a n d h o r s t a n d K . K r a u t o b t a i n e d s o d i u m b a r i u m p h o s p h a t o d o d e c a t u n g ­
s t a t e , N a B a H 4 [ P ( W 2 O 7 J 6 ] . 2 2 H 2 O , b y t r e a t i n g a co ld soln . of s o d i u m h y d r o -
p h o s p h a t o d o d e c a t u n g s t a t e w i t h f reshly p r e c i p i t a t e d b a r i u m c a r b o n a t e , a n d a d d i n g 
a lcohol t o t h e c lear soln. T h e t u r b i d soln . f o r m e d b y w a t e r becomes c lear on t h e 
a d d i t i o n of h y d r o c h l o r i c ac id . F . K e h r m a n n a n d M. F r e i n k e l o b t a i n e d yel low 
p r i s m s of s i lve r b a r i u m p h o s p h a t o d o d e c a t u n g s t a t e , b y a d d i n g si lver n i t r a t e t o a 
soln. of a m m o n i u m b a r i u m p h o s p h a t o d o d e c a t u n g s t a t e . O. W . G ibbs a d d e d 
m e r c u r o u s n i t r a t e t o a soln. of 24 mol s . of s o d i u m t u n g s t a t e , a n d 2 mols . of sod ium 
h y d r o p h o s p h a t e , acidified w i t h n i t r i c ac id , a n d o b t a i n e d a yel low p r e c i p i t a t e of 
mercurOUS p h o s p h a t o d o d e c a t u n g s t a t e , w h i c h is inso luble in w a t e r , a n d s l ight ly 
so luble in di l . n i t r i c ac id . H . C o p a u x sa id t h a t t h e c o m p o s i t i o n is n o t c o n s t a n t , 
b u t va r i e s w i t h t h e m o d e of p r e p a r a t i o n . F . K e h r m a n n p r e p a r e d m e r c u r i c 
phosphatododeca tungs ta te , 3 H g O . P 2 0 5 . 2 4 W 0 3 . n H 2 0 , freely soluble in wa te r , a n d 
lead phosphatododecatungstate, 3PbO.P 2 0 5 . 24WO^nH 2 O. 

O. W . G i b b s f o u n d t h a t a boi l ing soln . of s o d i u m p h o s p h a t o d o d e c a t u n g s t a t e 
r e a d i l y dissolves p l a t i n i c h y d r o x i d e fo rming a n o r a n g e l iqu id , wh ich , w h e n filtered 
a n d e v a p o r a t e d , furn ishes o r a n g e c ry s t a l s of, p r e s u m a b l y , p l a t i n i c p h o s p h a t o ­
d o d e c a t u n g s t a t e . A m m o n i u m ch lor ide p r e c i p i t a t e s o r a n g e yel low c rys ta l s f rom 
t h e s o l n . — p r e s u m a b l y a m m o n i u m p la t in ic phosphatododecatungs ta te . 

P . F . M. S p r e n g e r r e p o r t e d t h a t h e h a d o b t a i n e d a soln. of p h o s p h a t o h e n a -
tungs t i c acid, P 2 0 5 . 2 2 W 0 3 . * i H 2 0 , b y t h e a c t i o n of di l . su lphur i c ac id on t h e b a r i u m 
sa l t . T h e ac id itself, h o w e v e r , h a s n o t b e e n i so la ted . S t r o n g mine ra l ac ids 
d e c o m p o s e t h e s a l t s i n t o t h e p h o s p h a t o d o d e c a t u n g s t a t e s a n d t h e p h o s p h a t o -
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h e m i h e n a c o s i t u n g s t a t e , a n d A. R o s e n h e i m a n d J . J a n i c k e sugges ted t h a t t h e 
molecule h a s t w o nuclei H 7 [ P ( O H ) ( W 2 0 7 ) 5 ] l inked b y a b i v a l e n t W 2 0 7 - b r i d g e , 
t h u s : 

H 7 L P ( O H ) ( W 2 0 7 ) f i h W a O H ( W 4 0 7 ) 6 ( O H ) P ] H 7 - n H 2 0 , 

B y t r e a t i n g b a r i u m p h o s p h a t o h e m i h e p t a t u n g s t a t e w i t h su lphu r i c ac id , 
C. Scheibler ob t a ined a n ac id wh ich h e r ep re sen t ed b y t h e f o r m u l a 
H1 1PW1 1O4 3 .18H2O. O. W. Gibbs reported ammonium phosphatoheimtungstate, 
3 ( N H 4 ) 3 0 . P 2 0 5 . 2 2 W 0 3 . 2 1 H 2 0 , t o b e fo rmed f rom a m i x t u r e of s o d i u m t u n g s t a t e 
a n d h y d r o p h o s p h a t e , a m m o n i u m n i t r a t e , a n d a n excess of hydroch lo r i c ac id . 
T h e colourless c rys ta l s a re freely soluble i n cold wa te r , a n d p a r t i a l l y soluble in 
h o t w a t e r t o form a t u r b i d l iquid. T h e p rope r t i e s of t h e sa l t a re , in gene ra l , 
l ike those of t h e p h o s p h a t o d o d e c a m o l y b d a t e . Th i s m a y be a p h o s p h a t o d o d e c a ­
t u n g s t a t e . F . K e h r m a n n p r e p a r e d t h e a m m o n i u m sal t , 7 ( N H 4 ) 2 O . P 2 0 5 . 2 2 W 0 3 . 
^ H 2 O , b y add ing a n excess of a m m o n i u m c a r b o n a t e t o a boi l ing cone . soln. 
of a m m o n i u m p h o s p h a t o d o d e c a t u n g s t a t e so long a s effervescence occurs . O n 
cooling, oc t ahed ra l c rys ta l s a re ob ta ined , v e r y soluble in w a t e r . T h e s a l t c a n b e 
purif ied b y recrys ta l l iza t ion from wa te r , acidified w i t h ace t ic ac id . O. W . G i b b s 
p r e p a r e d s od ium phosphatohenatungstate , 2 N a 2 O . P 2 O 5 . 2 2 W 0 3 . 9 H 2 0 , b y a d d i n g 
a n excess of hydrochlor ic or n i t r i c ac id t o a soln. of 24 mols . of s o d i u m t u n g s t a t e , 
a n d a mo l . of sod ium h y d r o p h o s p h a t e . T h e w h i t e , c rys ta l l ine p o w d e r is spa r ing ly 
soluble in w a t e r . Th i s m a y be a p h o s p h a t o d o d e c a t u n g s t a t e . W h e n t h e b a r i u m 
sa l t is t r e a t e d w i t h sod ium su lpha te , F . K e h r m a n n a n d co-workers found t h a t t h e 
filtered soln. , on evapora t i on , furnishes ac icu lar c rys ta l s of 7 N a 2 O . P 2 O 6 . 2 2 W O 3 . 
3 3 H 2 O . O. W . Gibbs a d d e d hydroch lo r i c or n i t r i c ac id t o a soln. of p o t a s s i u m 
p h o s p h a t o e n n e a t u n g s t a t e , w h e n po tas s ium phosphatohenatungs ta te , 2 K 2 O - P 2 O 6 . 
22WO 3 -GH 2 O, w a s formed as a wh i t e p r ec ip i t a t e v e r y soluble in w a t e r . Th i s m a y 
be a p h o s p h a t o d o d e c a t u n g s t a t e . F . K e h r m a n n a n d co-workers p r e p a r e d 
7 K 2 O . P 2 O 6 . 2 2 W O 8 . 3 1 H 2 O , b y t h e process u sed for t h e a m m o n i u m sa l t . L . D u p a r c 
a n d !F. P e a r c e found t h e ax ia l r a t i o of t h e colourless, t e t r a g o n a l c rys t a l s t o b e 
a : c=l : 0*6053. Accord ing t o F . K e h r m a n n a n d co-workers , t h e sa l t is r e a d i l y 
soluble in h o t or cold wa te r , b u t insoluble in a lcohol . Crys ta l l ine doub l e s a l t s 
a r e o b t a i n e d w h e n sa l t s of t h e h e a v y m e t a l s a re a d d e d t o i t s cone . a q . soln. T h e 
genera l fo rmula is ( 7 — m ) K 2 0 . m K O . P 2 0 5 . 2 2 W 0 3 . n H 2 0 . T h e sa l t s a r e r e a d i l y 
b r o k e n d o w n i n t o s impler p h o s p h a t o t u n g s t a t e s — v i d e infra, O. W . G ibbs o b t a i n e d 
bar ium phosphatohenatungs ta te , 4 B a O . P 2 0 5 . 2 2 W 0 3 . 4 : l H 2 0 , b y neu t r a l i z i ng 
w i t h acet ic ac id a m i x e d soln. of 24 mols . of sod ium t u n g s t a t e a n d 2 mols . of s o d i u m 
h y d r o p h o s p h a t e , a n d a d d i n g b a r i u m chlor ide . T h e p r i s m a t i c c rys t a l s a r e soluble 
in h o t w a t e r ; a n d t h e h o t a q . soln. depos i t s needle-l ike c ry s t a l s o n cooling* 
P . F . M. Sprenge r o b t a i n e d doubly- re f rac t ing needles of t h e sa l t 7 B a O . P 2 0 6 2 2 W 0 3 * 
5 9 ' 5 H 2 O , b y a d d i n g t o a soln. of p h o s p h a t o d o d e c a t u n g s t i c ac id t o excess 
of b a r i u m h y d r o x i d e , a n d e v a p o r a t i n g t h e clear f i l t ra te . F . K e h r m a n n a n d 
co-workers p r e p a r e d t h e sa l t 7 B a O . P 2 O 5 . 2 2 W 0 3 . 5 3 H 2 0 b y a d d i n g p o w d e r e d 
b a r i u m c a r b o n a t e t o a boi l ing, cone . soln. of b a r i u m p h o s p h a t o d o d e c a t u n g s t a t e 
so long a s effervescence occurs . O n cooling, t h e sa l t s e p a r a t e s i n o c t a h e d r a ; 
a n d i t c a n b e purified b y c rys ta l l i za t ion f rom w a t e r acidified w i t h ace t i c ac id . 
If b a r i u m chlor ide is a d d e d t o t h e p o t a s s i u m sal t , o c t a h e d r a l c ry s t a l s of p o t a s s i u m 
b a r i u m phosphatohenatungs ta te , 2 K 2 0 . 5 B a O . P 2 0 5 . 2 2 W 0 3 . 4 : 8 H 2 0 , a r e f o r m e d ; 
t h e a c t i o n of si lver n i t r a t e o n a soln. of a m m o n i u m b a r i u m p h o s p h a t o h e n a t u n g s t a t e 
furnishes s i lver bar ium phosphatohenatungs ta te , 3 A g 2 0 . 4 B a 0 . P 2 O 6 . 2 2 W O 3 . 3 4 H s O . 
T h e y also p r e p a r e d po tas s ium mercur ic phosphatohenatungs ta te i n colour less , 
so luble n e e d l e s ; a n d bar ium mercuric phosphatohenatungs ta te , i n s p a r i n g l y 
so luble c rys t a l s . O. W . G i b b s r e p o r t e d w h i t e , c rys ta l l ine a m m n n i n m s t a n n i c 
phosphatohenatungs ta te , 2 ( N H 4 ) 2 0 . 2 S n 0 2 . P 2 0 6 . 2 2 W 0 3 . 1 5 H 2 0 . 

Accord ing t o F . K e h r m a n n a n d M. F re inke l , phogphatnhAiriiH^ni^^fri t^^gffti^ 
acid* P ^ O f t . 2 1 W O s . 3 3 H 2 0 , is p r o d u c e d a s follows : P o t a s s i u m p h o s p h a t o h e n a -
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tungstate is dissolved in a l itt le water, and, after adding an excess of dil. hydrochloric 
acid, the soln. is boiled and filtered from the potass ium phosphatododecatungstate . 
The nitrate s lowly deposi ts the potass ium salt of the required acid ; th i s is con­
verted into the a m m o n i u m salt b y the act ion of a m m o n i u m chloride, and the latter 
mixed into a m u s h wi th aqua regia, and the mixture boiled. The salt decomposes 
wi th the evolut ion of nitrogen, and the required acid separates from the soln. on 
cooling. The acid is also obta ined b y treating the barium salt w i th sulphuric acid ; 
on evaporation, phosphatododecatungst ic acid first separates, and the mother-l iquor 
yields a crop of hexagonal crystals of the required acid. I t is also obtained b y 
treating the potass ium salt with acid, and extract ion wi th ether. The acid forms 
colourless, four-sided prisms. I t is extremely soluble in water, and the aq. soln. 
can be boiled wi thout decomposi t ion ; b u t not so wi th a soln. of salts of the acid ; 
t h e y are decomposed. Soln. of the acid can be repeatedly evaporated wi th cone, 
hydrochloric or nitric acid w i thout decomposi t ion. Unl ike phosphatododeca­
tungst ic acid, potass ium and a m m o n i u m phosphatohemihenicos i tungstates are not 
sparingly soluble in water : and the colour, crystal form, and solubilities of the 
salts of phosphatoenneatungst ic acid, are v e r y different from those of the salt 
of phosphatohemihenioosi tungst ic acid. E . Brauer found t h a t the H"-ion cone, 
of 0005.Y-SoIn. of the acid is [H"J=0-0070. The structure of the acid has not 
been determined ; b u t the acid is v e r y probably more than sexibasic, for the 
salts of the t y p e 3K 2 O.P 2 O 5 . 21WO 3 .WH 2 O behave as if they were acid salts . 
This is supported b y the electrical conduct iv i ty of the potass ium salt which gives 
normal values on the assumpt ion t h a t i t is hexabas ic or heptabasic . Soln. wi th 
a n eq. of sal t— i .e . ^ ( 3 K 2 O . P 2 O 5 ^ l W O 3 - S l H 2 O ) in v l itres a t 25° have the 
conduct iv i t ies : 

v . 32 64 128 250 512 1024 
A . 166-8 184-2 202-2 226-3 254-1 285-2 mhos. 

If a t t e m p t s are made to prepare normal salts, the complex anion is broken down. 
F . K e h r m a n n and co-workers prepared a m m o n i u m p h o s p h a t o h e m i h e n i c o s i t u n g -
s ta te , 3 ( N H 4 ) 2 0 . P 2 O 5 . 2 1 W O 3 . n H 2 0 , b y adding a m m o n i u m chloride to a soln. 
of the potass ium salt , and repeat ing the precipitat ion from lukewarm soln. in dil. 
hydrochloric acid a number of t imes so as to get the salt free from potass ium salts . 
The s ix-s ided prisms are decomposed b y boiling water. The salt is sparingly 
soluble in cold water, but more soluble in h o t water ; i t is insoluble in a sat. soln. 
of a m m o n i u m chloride ; and soluble in alcohol. If a boiling, cone. soln. of 
potass ium phosphatohenatungs ta te be treated with dil. hydrochloric acid added 
drop b y drop, wi th agitat ion, unti l no more precipitate is formed, and the soln. 
is acid, and potass ium chloride added t o the nitrate, a crystalline r>*ecipitate of 
potassium phosphatohemihenacositungstate, 3K2O.P2O5 .21WO3 .wH20, is formed. 
The colourless, s ix-sided prisms are decomposed b y boiling w a t e r ; the salt is 
soluble in cold water . 

According to El. Pochard, the evaporation of a soln. of ono eq. of pliosphoric acid with. 
5 eq. of metatungstic acid furnishes efflorescent regular octahedra of phosphatodeca-
tungStiC acid, P a 0 8 . 20W0 8 . 62H 8 0 , and if these are dissolved in very little water, and the 
soln. concentrated, less efflorescent, trigonal crystals of P2O5.2OWO3.5OH2O with the 
axial ratio a : c = 1: 1-2929 are formed. O. W. Gibbs also obtained the acid by adding nitric 
acid in excess to a mixed soln. of sodium phosphate and tungstate ; but later, he added 
that the free acid could not be prepared. There is a doubt about the acid and its salts, 
because the methods of preparation, and the properties described are similar to those 
required for the phosphatododecatungstates. C. Scheibler also prepared cubic crystals 
of an acid -which he represented by the formula H11PW1QO38-STIaO. O. W. G ibbs obtained 
SOdlum phosphatodecatungstate, Na2O.Pa06 .20W08 .19H2O, in efflorescent colourless 
needles, by adding a small excess of hydrochloric acid to a soln. of 12 mols. of sodium 
tungstate and one mol. of sodium phosphate. E. Pochard also described N"aflO.Pa05. 
20WQ8.25H8O, in prismatic crystals obtained by evaporating on a water-bath a soln. 
of eq. x*roportions of the free acid and sodium hydroxide. It is easily soluble in water, 
and insoluble in alcohol. E. Pochard obtained 2NaaO.Pa05 .20WOa .30HaO, from a soln. 
of an eq. of the free acid and 2 eq. of sodium hydroxide ; and by the action of metatungstic 
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a c i d o n s o d i u m h y d r o p h o s p h a t e . T h e r h o m b o h e d r a l c rys t a l s d o n o t effloresce in a i r . 
T h e s a l t is so lub le i n w a t e r , a n d inso lub le i n a l coho l . If h e a t e d t o 100°, 20 m o l s . of w a t e r 
a r e g i v e n off. A s a t . so ln . of a n e q . of t h e free ac id a n d 2 eq . of s o d i u m h y d r o x i d e y ie lds 
r e g u l a r o c t a h e d r a l c r y s t a l s of 3 N a 2 O - P 2 O 6 . 1 0 W O 3 . 3 2 H 2 O . T h e sa l t is so lub le i n w a t e r , 
a n d inso lub le i n a lcohol . E . P e c h a r d p r e p a r e d potassium phosphatodecatungstate, 
K 9 O.P 2 O 6 . 20WO 3 . 5BC 2 O, a s in t h e ca se of t h e c o r r e s p o n d i n g s o d i u m s a l t . T h e a d d i t i o n 
of s i lve r n i t r a t e t o a so ln . of t h e p o t a s s i u m s a l t fu rn ishes silver phosphatodecatungstate. 
E . P e c h a r d o b t a i n e d calcium phosphatodecatungstate, 2 C a O . P 2 O 6 . 2 0 W O 3 . 2 2 H 2 O , in 
efflorescent o c t a h e d r a b v t h e a c t i o n of m e t a t u n g s t i c ac id o n c a l c i u m h y d r o p h o s p h a t e ; 
barium phosphatodecatungstate, 2 B a O . P a O 6 . 2 0 W O a . 2 7 H 2 O , i n colour less o c t a h e d r a , b y 
t h e a c t i o n of m e t a t u n g s t i c ac id o n b a r i u m h y d r o p h o s p h a t e ; a n d b y a d d i n g 2 e q . of 
b a r y t a - w a t e r t o a so ln . of one eq . of t h e free ac id ; 2 B a O . P 2 O 6 . 2 0 W O 3 . 3 6 H 2 O , i n colour less 
o c t a h e d r a , b y a d d i n g b a r i u m ch lor ide t o a so ln . of s o d i u m p a r a t u n g s t a t e m i x e d w i t h 
p h o s p h o r i c a n d h y d r o c h l o r i c ac id s . O . W . Gribbs r e p o r t e d 6 B a O . P 2 0 B . 2 0 W 0 8 . 4 8 H 2 0 , t o 
b e f o r m e d b y a d d i n g h y d r o c h l o r i c a c i d t o m i x t u r e s of s o d i u m t u n g s t a t o a n d s o d i u m 
h y d r o p h o s p h a t e i n t h e p r o p o r t i o n s b e t w e e n 24 t o 2 t o 12 : 2 . T h e colour less c r y s t a l s a r e 
r e a d i l y so luble i n h o t w a t e r . E . P e c h a r d p r e p a r e d colour less , efflorescent o c t a h e d r a of 
magnesium phosphatodecatungstate, 2 M g O . P 2 O 6 . 2 0 W O 3 . 1 9 H 2 0 , b y e v a p o r a t i n g in v a c u o a so ln . 
of 2 e q . of m a g n e s i u m c a r b o n a t e a n d o n e e q . of t h e ac id ; a l so lead phosphatodecatungstate, 
2 P b O . P 9 O 6 . 2 0 W O 3 . 6 H 2 O , i n w h i t e need le s . 

The so-called luteophosphotungstic acid—luteus, yellow—or phosphatoennea-
tungstic acid, P2O5 .18WO3 .42H2O, was prepared by F . Kehrmann as follows : 

A so ln . of 100 g r ins , of s o d i u m tv ings ta te in sufficient bo i l ing w a t e r w a s m i x e d 'with 
5O g r m s . of s y r u p y p h o s p h o r i c ac id a n d 5O c.c . of w a t e r , a n d t h e w a t e r r e n e w e d a s t h e so ln . 
i s bo i l ed u n t i l i t a c q u i r e s a ye l low co lour . 20 c .c . of cone , n i t r i c a c i d w e r e a d d e d d r o p b y 
d r o p t o t h e bo i l ing l i qu id . T h e cold l iqu id w a s t r e a t e d w i t h p o w d e r e d a m m o n i u m ch lo r ide 
so l o n g a s a ye l low p r e c i p i t a t e w a s p r o d u c e d . T h e p o w d e r w a s i so l a t ed b y s u c t i o n , d i s ­
s o l v e d in a l i t t l e co ld w a t e r , a n d a g a i n p r e c i p i t a t e d b y a m m o n i u m ch lo r ide ; t h e o p e r a t i o n 
-was r e p e a t e d t w i c e m o r e . T h e p a l e ye l low need les w e r e r e m o v e d f rom t h e la rgo l e m o n -
ye l low p r i s m s of t h e a m m o n i u m s a l t of t h i s ac id b y l ev iga t ion , a n d t h e sa l t r c c rys t a l i i z ed . 
T h e p r o d u c t i s m i x e d w i t h 3 p a r t s of cone , h y d r o c h l o r i c ac id a n d o n e p a r t of cone , n i t r i c 
ac id bo i led u n t i l t h e a m m o n i a is a l l expe l l ed . T h e ye l low so ln . is e v a p o r a t e d t o r e m o v e 
n i t r i c ac id ; a n d t h e p r o d u c t re c rys t a l l i zed f rom l u k e w a r m w a t e r . T h e ac id is a lso 
o b t a i n e d b y d e c o m p o s i n g t h e s i lver s a l t w i t h h y d r o c h l o r i c a c i d . T h e a c i d c a n b e e x t r a c t e d 
f r o m i t s a q . so ln . b y e t h e r . 

The acid forms lemon-yellow, six-sided, triclinic plates which are stable in air, 
and melt a t 28°. A. !Rosenheim and J . Janicke's analysis corresponds with the 
empirical formula just indicated. IT. Kehrmann 's analysis gave 41H2O, and he 
thought t ha t the acid is tribasic. When 25 c.c. of a ^iV-soln., on the assumption 
t h a t an eq. of the acid is one-fifth of the mol P 2 O 5 .18H 2 0.42H 2 O, is t reated with 
Ti c.c. of 0-IiV-NaOH, and the conductivity measured, the values 

C c . 0 - 1 ^ . N a O H 1 2 4 5 6 8 9 
2-754 2-416 1-739 1-402 1-067 1 0 6 6 1 1 4 8 

show- a minimum for 4-4 mols. of base to a mol. of acid, meaning t h a t the acid is a t 
least pentabas ic A. !Rosenheim and J . Janicke found t h a t the lowering of the f.p. 
of aq. soln. corresponds with a decabasic acid. The electrical conductivity of a 
soln. of one-third of a mol of P2O5 .18WO3 .42H2O in v litres of water a t 25° is : 

v . 16 32 64 128 256 512 1024 
A . 66-23 68-76 7 1 1 4 73-57 7 6 1 6 78-01 8 0 1 4 

The guanidinium salt, 5 ( C N 3 H O ) 2 O - P 2 O 6 1 I S W O 3 - I S H 2 O , as also is the silver salt, pre­
pared by R. Haberle, agrees with the assumption t h a t the acid is decabasic, although 
the corresponding molybdate is dodecabasic, bu t the complex ion of t h a t acid is not 
so stable. The constitutional formula of the acid is H 5 [ P ( O H ) ( W Q O 7 ) J - W 2 O r 
[P(OH)(W 2 0 7 ) 4 ]H 5 .36H 2 0, or H10[(HO)( W2O 7 ) 4 P~W 2 0 7 -P ( W2O7J4(OH)].36H2O. 
H . W u supposed t h a t the acid exists in two isomeric forms. E . Brauer gave for the 
H#-ion cone, in a 0-0052NT-SoIn., 0-0041. The acid is freely soluble in water ; i t is 
no t changed by strong mineral acids ; bu t the least excess of a strong base breaks 
down tp.e molecule. When the acid is t reated with chlorides or ni trates of the 
bases, i t readily forms salts which are usually fairly soluble. Alkaloids and other 
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n i t r o g e n o u s o rgan ic ba se s g ive co loured p r e c i p i t a t e s w i t h t h i s ac id . Alka l i 
c a r b o n a t e s b r e a k d o w n t h e sa l t s i n t o p h o s p h a t o h e m i h e p t a d e c a t u n g s t a t e s ; a n d 
w i t h s t r o n g ac ids , p h o s p h a t o d o d e c a t u n g s t a t e s m a y b e fo rmed . 

O. W. Gibbs reported ammonium phosphatoenneatungstate, 2(NH^)2CP2O6 . 
1 8 W O 8 . 1 1 H 2 O , t o r e m a i n a s a w h i t e , c rys ta l l ine m a s s , w h e n a m m o n i u m p a r a -
t u n g s t a t e is bo i l ed w i t h a soln. of m e t a p h o s p h o r i c ac id . IT. K e h r m a n n a n d 
co-workers p r e p a r e d 3 ( N H 4 J 2 O - P 2 O 6 - I S W O 3 . 1 4 H 2 O , i n l emon-ye l low, t r ic l in ic 
p r i sms i s o m o r p h o u s w i t h t h e p o t a s s i u m sa l t , a s i n d i c a t e d a b o v e in connec ­
t i o n w i t h t h e p r e p a r a t i o n of t h e ac id . A . R o s e n h e i m a n d J . J a n i c k e g a v e 
( N H 4 ) 3 H 2 [ P ( O H ) ( W 2 0 7 ) 4 - W 2 0 7 - ( W 2 0 ? ) 4 ( H O ) P ] H 2 ( N H 4 ) 3 . 1 1 H 2 0 for t h e fo rmula . 
T h e c r y s t a l s effloresce in d r y a i r , a n d in consequence of p a r t i a l r e d u c t i o n b e c o m e 
green ish . T h e a m m o n i u m s a l t is m o r e so luble t h a n t h e p o t a s s i u m sa l t . F . K e h r ­
m a n n r e p o r t e d s o d i u m p h o s p h a t o e n n e a t u n g s t a t e , 3Na 2 O-P 2 O 5 . 18WO 3 -WH 2 O, t o 
be f o r m e d in soluble , l emon-ye l low, s ix-s ided p l a t e s , b y e v a p o r a t i n g a m i x e d soln . 
of s o d i u m t u n g s t a t e w i t h a n excess of p h o s p h o r i c ac id ; or b y a d d i n g s o d i u m 
s u l p h a t e t o a soln . of t h e b a r i u m sa l t . F . K e h r m a n n p r e p a r e d p o t a s s i u m 
p h o s p h a t o e n n e a t u n g s t a t e , 3 K 2 O . P 2 0 5 . 1 8 W 0 3 . 1 4 H 2 0 , b y a d d i n g p o t a s s i u m 
ch lor ide t o a soln . of t h e ac id . A . R o s e n h e i m a n d J . J a n i c k e r e p r e s e n t e d t h e 
fo rmu la K 3 H 2 [ P ( O H ) ( W 2 0 7 ) 4 - W 2 0 7 - ( W 2 0 7 ) 4 ( O H ) P ] K 3 H 2 . l l H 2 0 . H e first r e p r e ­
s e n t e d t h e f o r m u l a b y 3 K 2 O . P 2 O 5 . 1 6 W O 3 . 1 6 H 2 O . T h e lemon-ye l low, t r ic l in ic 
c ry s t a l s we re f o u n d b y C. S t u h l m a n n t o h a v e t h e ax i a l r a t i o s a : b : c = 0 - 6 2 7 8 : 1 : 
0-9508, a n d <x=80° 26 ' , £==118° 34/ , a n d y = 8 1 ° 15 ' . T h e s a l t is freely soluble in 
w a t e r . L i k e t h e a m m o n i u m sa l t i t is d e c o m p o s e d w h e n t r e a t e d w i t h p o t a s s i u m 
c a r b o n a t e , fo rming t h e p h o s p h a t o h e m i h e p t a d e c a t u n g s t a t e . O. W . G i b b s r e p o r t e d 
K 2 O - P 2 O 6 . 1 8 W O 3 . 1 9 H 2 O t o b e f o r m e d a s a spar ing ly-so lub le , w h i t e , c rys ta l l ine 
m a s s on a d d i n g a n excess of h y d r o c h l o r i c ac id t o a soln. of t h e n o r m a l s a l t ; a n d h e 
o b t a i n e d p r i s m a t i c c r y s t a l s of 6 K 2 O . P 2 O 5 . 1 8 W O 3 . 2 3 H 2 O , b y a d d i n g a lcohol t o 
a boi l ing soln. of 20 mo l s . of s o d i u m t u n g s t a t e a n d 2 mo l s . of s o d i u m h y d r o p h o s p h a t e 
acidified w i t h ace t i c ac id , a n d t h e n a d d i n g potass ivim chlor ide t o a n eq . soln. of t h e 
p r o d u c t . If t h e s a l t s e p a r a t e s f rom cone . soln . i t h a s 3 0 H 2 O . F . K e h r m a n n 
o b t a i n e d e m e r a l d g reen p l a t e s of copper p h o s p h a t o e n n e a t u n g s t a t e , 3CuO.P 2 O 5 . 
1 8 W 0 3 . n H 2 0 , eas i ly so luble in w a t e r . If a soln. of t h e p o t a s s i u m sa l t is t r e a t e d 
w i t h s i lver n i t r a t e , s i lver p h o s p h a t o e n n e a t u n g s t a t e , 3 A g 2 O - P 2 O 5 . 1 8 W O 3 . 1 4 H 2 O , 
is p r e c i p i t a t e d . A. R o s e n h e i m a n d J . J a n i c k e r e p r e s e n t e d i t b y A g 3 H 2 [ P ( O H ) -
( W 2 0 7 ) 4 ~ W 2 0 7 - ( W 2 0 7 ) 4 ( O H ) P ] H 2 A g 3 . 1 3 H 2 0 ; F . K e h r m a n n a t first r e g a r d e d i t 
a s 3 A g 2 O - P 2 O 5 . 1 6 W O 3 . 4 0 H 2 O . If a 30 p e r c e n t . soln. of t h e acid be t r e a t e d w i t h 
5 t o 6 m o l a r p r o p o r t i o n s of s o d i u m h y d r o x i d e , a so luble s i lver sa l t , a yel low 
f laky p r e c i p i t a t e of 5 A g 2 O . P 2 0 5 . 1 8 W 0 3 . 3 4 H 2 0 , or A g 5 [ P ( O H ) ( W 2 0 7 ) 4 - W 2 O 7 -
( W 2 O 7 J 4 ( O H ) P ] A g 5 . 3 4 H 2 0 , is fo rmed . I t is a l m o s t insoluble in w a t e r . F . K e h r ­
m a n n a t first r e g a r d e d i t a s 5 A g 2 O . P 2 O 5 . 1 6 W O 3 - ^ H 2 O . T h e c o r r e s p o n d i n g 
g u a n i d i n i u m sa l t s w e r e o b t a i n e d in a n ana logous m a n n e r . F . K e h r m a n n f o u n d t h a t 
barium phosphatoenneatungstate, 3BaO.P 2O 5 .18WO 3 .nH 20, separates out when 
b a r i u m ch lo r ide is a d d e d t o a cone . soln. of t h e acid . T h e pa le yel low p l a t e s a r e 
s p a r i n g l y so luble in w a t e r . F . K e h r m a n n also p r e p a r e d mercur ic p h o s p h a t o e n n e a ­
t u n g s t a t e , 3HgO-P 2 O 5 . 18WO 3 .T iH 2 O, freely soluble in w a t e r ; l ead p h o s p h a t o ­
e n n e a t u n g s t a t e , 3 P b O . P 2 0 6 . 1 8 W 0 3 . n H 2 0 , in s ix-s ided p l a t e s , soluble in w a t e r . 

F . K e h r m a n n a n d F . B o h m p r e p a r e d sa l t s of phosphatohemiheptadeca tungs t i c 
ac id , P 2 0 5 . 1 7 W 0 3 . w H 2 0 , b y neu t r a l i z ing a 3 0 p e r cen t . soln. of p h o s p h a t o e n n e a -
t u n g s t i c ac id w i t h a q . a m m o n i a or po t a sh - lye , or a m m o n i u m or p o t a s s i u m h y d r o -
c a r b o n a t e s , u s i n g l i t m u s a s a n i nd i ca to r . T h e yel low co lour of t h e soln. s lowly 
d i s a p p e a r s , a n d , i n t h e case of a m m o n i a , w h i t e , cub ic , or t a b u l a r c ry s t a l s of 
ammonium phosphatohemiheptadecatungstate, 5(NH4J2O.P2O5 .17WO3 .16H2O, 
s e p a r a t e o u t . T h e s a l t is s p a r i n g l y so luble in cold w a t e r , a n d w h e n t h e a q . so ln . 
is bo i l ed t h e s a l t is d e c o m p o s e d w i t h t h e escape of a m m o n i a . T h e sa l t is c o n v e r t e d 
b y di l . h y d r o c h l o r i c a c i d i n t o p h o s p h a t o e n n e a t u n g s t a t e a n d free p h o s p h o r i c ac id . 
F . K e h r m a n n seems t o h a v e a t first r e g a r d e d t h e s e sa l t s a s p h o s p h a t o - o c t o t u n g s t a t e s . 
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JBy us ing a s imi lar process, or b y t h e a c t i o n of p o t a s s i u m h y d r o c a r b o n a t e o n p o t a s s i u m 
p h o s p h a t o e n n e a t u n g s t a t e , F . K e h r m a n n , a n d E . K e h r m a n n a n d E . B o h n p r e p a r e d 
potassium phosphatohemiheptadecatungstate, 5K 2 O.P 2 0 5 .17W0 3 .21 or 22H2O, 
in white plates, sparingly soluble in cold water ; and by t reat ing the potassium 
salt with a soln. of silver ni t rate in excess, silver phosphatohemiheptatungstate, 
5 A g 2 O . P 2 O 5 . 1 7 W O 3 . 2 0 H 2 O , is f o r m e d in yel low p l a t e s . T h e sa l t s we re a lso s t u d i e d 
b y A. R o s e n h e i m a n d J . J a n i c k e , b u t n e i t h e r t h e free ac id n o r sa l t s of a lower ba s i c i t y 
a re k n o w n . 

E . P e c h a r d r e p o r t e d phosphatoc to tungs t i c ac id , P 2 0 6 . 1 6 W 0 3 . 6 9 H 2 0 , t o b e 
formed in colourless, cub ic o c t a h e d r a b y c o n c e n t r a t i n g in v a c u o a soln. of m e t a -
tungs t i c a n d p h o s p h o r i c ac ids in t heo re t i c a l p r o p o r t i o n s . O. W . G i b b s r e p o r t e d 
a m m o n i u m p h o s p h a t o c t o t u n g s t a t e , 6 ( N H 4 ) 2 0 . P 2 O 5 . 1 6 W O 3 - I O H 2 O , t o b e f o r m e d 
b y a d d i n g a m m o n i u m chlor ide t o a boi l ing soln. of s o d i u m p a r a t u n g s t a t e in p h o s ­
phor i c acid. T h e p r i s m a t i c c rys t a l s a re easi ly soluble in h o t w a t e r , a n d t h e h o t 
soln. depos i t s c rys t a l s of t h e sa l t on cool ing. O. W . G i b b s a lso p r e p a r e d colourless 
needles of p o t a s s i u m phosphatoc to tungs ta te , 4 K 2 O . P 2 0 6 . 1 6 W 0 3 . 2 1 H 2 0 , in colour­
less needles , soluble in h o t w a t e r ; he r e p o r t e d t h e complex s a l t s o d i u m p o t a s s i u m 
phosphatocto tungs ta te , 2 N a 2 0 . 3 K 2 O . P 2 0 5 . 1 6 W O 3 . 2 0 H 2 O ; a n d he also p r e p a r e d c a l ­
c i u m phosphatoc to tungs ta te , C a O . P 2 O 5 . 1 6 W 0 3 . 8 H 2 0 , in colourless , soluble p l a t e s . 
E . P e c h a r d o b t a i n e d b a r i u m phosphatoc to tungs ta te , 2 B a O - P 2 O 5 - I G W O 3 - I O H 2 O , 
b y e v a p o r a t i n g a soln. of 2 eq . of b a r i u m c a r b o n a t e in t h e free ac id . T h e 
regu la r o c t a h e d r a a r e freely soluble in w a t e r , a n d inso luble in a lcohol . F . K e h r ­
m a n n r e p o r t e d insoluble m e r c u r o u s phosphatoc to tungs ta te , 3 H g 2 O - P 2 O 6 - I G W O 3 . 
^H2O ; and lead phosphatoctotungstate, 5PbO-P 2O 5 .16WO 3 .nH 20, as a yellow 
insoluble p o w d e r , a n d 3 P b O - P 2 O 5 . 1 6 W 0 3 . n H 2 0 in yel low p r i s m s o r need les ; 
soluble in w a t e r ; a n d w i t h a n excess of w a t e r fo rming a bas ic sa l t . F . K e h r ­
m a n n a lso r e p o r t e d P 2 0 5 . 1 6 W 0 3 . 4 1 H 2 0 , as well a s t h e p h o s p h a t o c t o t u n g s t a t e s 
of a m m o n i u m , p o t a s s i u m , a n d s i lver sa l t s , b u t i m p r o v e d a n a l y t i c a l m e t h o d s 
showed t h a t t h e p r o d u c t s were p h o s p h a t o h e m i h e p t a d e c a t u n g s t a t e s , or p h o s p h a t o -
e n n e a t u n g s t a t e s . 

E . P e c h a r d found t h a t p h o s p h a t o h e x a t u n g s t i c ac id , P 2 O 5 . 1 2 W O 3 . 4 2 H 2 O , is t h e 
m o s t easi ly p r e p a r e d of all t h e p h o s p h o t u n g s t i c ac ids . I t is o b t a i n e d b y c o n c e n t r a t ­
ing in v a c u o a soln. of m e t a t u n g s t i c a n d p h o s p h o r i c ac ids in t h e o r e t i c a l p r o p o r t i o n s . 
T h e t r ic l inic , p inaco ida l c rys t a l s were found b y E . D u f e t t o h a v e t h e ax i a l r a t i o s 
a:b : c = 0 - 9 9 1 6 : 1 : 1-5931, a n d <x=90° 6 ' , j 8 = 9 7 ° 53£ ' , a n d y = 8 4 ° 2 5 J ' . T h e 
(HO)-c leavage is m a r k e d . T h e c ry s t a l s d o n o t effloresce in a i r ; a n d a r e so luble 
in w a t e r a n d a lcohol . W a r m ac ids d e c o m p o s e t h e ac id l i be ra t i ng t u n g s t i c ac id ; 
a n d w i t h bases , i t fo rms sa l t s . A n excess of a lka l i d e c o m p o s e s t h e sa l t s fo rming 
a t u n g s t a t e a n d a p h o s p h a t e . T h e sa l t s a r e p r e p a r e d b y t r e a t i n g t h e ac id w i t h 
a c a r b o n a t e of t h e base , or b y t h e a c t i o n of m e t a t u n g s t i c ac id on a p h o s p h a t e . 
E. Pechard said t ha t ammonium phosphatohexatungstate, 2(NH^)2O.P2O6.12WO3. 
5 H 2 O , is insoluble in cold w a t e r , a n excess of a q . a m m o n i a c o n v e r t s i t i n t o 
a m m o n i u m p a r a t u n g s t a t e . A soln. of t h e ac id t r e a t e d w i t h 2 eq . of l i t h i u m ca r ­
b o n a t e furnishes t r i gona l c ry s t a l s of l i t h i u m p h o s p h a t o h e x a t u n g s t a t e , 2 L i 2 O - P 2 O 5 . 
1 2 W 0 3 . 2 1 H 2 0 . T h e t r ic l inic p inaco id s of s o d i u m p h o s p h a t o h e x a t u n g s t a t e , 
2 N a 2 O - P 2 O 5 . 1 2 W O 3 . 1 8 H 2 O 5 were o b t a i n e d in a s imi la r m a n n e r . E . I>ufet f o u n d 
t h a t t h e c rys t a l s h a v e imper fec t (110)-, a n d (001)-cleavages . T h e c rys t a l s effloresce 
s lowly in air . T h e sa l t is soluble in w a t e r , a n d is p r e c i p i t a t e d f rom i t s a q . so ln . 
b y a lcohol . Cone, hydroch lo r i c ac id g ives a w h i t e c rys t a l l ine p r e c i p i t a t e . If 
hydroch lo r i c acid be left in c o n t a c t w i t h t h e sa l t , o r if t h e s a l t b e t r e a t e d w i t h w a r m 
acid , i t is decomposed . W h i t e , inso luble p o t a s s i u m p h o s p h a t o h e x a t u n g s t a t e , 
K 2 O - P 2 O 5 . 1 2 W O 3 . 9 H 2 O , w a s p r e p a r e d in a s imi l a r m a n n e r . E* P o c h a r d a lso 
p r e p a r e d green , t r igona l c rys t a l s of copper p h o s p h a t o h e x a t u n g s t a t e , 2 C u O - P 2 O 5 . 
1 2 W O 3 - I l H 2 O , which E . D u f e t f ound h a d t h e ax i a l r a t i o a : c = l : 2-6534, a n d 
<x=56° 30". E. Pechard obtained silver phosphatohexatungstate, Ag2O-P2O*. 
12W0 3 .8H 2 0, as a white insoluble precipitate stable in light; trigonal crystals 
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of calcium phosphatohexatungstate, 2CaO.P 2 0 6 . 12W0 3 . 19H 2 0 , which rapidly 
effloresce in a i r , a n d a r e insoluble in a lcohol . E . D u f e t g a v e for t h e ax ia l r a t i o 
a : c = l : 2-6759, a n d a = 5 6 ° 8 ' . E . P e c h a r d p r e p a r e d t r i g o n a l c rys t a l s of b a r i u m 
p h o s p h a t o h e x a t u n g s t a t e , 2 B a C P 2 O 5 . 1 2 W O 3 . 1 5 H 2 O , which , acco rd ing t o E . D u f e t , 
h a v e t h e ax ia l r a t i o a : C = 1 : 2-6839. a n d a = 5 6 ° 1 ' . T h e s a l t effloresces r a p i d l y 
in a i r ; i t is s t ab l e in w a t e r ; a n d is p r e c i p i t a t e d b y a lcohol f rom i t s a q . soln. T h e 
t r i gona l c ry s t a l s of m a g n e s i u m p h o s p h a t o h e x a t u n g s t a t e , 2 M g O - P 2 O 5 . 1 2 W O 3 . 
1 0 H 2 O , p r e p a r e d b y E . P o c h a r d were f o u n d b y E . D u f e t t o h a v e t h e ax ia l r a t i o 
a : c = l : 2-6523, a n d <x=56° 2 3 ' . E . P o c h a r d also p r e p a r e d t r i g o n a l c ry s t a l s of 
zinc phosphatohexatungstate, 2ZnO.P2O5 .12WO3 .7H2O ; sparingly soluble cad­
mium phosphatohexatungstate, 2CdO.P 2 0 5 .12W0 3 .13H 2 0 ; and yellow, mercurous 
p h o s p h a t o h e x a t u n g s t a t e , H g 2 O - P 2 O 5 . 1 2 W O 3 . n H 2 0 , inso luble in n i t r i c ac id . 
E . P e c h a r d o b t a i n e d a w h i t e p r e c i p i t a t e of tha l lous p h o s p h a t o h e x a t u n g s t a t e b y 
t h e ac t i on of m e t a p h o s p h o r i c a n d t u n g s t i c ac ids o n t ha l l ous c a r b o n a t e . W h i t e , 
inso luble needles of l ead p h o s p h a t o h e x a t u n g s t a t e , 2 P b O . P 2 0 5 . 1 2 W 0 3 . 6 H 2 0 , were 
p r e p a r e d . 

Accord ing t o E . K e h r m a n n a n d R . Mel le t , w h e n a v e r y cone . soln. of a m i x t u r e 
of s o d i u m t u n g s t a t e a n d p h o s p h a t e is f a in t ly acidified w i t h ace t ic acid , a n d a l lowed 
t o s t a n d a few d a y s , a m a s s of c r y s t a l s is f o r m e d . W h e n w a s h e d w i t h cold w a t e r , 
t h e r e r e m a i n s a spar ing ly-so lub le sodium phosphatotung state, 1 4 N a 2 O - S P 2 O 5 A D W O 3 . 
^ H 2 O , or 29JNTa 2 0.10P 2 O 5 .39WO 3 .wH 2 0. T h e so luble p o r t i o n c o n t a i n s a p h o s -
p h a t o t r i t u n g s t a t e — v i d e infra. O. W . G i b b s r e p o r t e d a c o m p l e x sodium potassium 
phosphatotungstate, 7 N a 2 O - 1 1 K 2 0 . 6 P 2 0 5 . 2 2 W 0 3 . 4 2 H 2 0 . 

O. W . G i b b s r e p o r t e d s o d i u m p h o s p h a t o h e m i h e p t a t u n g s t a t e , 5 N a 2 0 . 2 P 2 0 6 . 
14 W O 3 . 4 2 H 2 O , t o b e f o r m e d b y boi l ing s o d i u m p a r a t u n g s t a t e w i t h less t h a n half i t s 
w e i g h t of s y r u p y p h o s p h o r i c ac id . Colourless , p r i s m a t i c c rys t a l s a r e depos i t ed 
i n a few d a y s . T h e sa l t m a y b e a m i x t u r e . F . K e h r m a n n r e p o r t e d 3 N a 2 O . P 2 O 5 . 
7 W 0 3 . n H 2 0 t o b e fo rmed b y t h e a c t i o n of a cold s a t . soln . of s o d i u m t u n g s t a t e on 
a q . p h o s p h o r i c ac id , a n d a l lowing t h e ac id l iqu id t o s t a n d for a m o n t h a t o r d i n a r y 
t e m p . C. Scheib ler r e p o r t e d c ry s t a l s of s o d i u m p h o s p h o t u n g s t a t e , N a 5 H 1 1 P 2 W 6 O 3 1 . 
1 3 H 2 O , t o b e fo rmed b y d issolv ing s o d i u m p a r a t u n g s t a t e i n w a t e r , a d d i n g half 
i t s w e i g h t of p h o s p h o r i c ac id , a n d a l lowing t h e m i x t u r e t o s t a n d for s o m e t i m e . 
J?. K e h r m a n n a n d R . Mel le t s h o w e d t h a t t h e s a l t is r ea l ly a s o d i u m p h o s p h a t o -
h e m i h e p t a t u n g s t a t e , 3 N a 2 O . P 2 O 5 . 7 W O 3 . WH2O. F . K e h r m a n n t r e a t e d a soln. 
of t h i s s a l t w i t h a m m o n i u m ch lor ide for a n u m b e r of t i m e s in t h e cold, a n d o b t a i n e d 
ammonium phosplratohemiheptatungstate, 3(NH4J2O.P2O5 .7WO3 .^H2O, in cubic 
c rys t a l s w h i c h a re depos i t ed w h e n t h e a q . soln. is t r e a t e d w i t h a lcohol . T h e sa l t is 
s p a r i n g l y so luble i n cold w a t e r w i t h o u t decompos i t i on , b u t w i t h boi l ing w a t e r , 
a m m o n i a is evo lved . T h e aq . soln. w i t h a ca l c ium sa l t g ives af ter s t a n d i n g some t i m e 
a sparingly-soluble, crystalline ammonium calcium phosphatohemiheptatungstate; 
with barium chloride, sparingly soluble barium phosphatohemiheptatungstate is 
p r e c i p i t a t e d . O. Scheib ler p r e p a r e d b a r i u m p h o s p h a t o h e m i h e p t a t u n g s t a t e b y t h e 
a c t i o n of b a r i u m ch lor ide on t h e s o d i u m sa l t wh ich h e p r e p a r e d . F . K e h r m a n n 
found t h a t a soln. of a m m o n i u m or s o d i u m p h o s p h a t o h e m i h e p t a t u n g s t a t e w i t h 
s i lver n i t r a t e , furnishes w h i t e insoluble s i lver p h o s p h a t o h e m i h e p t a t u n g s t a t e . I t 
dissolves in a soln. of t h e a m m o n i u m sa l t fo rming a m m o n i u m si lver p h o s p h a t o ­
hemihepta tungs ta te . 

IT. K e h r m a n n a n d P,. Mellet d id n o t succeed in p r e p a r i n g phosphatotr i tungst ic 
acid* b u t , a s i n d i c a t e d a b o v e , t h e y found t h a t t h e a q . n i t r a t e o b t a i n e d from s o d i u m 
p h o s p h a t o t e t r a t u n g s t a t e c o n t a i n s a sa l t w h i c h w h e n crys ta l l ized o u t consis ts 
of s o d i u m phosphatotr i tungstate , 3JSTa 2O.P 2O 5 .6WO 3 .16H 2O. I t is b e s t o b t a i n e d 
b y t h e slow c rys ta l l i za t ion of a n a q . soln. of 3 mo l s . of s o d i u m t u n g s t a t e , a n d a m o l . 
of s o d i u m h y d r o p h o s p h a t e n e u t r a l i z e d w i t h ace t ic ac id . T h e sa l t w a s purif ied b y 
rec rys ta l l i za t ion f rom w a t e r . I t fo rms a g g r e g a t e s of w h i t e , s t r i a t e d p r i sms , a n d 
c o n t a i n s 3 mols . of w a t e r of c o n s t i t u t i o n . T h e p o t a s s i u m sa l t could n o t be p r e p a r e d 
d i rec t ly f rom i t s c o n s t i t u e n t s ; b u t w h e n a soln . of t h e s o d i u m sa l t is t r e a t e d 
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w i t h p o t a s s i u m chlor ide , p r i sma t i c needles of p o t a s s i u m phosphatotr i tungs ta te , 
3 K 2 O . P 2 O 5 . 6 W O 3 . 1 4 H 2 O , a re fo rmed ; ar id if a m m o n i u m ch lor ide is u sed , s t o u t 
p r i sms of a m m o n i u m phosphatotr i tungstate , 3 ( N H 4 J 2 O - P 2 O 6 - G W O 3 ^ H 2 O , a r e 
fo rmed . 

O. W . Gibbs p r e p a r e d a scries of pyrophosphato tungs ta te s b y boi l ing t u n g s t i c 
ac id w i t h a n a lka l i p y r o p h o s p h a t e . T h e p h o s p h o r i c ac id c a n b e s e p a r a t e d f rom 
t h e sa l t s on ly b y boil ing t h e m r e p e a t e d l y w i t h h y d r o c h l o r i c ac id . W h i t e , g r a n u l a r 
potassium pyrophosphatotungstate, 18K 2 0.9P 2 O 5 .22W0 3 .49H 2 0, was so obtained ; 
and ammonium sodium pyrophosphatotungstate, 14(NH 4 ) 2 0 .6Na 2 0 .9P 2 0 5 . 22W0 3 . 
3 1 H 2 O , a s a wh i t e , c rys ta l l ine p r e c i p i t a t e easi ly soluble i n h o t w a t e r . T h e p o t a s ­
s i um sa l t w h e n t r e a t e d w i t h coppe r s u l p h a t e furnishes copper p y r o p h o s p h a t e -
tungs ta te , or a double s a l t ; while m e r c u r o u s n i t r a t e w i t h t h e p o t a s s i u m or s o d i u m 
a m m o n i u m sa l t gives a yel low or wh i t e c rys ta l l ine p r e c i p i t a t e of mercUTOUS p y r o -
phosphatotungs ta te . A m i x e d soln. of sod ium p a r a t u n g s t a t e a n d m a n g a n e s e 
p y r o p h o s p h a t e on e v a p o r a t i o n yie lds o r a n g e - b r o w n c rys t a l s of s o d i u m m a n g a n e s e 
pyrophosphatotungstate, 6Na 2 0 .3MnO.P 2 0 5 . 14W0 3 . 36H 2 0 ; and when this salt 
is t r e a t e d w i t h a m m o n i u m chlor ide i t furnishes o r ange p r i s m s of a m m o n i u m s o d i u m 
manganese pyrophosphatotungstate, 5 (NH 4 ) 2 0 .2Na 2 0 .6Mn0.2P 2 0 5 . 14WO 3 , which 
a re soluble in cold a n d h o t w a t e r . 
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— — paramolybdate , 587 
pentamolybdato , 594 

copper chromate, 262 
—-— diamminochromato, 262 

d iamminomolybdate , 559 
molybdate , 559 
pen tafhiodioxy tungstate , 839 
phosphatohemipentamolybd a t e , 

669 
— — tellurite, 79 

tungstate , 782 
tungsten te tramminoenneachlo-

ride, 842 

A m m o n i u m gold amminophoBphatoiriolyb-
date , 671 

— heptahydrodecamolybdate , 595 
heptahydrate , 595 

— hexabromotel lurite , 109 
— hexachlorotellurite, 102 
— hexachromate , 352 
— hexadecatungstate , 832 
— hexaiodotel lurite , 106 
— hexamolybdate , 694 
— hexatungstate , 829 
— hexoxyhenafluomolybdat-e, 614 
— hydroheptamolybdate , 594 
— hydrophosphatodimolybdate , 67O 

hemipentahydrate , 67O 

cupric dichromate, 339 
decamolybdato, 597 

enneadecahydrate , 597 
diarsenatotellurate, 96 
dichromate, 323 
dichromyl tetrafluochromate, 365 
difluotellurate, 109 
d i h y d r o p h o s p h a t o h e m i p e n t a m o l y b -

date , 668 
heptadecahydrate , 668 
heptahydrate , 668 

dihydrophosphatomolybdate , 671 
. d ihydrothoridodecamolybdates , 6Ol 

dimereuriarnmonium chromate , 284 
—_— dimolybdate , 580 

d imolybdi te tramolybdate , 631 
d imolybdi tote tramolybdate , 593 
dioxydisulphomoly bdate , 654 
dioxydisulphotungstate , 861 
dioxypentaf luomoly bdate , 614 
dioxytetraf luomoly bdate , 613 
dioxytrifluoride, 613 
diporchromates, 357 
diphosphatotel lurate , 120 
diplatinie tr iacontatungstate , 803 
disulphatochromate , 452 
di te l luratohexamoly bdate , 97 

— ferric chromate , 309 
chromium sulphate , 463 

„_, dodecamolybdate , 602 
dodecatungstate , 832 
paratungstate , 820 
pentadeoaoxysexieschromate , 310 
sulphate , 831 

fluochromate, 365 

- hydropyrotel lurate , 89 
- hydrostannidodecamolybdate* 601 

hydrotel lurate, 89 
hydrotelluride, 40 
hydro t e troxy trisulphodi m o l y b d a t e , 

G55 
hydroxylamine paramolybdate , 552 
h y d r o x y !amine tungs ta te , 773 
h y p o m o l y b d a t o m o l y b d a t e , 604 
i sotungstate , 773 
lanthanous molybdate , 587 
lanthanum hexachromate , 287 

tungstate , 790 
lead chromate , 304 

phosphatopentadecamoly b d a t e , 
671 

l i th ium chromate , 244 
magnes ium chromate , 275 
— molybdate , 562 

paratungstate , 818 
— telluride, 50 

manganic dodecamolybdate , 602 
molybdate , 572 

— paratungstate , 82O 
tr idecamolybdate , 602 
tungstate , 797 * 

manganous chromate , 309 
• — decamolybdato , 598 

d ihydrophosphatohemipenta m o-
lybdate , 669 

dodecamolybdate , 602 
molybdate , 571 
permangani tomolybdate , 573 

— phosphatohemipentamolybd a t e , 
669 

— pyrophosphatomolybdate , 671 
trischromate, 309 

mercuric tungstate , 788 
mercurous a luminotungstate , 789 
meta tungs ta te , 821 

hexahydrate , 821 
te trahydrate , 821 

— molybdate , 651 
— molybdatosu lphate , 658 
— molybdatotr i su lphate , 658 
— m o l y b d e n u m a m m i n o p e n t a c h l o r i d e , 

622 
chloride, 629 

— dioxytetrachloride, 632 
ennearluoride, 610 
hemipentoxide , 532 
heptachloride, 621 
l iexachloride, 621 
oxypentabromide , 637 
pentabromide, 635 



INDEX 877 

A m m o n i u m m o l y b d e n u m pentachloride , 
621 

tetrachlorotetrabromide, 64O 
tetraehlorotetraiodide, 64O 

__ tetradecachloride, 623 
. tetrafluoride, 609 
, trioxytetradecafluoride,. 611 
tungs ta te , 796 

m o l y b d e n y l pentabromide , 637 
pentachlor ide , 629 

molybd i t e t ramoly bdate , 533 
molybdos ic su lphates , 657 

. m o l y b d o u s heptachloride , 619 
octochloride, 618 

monoperdi tungs ta te , 834 
i i e o d y m i u m m o l y b d a t e , 587 
nickel chromate , 313 

diamminocl iroraate , 313 
d ihydrophosphatohen i ipentarno-

lybdate , 67O 
. d ihydroxyqi ia terchromate , 313 

—-— p h o s p h a t o h e m i p e n t a m o l y bda te , 
67O 

nickelie t r idecamolybdate , 602 
— — tungs ta te , 802 
n ickelous d e c a m o l y b d a t e , 598 

dianiininornoly bdate , 576 
e n n e a m o l y b d a t e , 597 
heri i tr icontamolybdate , 604 
h e x a d e c a m o l y b d a t e , 603 , 604 
fcetratricontamolybdate, 604 

n i tratometatungBtate , 814 , 861 
—-—. o c t o m o l y bdate , 595 

oc to tungs ta te , 83O 
— — oxa la to tr iamminochromate , 409 

o x y c h r o m a t e , 241 
— — o x y d i m e r c u r i a m m o n i u m dichromate , 

342 
oxypentach loro tungs ta te , 849 
oxypenta f luomolybdate , 611 
par amoly b d a t e , 583 
i_—_ d o d e c a h y drate , 583 

t e trahydrate , 583 
— parasu lphomolybdate , 651 

— paratungs ta te , 812 
-— Heiialiydrate, 812 

_ hop t a h y drate, 813 
— . h e x a h y d r a t e , 813 

pentahydrate , 812 
pentabromotungs t i t e , 854 
pexitafluotellurite, 98 

—— pentahydrotr imolybdate , 594 
. p e n t a b y d r a t e , 594 

p e n t a m o l y b d a t e , 593 
pen ta tungs ta te , 828 
perchromate , 356 
perdichromates , 359 
perdisu lphomolybdate , 654 per inangani tomolybdates , 572 , 573 
permanganous oc t o m o l y b d a t e , 597 
permoly bdate , 607 
permonosu lphomolybdate , 653 
pemicke l i c e n n e a m o Iy bdate , 597 

— perparamolybdate , 608 
phosphatoc tomolybdate , 667 
phosphatodecamolybdate , 664 
phosphatododec a m o l y bdate , 662 
pKosphatododecatujiKState, 866 
pHosphatoenneamolybdate , 666 

—• phosphatoe i ineatui igs tate , 871 

A m m o n i u m phosphatohemihenicos i tung-
s ta te , 869 

— — phosphatoheiri iheptadecarnol y b d a t e, 
667 

— — phosphatohemiheptadec a t u n g s t a t e , 
871 

—-— phosphatohemihep ta tungs ta te , 873 
p h o s p h a t o h e n a m o l y b d a t e , 664 
phosphatohenatungs ta te , 868 
pbospbatobeptamolybdato , 667 

• p h o s p h a t o h e x a m o l y b d a t e , 667 
pbosp l ia tohexatungs ta te , 872 
phosphatote trachromate , 482 
phosphato te tramoly bdate , 667 

. phosphatotr i tungstate , 874 
—•— p o t a s s i u m chromate , 257 
—:— chromium sulphate , 463 

m a n g a n o u s p e r m a n g a m t o m o l y b -
date , 573 

permangani tomolybdate , 573 
— —- praeseodymium m o l y b d a t e , 587 

tungs ta te , 791 
— pyrotel lurite , 77 

rhodic dodecamolybdate , 603 , 604 
samar ium m o l y b d a t e , 587 

— silver a luminotungs ta te , 789 
chromate , 267 

. p h o s p h a t o h e m i h e p t a t u n g s t a t e , 
873 

— — sod ium chromate , 249 
-- • decatungs ta te , 831 

3 . 1-decatungstate , 831 
gold pyrophosphatohemihenamo-

Iybdate , 671 
— hexadeca tungs ta te , 832 

- manganese pyrophosphatotung-
s ta te , 874 

— manganic t r idecamolybdate , 
G02 

— 1 : 3 -meta tungs ta te , 824 
— oc to tungs ta te , 83O 
— 1 : 3-paratungstate , 816 
- 3 : 2-paratungstate , 816 

— 4 : 1-paratungstate, 816 
heptahydrate , 816 
pentahydrate , 816 
tr idecahydrate , 816 

— 3 : 2 -pentadecatungstato , 832 
— 4 : 2 -pentadecatungstate , 832 
— phosphatohemiheptadecamol y b-

date , 667 
— p h o s p h a t o m o l y b d a t e , 663 

p y r o p h o s p h a t e tungstate , 874 
s tannic phosphato l ionatungstate , 868 

phosphatohex i te tradec a rri o l y b -
date , 67O 

• s tannidodecamolybdate , 6Ol 
s tront ium chromate , 271 
sulphatotel luri te , 118 
su lphomolybdate , 65O 
sulpho tellurite, 113 
su lphotungs ta te , 858 
su lphovanadatomolybdate , 652 
tel lurate, 89 
tel lurite, 77 
te l luratohexamolybdate , 97 
tetrachloro tel lurite, 1OO 
tetrachr ornate, 351 , 352 
t e tranuodioxytungs ta te , 838 

- t e t r a h y d r a t e , 8 3 4 
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A m m o n i u m t e t r a h y d r o x y l a m i n o t e t r a -

molybdate , 592 
te tramoly bdate, 591 

__. thoridodecainolybdates, 6Ol 
t i tanidodecamolybdate , 600 
t i tani imi chromate, 288 
triarsenatotellurate, 96 

__ trichromate, 349 
~ trifluodioxy tungstate , 838 

trifluotrioxy tungstate , 839 
— — trihydroheptamoly bdate , 594 

trihy drophosphatohemipe n t a m o l y b -
date, 668 

hemitridecahydrate, 669 
hexahydrate , 668 

— tetrahydrate, 668 
trirriolybdato, 588 
trioxydifluoroolybdate, 612 
tr ioxypentaf luomolybdate , 615 
trioxytrif iuomolybdate, 613 
triperchromates, 356 
triphosphatotell urate, 120 
trisulphatochromiate, 464 

—_— trisulpliomolybdate, 651 
tri tungstate, 810 
tungstate , 773 
tungsten totrafluoride, 837 
uranium tungstate , 797 
uranyl chromate, 308 

.— hexahydrate , 308 
trihydrate, 308 

- - zinc chrornate, 279 
— —-— diarnminobiscliromate, 280 

paramolybdate , 586 
., paratungstate , 819 

___— triamTninosexichromatc, 280 
zirconidodecamolybdate, 601 
zirconium tungstate , 791 

Anil ine eerie dodecarnoly bdate , 600 
- hydrochloride, 831 
Antamoki te , 2, 49 
Ant imonatotungstates , 795 
A n t i m o n y molybdates , 570 

oxychromite , 201 
- tellurate, 97 

telluride, 59 
—-— tetroxybischromate , 305 

— tungs ta tes , 795 
Aquopentammines , 401 
Argent molybdique , 6O 
Arsenic molybdates , 57O 

octodecatungst ic acid, 832 
sulphomolybdates , 6 52 
sulphotellurite, 114 

— tellurate, 96 
telluride, 58 

Arsenotellurite, 2, 114 
Auric telluride, 49 
Aurotellurite, 1 
Aurum bismuticum, 1 

graphieum, 1, 47 
gulena, 114 
paradoxum, 1 

B 

B a r i u m a luminium oxvdodecamolybdate , 
600 

a luminotungstate , 789 

I B a r i u m a m m o n i u m a luminium oxydodeca­
rnoly bdate , 6OO 

chromate, 274 
chromidodecamolybdate , 602 

I — cobaltic decamolybdate , 575 
paramoly bdate , 586 
phospbatomolybdate , 663 

calc ium chromate , 274 
chlorochrornate, 398 
ehlorochromatochloride, 398 

__ hydrate , 398 
chromate , 199, 271 
chromatosulphate , 450 
chromidioxydodecamolybdate , 602 

-—— chromioxydodecamolybdate , 601 
cobalt ic ennearnolybdate , 575 
dichromate , 341 

dihydrate , 341 
diplatinic tr iacontatungstate , 803 
d i tungstate , 8IO 

— enneamolybdate , 597 
_. ferric tungs ta te , 8Ol 

hydrophosphatododecatungstate , 867 
.—_—. dotessaracontahydrate , 867 

te trapentecontahydrate , 867 
te tratessaracontahydrate , 867 

— hydropyrotel !urate , 93 
hydropyrotel luri te , 80 

- hydrotel lurate , 93 
l a n t h a n u m tungs ta te , 791 
lead chromates , 304 
manganic dodecarnoly bdate , 602 
mercuric phosphatohenatungs ta te , 868 
meta tungs ta te , 825 

- — m o l y b d a t e , 561 
m o l y b d e n u m hemipentox ide , 532 

— n e o d y m i u m tungs ta te , 791 
— nickelic tungs ta te , 802 

n i tra tometatungs ta te , 862 
octochromite , 199 
oc tomolybdate , 596 

— — octotungsta to , 830 * 
or thosulphodimolybdate , 652 

- pararnolybdate, 686 
decos ihydrate , 586 
dodecahydrate,*586 
hexahydrate , 586 

paratungstate , 818 
- ——- octohydrate , 818 

pentafluotel lurite , 98 
p e r d i c h r o m a t e , 359 

— perdi tungstate , 835 
-. permangan i tomolybdate , 573 
- permolybdate , 608 

permonosu lphomolybdate , 653 
pernicltelie enneamolybdate , 697 
phosphatoe to tungs ta te , 872 
phosphatodecatungs ta te , 870 
phosphatododecamolybdate , 663 
p h o s p h a t o e n n e a t u n g s t a t e , 871 
phosphatohemihepta tungs ta te , 873 
p h o s p h a t o h e n a t u n g s t a t e , 868 
p h o s p h a t o h e x a t u n g s t a t e , 873 
phosphatohex i ta te t radecamoly b d a t e , 

670 
plat inic m o l y b d a t e , 576 
po tas s ium chromate , 273 

chromidodecamolybdate , 602 
p h o s p h a t o h e n a t u n g s t a t e , 8 6 8 

— — tr ichromate , 351 
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B a r i u m p r a s e o d y m i u m t u n g s t a t e , 7 9 1 
s i l v e r m e t a t u n g s t a t e , 8 2 6 

. p h o s p h a t o d o d e c a t u n g s t a t e , 8 6 7 
p h o s p h a t o h e n a t u n g s t a t e , 8 6 8 

s o d i u m p a r a t u n g s t a t e , 8 1 8 
p h o s p h a t o d o d e c a t u n g s t a t e , 8 6 7 

-•- - s t r o n t i u m c h r o m a t e , 2 7 4 
s u l p h o m o l y b d a t e , 6 5 2 

• s u l p h o t e l l u r i t e , 1 1 3 
— s u l p h o t r i m o l y b d a t e , 6 5 2 
— s u l p h o t u n g s t a t e , 8 5 9 

t e l l u r a t e , 9 3 
t e l l u r i d e , 5O 
t e l l u r i t e , 8O 
t e t r a c e t o c h l o r o c h r o m a t e , 3 9 8 
t e t r a m o l y b d a t e , 5 9 3 

- t e t r a t e i l u r i t e , 8O 
t r i m o l y b d a t e , 5 8 9 
t r i t u n g s t a t e , 8 1 1 

h e x a h y d r a t e , 8 L l 
- — . t e t r a h y d r a t e , 8 1 1 

t u n g s t a t e , 7 8 6 
d i h y d r a t e , 7 8 6 
l i e m i h y d r a t e , 7 8 6 
h e m i p e n t a h y d r a t e , 7 8 6 
t e t r a h y d r a t e , 7 8 6 

B a s i c r h o d o - s a l t s , 4 0 8 
B e l o n o s i t e , 4 8 8 , 6 6 1 
B e n z i d i n e h y d r o c h l o r i d e , 8 3 1 
B e n z o y l t e l l u r i d o , 4 2 
B e r e s o v i t e , 1 2 5 , 4 7 3 
B e r e s o w i t e , 1 2 5 , 4 7 3 
B e r e z o v i t e , . 4 7 3 
B e r y l l i u m , 5 2 2 
— — c h l o r o t u n g s t a t e s , 8 5 2 

c h r o m a t e , 2 7 4 
- c h r o m i t e , 1 9 9 

c h r o m i u m p e n t a d i l o r i d e , 4 1 9 
._ d i m o l y b d a t e , 0 8 1 

d o d e c a h y d r o x y c h r o i n a t e , 2 7 4 
—.— j m e t a t u n g s t a t e , 8 2 6 

m o l y b d a t e , 5 6 1 
d i h y d r a t e , 5 6 1 

n i t r a t o m e t a t u n g s t a t e , 8 6 2 
o x y m o l y b d a t e , 5 6 1 
o x y n i t r a t o m o l y b d a t e , 6 5 9 
s u l p h o m o l y b d a t e , 6 5 2 

- s u l p h o t u n g s t a t e , 8 5 9 
t e l l u r a t e , 9 4 
t e l l u r i d e , 5O 

— _ _ t e l l u r i t e , 8 0 
. t u n g s t a t e , 7 8 7 

B i s e t h y l e n e d i a m i n o p r o p y l e n e d i a m i n e s , 4 0 1 
B i s m u t h a m m o n i u m m o l y b d a t e , 57O 

t u n g s t a t e , 7 9 5 
c h r o m a t e , 3 0 5 
d i o x y m o l y b d a t e , 57O 
d i t u n g s t a t e , 8 1 0 

___. h y d r o x y c h r o m a t e , 3 0 6 , 3 4 3 
h y d r o x y d i o h r o r n a t e , 3 0 6 
m e r c u r o u s t u n g s t a t e , 7 9 5 
m o l y b d a t e , 5 7 0 
o r t h o t e l l u r a t e , 9 7 
o x y c h r o m i t e , 2 0 1 
p e r m o n o s u l p h o m o l y b d a t e , 6 5 3 

— — - p o t a s s i u m c h r o m a t e , 3 0 5 
h y d r o x y d i c h r o m a t e , 3 4 3 
t u n g s t a t e , 7 9 5 

s t r o n t i u m t u n g s t a t e , 7 9 5 
s u l p h o d i t e l l u r i d e , 6 0 

B i s m u t h s u l p h o d i t e l l u r i t e , 1 1 4 
s u l p h o m o l y b d a t e , 6 5 2 
s u l p h o t e l l u r i t e , 1 1 4 
s u l p h o t u n g s t a t e , 8 5 9 
t e l l u r a t e , 9 7 
t e l l u r i d e , 6O 
t e l l u r i u m g l a n c e , 2 
t r i s u l p h o t e l l u r i d e , 6 1 
t u n g s t a t e , 7 9 5 

—• u r a n y l c h r o m a t e , 3 0 8 
B i s m u t h y l c h r o m a t e , 3 0 5 

d i c h r o r n a t e , 3 0 6 , 3 4 3 
h y d r o x y d i c h r o m a t e , 3 4 3 

— m o l y b d a t e , 57O 
o r t h o c h r o m a t e , 3 0 5 
p a r a d i c h r o r a a t o , 3 0 5 
p o t a s s i u m d i c h r o m a t e , 3 4 3 
q u a t e r o c h r o m a t w , 3 0 6 , 3 4 3 

B l a t t e r t e l l u r , 1 1 4 
B l a n c d ' O f T e n b a n y a , 1 
B l a t t e r e r z , 1, 4 7 
B l a t t e r t e l l u r , 1 
B l u e c a r m i n e , 7 6 5 
B l y e r t z , 4 8 4 
B o r n i n e , 6O 
B o r o n t e l l u r i d e , 5 3 
B o r o t u n g s t a t e s , 7 8 9 
B r o m i c b r o m o a q u o t e t r a m m i n o s u l p h a t e , 4 6 6 
B r o m o a q u o b i s e t h y l e n e d i a m i n e s , 4 0 4 
B r o m o a q u o t e t r a m m i n e s , 4 0 4 
B r o m o d i a q u o t r i a r a m i n e s , 4 0 3 , 4 0 4 
B r o r n o p e n t a m m i n e s , 4 0 4 
1-iro m o t e l l u r i t e s , 1 0 4 

C 

C a d m i u m a m r a i n o c h r o m a t e , 2 8 0 
a r a r a o i i i u m a m m i n o q u a d r i c h r o m a t e , 

28O 
— d i a r n i n i i i o c h r o m a t e , 2 8 0 

( i i a r a i n i n o m o l y b d a t e , 5 6 3 
d i h y d r o x y q u a d r i c h i o m a t e , 2 8 0 

— p a r a m o l y b d a t e , 5 8 7 
_ p a r a t u n g s t a t e , 8 1 9 

p h o s p h a t o t e t r i t a o n n e a m o l y b -
d a t e , 67O 

_ t u n g s t e n t e t r a i n m i n o e n n e a c h l o -
r i d e , 8 4 2 

c h r o m a t e , 28O 
__ _ d i h y d r a t e , 28O 

c h r o m i t e , 2OO 
——— c h r o m i u m a l l o y , 1 7 1 

d i o x y t e t r a f i u o m o l y b d a t e , 6 1 4 
} i e m i a r a m i n o c h r o m a t e , 28O 
m e t a t u n g s t a t e , 826 
m o l y b d a t e , 5 6 2 
m o l y b d e n u m a l l o y s , 5 2 3 
o c t o m o l y b d a t e , 5 9 7 

— — o r t h o d i s u l p h o m o l y b d a t e , 052 
o x y c h r o m a t e , 2 8 0 
p a r a t u n g s t a t e , 8 1 9 
p e n t a m m i n o c h r o m a t e , 2 8 0 
p e r m o n o s u l p h o m o l y b d a t e , 6 5 3 
p h o s p h a t o h e m i p e n t a m o l y b d a t e , 6 6 9 

— p h o s p h a t o h e x a t u n g s t a t e , 8 7 3 
p o t a s s i u m c h r o m a t e s , 2 8 1 

d i c h r o m a t e , 3 4 1 
t u n g s t e n t e t r a m m i n o e n n e a c h l o -

ride, 842 
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Cadrninum salts, 602 
sodium paratungstate , 819 
sulphate, 831 
sulphochromite, 433 
su lphomolybdate , 652 
sulphotellurite, 113 
sulpho tungstate , 859 
te l lur i te , 94 
telluride, 51 
tellurite, 80 
tetrafluodioxy tungstate , 839 
tetramininochromate , 28O 
trichromate, 351 
tr ioxybischromate, 28O 
tr i tungstate , 811 
tungstate , 788 

Cfnsiuni chroraate, 259 
chromium rnonohydrate, 419 

oxypentaehlori.de, 391 
pentachloride, 419 

. sulphate , 463 
• tetrachloride, 419 

tetrahydrate , 419 
— chromous sulphate , 435 

cobaltous chromate , 312 
— dichromate, 339 

disulphatochromiate , 463 
hexabromotel lurite , 105 
hexachlorotel lurite, 102 
hexadecamolybdate , 603 
hexaiodotel luri te , 106 
hydrotel lurate, 92 
m a g n e s i u m chromate , 277 
molybdate , 558 
m o l y b d e n u m dioxytetraohloride , 632 

dioxytrichloride, 632 
liexacliloride, 622 
pentabromide, 635 
pentachloride, 622 

m o l y b d e n y l pentabromide, 637 
pentachloride, 63O 

nickel chromate , 313 
oc tomolybdate , 596 
oxypentachlorotungst i te , 849 
paramolybdate , 586 
pentabromot ungst i te , fc 85 4 
pentafl uotel lurite, 98 
perdecamolybdate , 609 
perdisulphomolybdate , 654 
perdodecatungstate , 836 
perparatungstate , 836 
per te tramolybdate , 609 
phosphatoheptadecamolybdate , 667 
phosphatotr imolybdate , 667 
sulphomolybdate , 652 

• te tramolybdate , 593 
dihydrate, 593 
tribydrate, 593 

trichromate, 350 
tr imolybdate , 589 
tr imolybdenum dioxyheptachlor ide , 

632 
trioxytetrafluopermolybdate, 615 
tungs ten enneachloride, 842 

CaI, 673 
Calaverite, 2, 48 
Calcium a m m o n i u m chromate, 270 

paramolybdate , 586 
™« phospl iatol iemil ieptatungstate , 

873 

Calc ium barium chromate , 274 
chlorochromate, 398 
cl iromate, 267 
chromatosulphate , 450 
chromite , 198 
copper tungs ta te , 818 
dec a tungstate , 832 
dichromate, 340, 341 
dichroinito&ischrornate, 269 
dichromitochromate , 269 
dichromito<ywo£erchromate, 269 
dichromito*ea;te«chroinate, 269 
dichroinitotfrischrornate, 269 
d i tungstate , 8IO 

trihydrate , 810 
dodecamolybdate , 599 
hexachromito6i«chromate , 269 
iodatachromate , 27O 
lead chromates , 304 

m o l y b d a t e , 566, 569 
phosphatomolybdate , 671 

meta tungs ta te , 825 
mo lybdate , 560 
m o l y b d e n u m oxyte trabromide , 638 
oc tomolybdate , 596 
oxyft^chromate , 269 
o x y c h r o m a t e , 269 
o x y chromite , 198 
o x y trichromate, 351 

-—— paratungstate , 818 
— perchromate, 359 

perdichromate , 359 
perhexatungstate , 836 
permonosulphomolybdate , 653 
phosphatoc to tungs ta te , 872 
phosphatodecatungs ta te , 870 
phosphatohexatungs ta te , 873 

— potass ium chromate , 269 
dihydrate , 269 
rnonohydrate, 269 
p h o s p h a t o h e m i p e n t a m o l y b d a t e , 

669 
quinquemonochromate , 270 

—.— hemiheptahydrate , 27O 
sex imonochromate , 270 
su lphatochromates , 269 

pyrotel lurite , 8O 
sod ium paratungstate , 818 
su lphomolybdate , 052 
sulphotel lurite , 113 
su lpho tr imoly bdate , 652 
tel lurate , 93 
tel luride, 49 
tel lurite, 8O 
tetrachrornate, 352 
tetraehromitochrornite , 269 
t e t ramolybdate , 593 
tr imolybdate , 589 
t r ioxy chromite , 198 
tr i tungstate , 811 
tungs ta te , 783 

Caliche azufrado, 249 
Call, 673 
Carbon ditel luride 54 

sulphotel luride. 111 
Cerio a m m o n i u m d ihydroctodecamplybdate , 

6OO 
dodecamolybdate , 60O 

ani l ine dodecamolybdate , 600 
decachromite , 200 

oxypentaehlori.de
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C e r i c d i c h r o m i t e , 2OO 
h e p t i t o c t o c h r o m i t e , 2OO 
m o l y b d a t e , 6 6 4 
o e t o d e o a c h r o m i t e , 2 O l 
p e n t i t a d i c h r o m i t e , 2OO 

—- s i l v e r d o d e c a m o l y b d a t e , 6OO 
s o d i u m d o d e c a m o l y b d a t e , 6OO 
t e t r a c h r o m i t e , 2OO 
t r i t o c t o c h r o m i t e , 2OO 

C e r i o d o d e o a m o l y b d a t e s , 6 0 0 
C e r i u m c h l o r o t u n g s t a t e s , 8 5 2 
C e r o s i o m o l y b d a t e , 5 6 4 
C e r o u s a m m o n i u m m o l y b d a t e , 5 8 7 

t u n g s t a t e , 79O 
c h r o m a t e , 2 8 6 
m e t a t u n g s t a t e , 8 2 6 
m o l y b d a t e , 5 6 3 , 5 6 4 

• p a r a t u n g s t a t e , 8 1 9 
s o d i u m t u n g s t a t e , 7 9 0 
s u l p h o t u n g s t a t e , 8 5 9 
t e l l u r a t e , 9 6 

— — t u n g s t a t e , 7 8 9 
C h e r z o l i t e , 1 9 9 
C h i l l a g i t e , 6 7 8 , 7 9 3 
C h l o r i n e , 3 6 8 
C h l o r o a q u o m o l y b d o u s a c i d , 6 1 7 
C h l o r o a q u o t e t r a m m i n e s , 4 0 3 
C h l o r o a q u o t u n g s t o u s a c i d , 8 4 1 
— — d i h y d r a t e , 8 4 1 

m o n o h y d r a t e , 8 4 1 
C h l o r o c h r o m a t e s , 3 9 7 
C h l o r o c h r o m i c a c i d , 3 9 7 

o x i d e , 3 9 7 
C h l o r o d i a q u o t r i a m m i n e s , 4 0 3 
C h l o r o m o l y b d a t e s , 6 3 4 
C h l o r o p e n t a i n r a i n e s , 4 0 3 
C h l o r o p e n t a r n i n i n o d i i o d i d o c h r o m i c m e r -

c u r i i o d i d e , 4 2 8 
C h l o r o p e n t a q u o - s a l t s , 4 0 3 
C h r o m a t e s , 2 4 0 
C h r o r a a t o c o b a l t a m r a i i i e s , 3 1 2 
C h r o m a t o g l a s e r i t e , 2 5 8 
C h r o m a t o m o l y b d a t e s , 5 7 1 
C h r o m a t o s u l p h u r i c a c i d , 4 4 9 
C h r o m e - b r o w n , 3 0 9 

• i r o n o r e , 1 2 3 
o c h r e s , 1 8 5 
o r e , 1 2 3 
r e d , 2 8 3 
s p i n e l , 1 9 9 
t i n p i n k , 29O 

C h r o m i c a c i d , 2 1 1 , 2 1 3 , 24O 
( d i ) c h r o m i c a m m i n e s , 4 0 7 
( t r i ) c h r o m i c a m m i n e s , 4 0 8 
C h r o m i c a m m o n i u m c h l o r o p e n t a q u o d i e h l o -

r o s u l p h a t e , 4 6 8 
. c h l o r o p e n t a q u o d i s u l p h a t e , 4 6 8 
. c h l o r o p e n t a q u o s u l p h a t o h y d r o-

s u l p h a t e , 4 6 8 
. d i c h l o r o - h y d r o s x i 1 p h a t o t r i s u l ­

p h a t e , 4 6 9 
d i c h l o r o t e t r a q u o c h l o r o t r i s u l -

p h a t e , 4 6 9 
d i c h l o r o t e t r a q u o d i s u l p h a t e , 4 6 8 
h e p t a m m i n o e t o n i t r a t e , 4 0 9 , 4 7 8 

, h e x a c h l o r i d e , 4 1 7 , 4 1 8 
__-i__ h e x a h y d r a t e , 4 1 8 

m o n o h y d r a t e , 4 1 8 
p e n t a c h l o r i d e , 4 1 8 
t r i c h l o r o d i s u l p h a t e , 4 6 8 

vor*. xi. 

C h r o m i c a n h y d r i d e , 2 1 1 
a q u o c h l o r o t e t r a m m i n o c h r o m a t e , 3 0 6 
a q u o c h l o r o t e t r a m x n i n o d i c h l o r o t r i s -

m e r c u r i c h l o r i d e , 4 1 9 
a q u o p e n t a m m i n o h y d r o t e t r a n i t r a t e , 

4 7 6 
a q u o p e n t a m m i n o s u l p h a t e , 4 6 5 
a q u o p e n t a m m i n o t r i b r o m i d e , 4 2 3 
a q u o p e n t a m m i n o t r i c h l o r i d e , 4 1 1 
a q u o p e n t a m m i n o t r i c h l o r o t r i s m e r c u r i -

c h l o r i d e , 4 1 9 
:— a q u o p e n t a m m i n o t r i f l u o r i d e , 3 6 3 

——- a q u o p e n t a m m i n o t r i i o d i d e , 4 2 7 
a q u o p e n t a m m i n o t r i n i t r a t e , 4 7 7 
b i s e t h y l e n e d i a m i n o p r o p y l e n e d i a m i n o-

t r i b r o m i d e , 4 2 3 
' b i s e t h y l e n e d i a m i n o p r o p y l e n e d i a m i n o-

t r i i o d i d e , 4 2 7 
— b r o m i d e , 4 2 1 
— h e x a h y d r a t o , 4 2 2 

o c t o h y d r a t e , 4 2 1 
b r o m o a q u o b i s e t h y l e n e d i a m i n o d i b r o -

m i d e , 4 2 4 
b r o m o a q u o t e t r a m m i n o d i b r o m i d e , 4 2 4 

— b r o m o a q u o t e t r a m m i n o d i c h l o r i d e , 4 1 4 
b r o r n o d i a q u o t r i a m m i n o d i b r o r n i d o , 4 2 4 

• b r o m o d i a q u o t r i a m m i n o d i c h l o r i d e , 4 2 4 
b r o m o d i a q u o t r i a m m i n o s u l p h a t e , 4 6 6 
b r o m o p e n t a m m i n o c h r o m a t e , 3 0 7 
b r o m o p e n t a m m i n o d i b r o m i d e , 4 2 4 

- —• b r o m o p e n t a m m i n o d i c h l o r i d e , 4 2 4 
b r o r n o p e n t a n o r n i n o d i n i t r a t e , 4 7 7 

. b r o m o p e n t a q u o s u l p h a t e , 4 6 6 
c h l o r i d e , 3 7 1 

c o m p l e x s a l t s , 4 IO 
d e e a h y d r a t e , 3 7 7 
h o m i h y d r a t o , 3 7 4 
h e m i t r i h y d r a t e , 3 7 4 
h e x a h y d r a t o , 3 7 5 

b l u e , 3 8 1 
_ _ d a r k g r e e n , 3 7 5 

g r e y i s h b l u e , 3 8 1 
p a l e g r e e n , 3 7 6 
v i o l e t , 3 8 1 

t e t r a h y d r a t e , 3 7 4 
c h l o r i d e s , h y d r a t e d , 3 7 4 
c l i l o r o a q u o t e t r a m m i n o d i b r o m i d e , 4 2 4 
c h l o r o a q u o t e t r a m m i n o d i c h l o r i d e , 4 1 3 
c h l o r o a q u o t e t r a r n m i n o d i i o d i d e , 4 2 8 

- --— c h l o r o a q u o t e t r a m m i n o d i n i t r a t e , 4 7 7 
c h l o r o a q u o t e t r a m m i n o s u l p h a t e , 4 6 6 

— — c h l o r o d i a q u o t r i a m m i n o d i c h l o r i d e , 4 1 5 
c h l o r o d i a q u o t r i a m m i n o s u l p h a t e , 4 6 6 
c h l o r o d i c h r o m a t e , 3 4 3 

— c h l o r o p e n t a m m i n o c h r o m a t e , 3 0 6 
c h l o r o p e n t a m m i n o d i b r o m i d e , 4 2 4 
c h l o r o p e n t a m m i n o d i b r o m o m o r c u r i -

b r o m i d e , 4 2 5 
c h l o r o p e n t a m m i n o d i c h l o r i d e , 4 1 2 
c h l o r o p e n t a m m i n o d i c h l o r o t r i s m e r c u r i -

c h l o r i d e , 4 1 9 
c h l o r o p e n t a m m i n o d i i o d i d e , 4 2 8 
c h l o r o p e n t a m m i n o d i i o d i d e m e r c u r i -

i o d i d e , 4 2 8 
c h l o r o p e n t a m m i n o d i n i t r a t e , 4 7 7 
c h l o r o p e n f ^ a r u r n i n o h y d r o s u l p h a t e , 4 6 6 
c h l o r o p e n t a m i n i n o p e n t a s u l p h i d e , 4 3 1 
c h l o r o p e n t a q u o d i c h l o r i d e , 3 7 7 , 4 1 4 

h y d r a t e , 3 7 7 
c h l o r o p e n t a q u o s u l p h a t e , 4 6 6 , 4 6 7 

3 L 
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Chromic chlorosulphate (green), 467 
hexahydrate , 467 

. ootohydrate, 467 
pentahydrate , 467 

chlorosulphate (violet), 467 
hexahydrate , 468 
octohydrate , 467 

chromate, 210 
. decahydroxyt^tramminosxilphate, 467 

diammines , 406 
diamminodihydroxydini trate, 478 
dianaminohydroxide, 189 
diamminonitrate , 409 
d iamminopentahydroxyni trate , 478 
diamminoxalate , 409 
c i s - d i a q u o b i s e t h y l e n e d i a m i n o t r i b r o -

mide, 424 
_ trans-salt, 424 

cis- diaquobisetbylenediaminot r i c h l o -
ride, 412 

trans-salt, 412 
d i a q u o t e t r a m m i n o l i y d r o t e t r a n i t r a t e , 

477 
diaquotetramniinotribromide, 423 

- — diaquQtetramminotrichloride, 411 
-—-— dibromoaquotriamminobromide, 425 
- • d ibromoaquotriamminoiodide, 428 

dibromoaquotriamminonitrate , 477 
—- — dibromoaquotriamminosulphate , 466 
—-— cis-dibromobisethylen e d i a m i n o b r o -

mide, 425 
_ trans-salt , 425 

dibrornobisethylenediaininobromorrier-
curibromide. 425 

c is -dibromobisethylenediaminoiodide , 
428 

t r a n s - d i b r o m o b i s e t h y l e n e d i a m i n o n i ­
t ra te , 478 

trans-salt , 428 
dibromodiaquodiamminobromide, 425 
dibromodiaquodipyridinobromide, 425 
dibromodiaquodipyridinoiodide, 428 

- — dibromodiaquodipyridinonitrate , 478 
dibrornohexaqiiobromide, 422 
dibromotetraquoaluminohe x a q u o d i -

sulphate , 468 
. dibromotetraquochloride, 425 

- — dibromotet^raqiiochromihexaquodis u 1-
phate , 468 

dibromotetraquoferrihe x a q u o d i s u l -
phate , 468 

dibromotetraquosulphate , 466 
— — dibromotetraquovanadihexaquodi s u l ­

phate , 468 
dichloroaquotriamminochloride, 415 
dichloroaquotriamminoiodide, 428 
dichlorodiaqnotriamminoni trate , 478 
dichloroaqiiotmamminosii lphate, 466 
cis- dichlorobisethy I en e d i a m i n o b r o -

mide , 425 
trans-salt , 425 

cis-dichlorobisethylenedi a m i n o c h l o -
ride, 415 

trans-salt , 415 
cis- dichlorobisethy lenediaminochl o r b-

ant imonate , 420 
cis- dichlorobisethy lenediaminoh y d r o-

sulphate , 466 
cis- dichlorobisethy lenediaminoiod i d e, 

428 

Chromic cis- dichlorobisethylenediamin o n i -
trate , 478 

• trans-salt , 478 
dichlorodiaquodiamminochloride, 415 
d i c h l o r o d i a q u o d i p y r i d i n o b r o m i d e , 

425 
dichlorodiaquodipyridinochloride, 415 
dichlorodiaquodipyridinonitrate , 478 

— dichloronitrate, 476 
diohlorotetramminoiodide, 428 
diohlorotetramminosulphate , 466 
dichlorotetraquoaluminoh e x a q u o d i -

sulphate , 468 
dichlorotetraquobromi.de, 425 
dichlorotetraquochloride, 375, 377 

dihydrate , 376 
hexahydrate , 377 

olichlorotetraquochrornihexaqiiodi s u 1 -
phate , 468 

d ich lorote traquovanadihexaquodi su l -
phate , 468 

dihydroheptasnlphate , 466 
d ihydroxy bisethylenedi a m i n o t e t r a -

bromide, 425 
dihydroxychloride , 391 
d i h y d r o x y d i a q u o d i a m m i n o b r o r a i d e , 

425 
d i h y d r o x y d i a q u o d i a m m i n o c h l o r i d e , 

415 
d ihydroxydiaquodiamminoiodide , 428 
d ihydroxydiaquodipyr id ino b r o m i d e , 

425 
—•—- d ihydroxydiaquodipyr id inoch l o r i d e , 

415 
d ihydroxydiaquodipyridinoiodide , 428 
dihydroxydiaquodipyridinonitrate , 478 
d ihydroxy diaqrtodipyridinosu 1 p h a t e, 

466 
d ihydroxydiaquoethylenediaminochlo-

ride, 415 
d i h y d r o x y d i a q u o e t h y l e n e d i a m i n o -

iodide, 428 
d ihydroxy hex a ce tatot r i p y r i d i n o n i -

trate , 478 
dihy d r o x y q u a t e r e t h y l e n e d i a m i n o t e -

traiodide, 428 
dihydroxytetraquochloride , 391 
d ihydroxytetraquosulphate , 444 
dihydrotetrasulphate , 446 

hexadecahydrate , 446 
tetracosihydrate , 447 

. green form, 446 
v io le t form, 446 

di iodobisethylenediaminoiodide, 428 
di iodobise t h y lenediaminoiodomer curi -

iodide, 428 
d in i troxylheptoxypentachlor ide , 394 
d ioxycarbonate , 473 

— — dioxyheptamminotr in i trate , 478 
d ioxyhexamminodiohlor ide , 416 
d ioxyhexamminodis i i lphate , 467 
dioxys i i lphate , 444 
c i s - d a t h i o c y a n a t o b i s e t h y l e n e d i a m i n e , 

478 
—— f—— trans-salt , 478 

d i th iocyanatobise thy lenediamin o b r o-
mide , 425 

>* c is -di thiooyanatobisethylenedi a m i n o -
chloride, 416 

, trans-salt , 416 

tetraquobromi.de
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Cliromic c i s - d i t h i o c y a n a t o b i s e t h y l e n e d i -
aminohydrosulphate , 466 

. . trans-salt , 466 
di thiocyanatobisethylenediaminoiod o-

mercuriiodide, 428 
—.—. dithiocyanatotetramnainobromide, 425 

oUthiocyanatotetrainnxinochloride, 416 
. di thiocyanatotetramrninonitrate , 478 
• fluopentamminochromate, 306, 366 
f luopentamminodichloride, 381 
fluopentamrainodifliioride, 363 

tetrahydrate , 363 
hexahyclrate, 363 

f luopentamininodinitrato, 477 
— — fluoride, 362 

tr ihydrate , 362 
—. hemiheptahydrate , 362 

heptahydroxychlor ide , 391 
heptamminoni tratoxa la te , 409 
hexacarbamidobromodichromate , 343 

—r— hexacarbamidochlorochromato, 399 
— — hexacarbaraidochromate, 307 

hexacarbamidodichr ornate, 343 
-—— hexacarbamidodisulphatodichrom a t e , 

343 
hexacarbamidoni tr a t o d i c h r o m a t e , 

343 
hexacarbamidoperchloratodichrornate, 

343 
hoxacarbamidotetrabor o f l u o d i c h r o -

m a t e , 343 
— hexace ta tod ihy droxy triainrriinoiodide, 

428 
— — hexacetatod ihy droxy tripyridinoiodide, 

428 
hexace ta tohydroxyaquotr i p y r i d i n o -

chlorostaimato, 419 
h e x a o t h y l e n e d i a m i n o h o x a h y d r o x y -

chromate , 307 
l i e x a l i y d r o x y s e x i e s e t l i y l e n e d i a m i n o -

hexachloride, 416 
—_— hexahydroxysex iese thy lene d i a m i n o -

hexaiodide, 428 
hoxahy droxysexieset l iy lene d i a m i n o -

hoxaiodomercuriiodide, 428 
hexahydroxysex iese thy lene d i a m i n o -

hexanitrate , 478 
—— hexahydroxysex iese thy lene d i a m i n o -

sulphate, 467 
- hexamminobromide , 423 

_ hexamminochloride , 373 
_ hexamminohydrototrani trate , 476 

hexamminoiodos i i lphate , 468 
„„ hexamminophosphate , 481 

hexamminosulphate , 465 
__ hexamminotrichloride, 410 

hexamininotrichloroniercurich 1 o r i d e, 
419 

hexanoniinotriiodide, 427 
hexant ipyridinodichromate , 343 
hexantipyrinoborofhioride, 363 
hexaquochloroeulphate , 468 

__—.— hexaquofluoride, 363 
- enneahydrate , 363 

hexaquosexiesethylenedia m i n o h e x a -
bromide, 425 

hexaquotribromide, 422 
hexaquotrichloride, 382, 412 
hexaureanitrate , 477 
hydroxide , 185 

Chromic h y d r o x i d e trans-salt , 424 
c is -hydroxyaquobisethylenediaminodi-

chloride, 412 
. h y d r o x y a q u o t e t r a m m i n o d i b r o in i de, 

424 
hydroxychloroni trate , 476 
hydroxydecanominochlorotetraiod i d e, 

428 
h y droxy decamminohydroxydichlorodi -

iodide, 428 
h y d r o x y d e c a m m i n o h y d r o x y t e t r a b r o-

mi do, 425 
hydroxydecamminopentach lor ide , 416 
hydroxydecamminopenta iod ide , 428 
hydroxydecamminopentan i tra te , 478 
hydroxydecamminosu lphate , 466 

... hydroxydecamminote trabromide , 425 
hydroxydiaqxiodipyridinodic hlo ride, 

412 
hydroxydini tr i te , 475 

— — hexahydrate , 475 
h y d r o x y l a m i n e chloropentaquochloro-

snlphate , 468 
— chloropentaquosulpha t o h y d r o -

snlphate , 468 
hydroxypentachlor ide , 391 

- hydroxypentflniTnin obromide, 424 
. hydroxypentaraminochlor ide , 412 
— — hydroxypentamminochromate , 306 
- hydroxypentamminodi iod ide , 427 
— - hydroxypentanoni inodinitrate , 477 

— hydroxypentamminohydrox ide , 187 
hydroxypentarnrninosnlphate , 465 
hydroxypentaqnodichlor ide , 391 
h y droxy triaqnodianonoinosulphate, 465 
h y d r o x y triaqnodipyrid i n o s u l p h a t e , 

466 
iodide, 427 

enneahydrate , 427 
iodides, 427 
iodoaquotetramminodi iodide , 428 

—-— iodopentamminodichlor ide , 414 
iodopentarriminodiiodide, 428 

—-— iodopentamminodini trate , 477 
m a g n e s i u m h y d r o x y carbonate, 473 
mercuric s n l p h o t r i t h i o c y a n a t o d i a m -

mine , 409 
. metaphosphate , 481 

m o n a m m i n e s , 407 
-- ni trate , 474 

enneahydrate , 474 
. hemienneahydrate , 474 

hemipentacos ihydrate , 474 
hemipentadecahydrate , 474 

— trihydrate , 474 
nitratodiaqnotriajianiinodiiiitrate, 477 
ni tratopentamminodi iodide , 427, 477 

_.. nitratopentaniLrninodinitrate, 477 
nitritopentarnrninocarbonate, 473 
n i tr i topentamminochromate , 306 
ni tr i topentamminodibromide, 424 
nitritopentarnn-iinodichloride, 412 

— nitritopentajnrninodichlorobisnierciiri-
chloride, 419 

ni tr i topentamminodichromate , 343 
nitritopentananainodiiodide, 427 
nitritopeiatanijxdnodinitrate, 477 

-—— nitr i topentamminosulphate , 466 
-—-— orthophosphate , 479 

colloidal solut ion, 479 

898 
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Chromic or thophosphate col lo idal d ihy-
drate, 479 

. __ homipentahydrate , 479 
^ . hexahydrate , 479 

tetrahydrate, 480 
. ——. tr ihy drate, 479 

» o x a l a t o b i s e t h y l e n e d i a m i n o b r o m i d e , 
425 

oxalatobisethylenediaminoiodide, 428 
oxalatohemiennamminonitrate , 478 
oxalatotetramminobromide, 425 
oxalatotetrarnminochioride, 416 
oxalatotetramminonitrate , 478 
oxalatotr iammine acid, 409 
oxide, 176 

a-, 177 
— 0-, 178 

aerosol, 177 
colloidal, 190 
hydrated, 185 

—.— hydrogel , 194 
. hydrosol negat ive , 192' 

. pos i t ive , 191 
. organosol, 192 
• properties, chemical , 180 
. — physical , 177 

o x y a q u o t r i h y d r o x y h e x a m m i n o c h r o -
mate , 307 

— oxychloride, 391 
oxychlorides , 390 
oxydicarbonat©, 472 

• • oxydichloride, 391 
oxydisu lphate , 445 
o x y hydroxide , 185 
oxypentasu lphate , 445 
oxy te tra th iocyanato te trammine , 409 
oxyte trath iocyanatote trapyr id ine , 409 
pentaethylaminochlor ide , 373 
p e n t a h y d r o x y a q u o d e c a m m i n o - s a l t s , 

408 
pentahydroxycarbonate , 472 

—— pentahydroxydiaquo - e n n e a m m i n o -
salts , 408 

pentamethylaminochlor ide , 373 
—-—- pentainxninochloride, 373 
- — pentammmohydroxi .de , 187 
—— permonosulphomolybdate , 653 

phosphatoctochlor ide , 372 
—— potass ium carbonate, 473 
——. hydroxychromate , 210 
• pyrophosphate , 482 

pyrophosphate , 481 
quaterethylamine, 409 
quaterethylenediaminotrichloride, 409 
quinquiesethylaminotrichloride, 409 
quinquiesmethylaminotrichloride, 409 
salts , 602 
sod ium hexamminopyrophosphate , 482 
s tannate , 29O 
sulphate , 435 

enneahydrate , 436 
, . green hydrate , 437 

. henahydrate , 437 
. h e p t a h y drate, 437 
hexadecahydrate , 436 
hexahydrate , 437 
oc todecahy drate, 435 

„ octo hydrate , 437 
pentahydrate , 437 
tetradeoahydrate , 436 

Chromic s u l p h a t e tr ihydrate , 436 
violet hydrate , 435 

sulphates 
complex sal ts , 452 

sulphatonitrate , 476 
sulphide, 430 
su lphomolybdate , 652 
telluxate, 97 
terethylenediaminotrinitrate , 476 
tetraethylaminochloride, 373 
tetra^thylenediaminochloride, 373 
tetrahydropentasulphide , 447 
te trahydroxysulphate , 445 
te trammmodini trate , 409 
te tramminosulphate , 409 
tetranitratosulphate , 476 

——• te traquodiamminosulphate , 465 
tetraquodianozninotribroniide, 424 
tetraquo\i iamminotrichloride, 412 
tetraquodichlorochloride, 415 
tetraquodipyridinohydrosulphate , 465 
t e t r a q u o d i p y r i d i n o t r ! b r o m i d e , 412, 

424 
tetraquodipyridinotrinitrate , 477 
c i s - th iocyanatobisethyle n e d i a m i n o -

iodide, 428 
t h i o c y a n a t o p e n t a m m i n o d i b r o m i d e , 

434 
t h i o c y a n a t o p e n t a m m i n o d i c h l o r i d e , 

415 
• th iocyanatopentamminod ic h r o m a t o , 

343 
th iocyanatopentamminodin i t ra te , 477 
tr iamminochlorodibromide, 425 
tr iamminodichlorobromide, 425 
tr iamminotr ibromide, 425 
triaquochloride, 381 
triaquotrianaminodichloronitrate, 477 
triaquotrianiniinotribroniide, 424 
tr iaquotriamnnnotrichloride, 411 
triaquotrifiuoride, 363 
tr ihydrophosphate , 481 
t r i h y d r o x y a q u o h e x a m m i n o c h l o r o d i -

chloraurate, 419 
tr ihydroxyaquohexamminohemie i inea-

Bulphide, 431 
t r ihydroxyaquohexamminohy d r o s u l -

phate , 467 
tr ihydroxyaquohoxamminotr ibromide , 

425 
tr ihy dr o x y a q u o h e x a m m i n o trichloride, 

416 
t r ihydroxyaquohexamminotr i i o d i d e , 

428 
tr ihy dr o x y a q u o h e x a m m ino trini t r a t e , 

478 
tr ioxytrisulphate , 445 
tr iphosphate , 482 
tripyridinochloride, 373 
tr isethylenediaminodichromate , 343 
t rise t h y lenediaminotribromide, 423 
trisethylenedianiinotrichloride, 411 
tr isethylenediani inotri iodide, 427, 428 
tr i spropylenediaminotmodide , 427 

Chromides, 179 
Chromidodecamolybdates , 601 
Chromidodecamolybdic acid, 602 
Chromienneasulphuric acid, 448 
Chromilerous ferropicotite, 201 

iron ore, 123 

pentammmohydroxi.de
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C h r o m i h e p t a s u l p l m r i c ac id , 448 
C h r o m i h e x a s u l p h u r i c ac id , 447 
C h r o i n i o c t o s u l p h u r i c ac id , 448 
C h r o i n i p e n t a s u l p h u r i c ac id , 447 
C h r o m i p o l y s u l p h u r i c ac id , 448 
C h r o m i p y r o p h o s p h o r i c ac id , 481 
C h r o m i s u l p h u r i c ac id s , 447 
C h r o m i t e , 123 , 125, 199, 2Ol 
C h r o m i t e s , 196 
C h r o n i i t e t r a s u l p h u r i c ac id , 447 
C h r o m i t i t e , 125 , 2Ol 
C h r o m i t r i s u l p h a t o c l i r o m i c ac id , 448 

a c i d s , 448 
C h r o m i t i - i s u l p h a t o d i c h r o m i c ac id , 448 
C h r o i n i t r i s u l p h a t o t r i c h r o r n i c ac id , 448 
a - c h r o m i u m , 148 
^ - c h r o m i u m , 148 
C h r o m i u m , 122 

a l c h o l a t o e h l o r i d e , 373 
a l loys , 179 
a l u m i n i u m a l loys , 172 
a m a l g a m , 171 
a m m i n e s , 400 
a m m o n i u m a l u m i n i u m s u l p h a t e , 463 

ferr ic s u l p h a t e , 463 
hexa f luo r ide , 363 
pen t a f l uo r ide , 363 
p o t a s s i u m s u l p h a t e , 463 
p h o s p h a t e , 482 
s u l p h a t e , 452 
t e t r a c h l o r i d e , 417 
t r i a m m i n o - o x a l a t o c h l o r i d e , 417 

a n t i m o n i o c t o c h l o r i d e , 372 
a t o m i c d i s i n t e g r a t i o n , 169 
• • n u m b e r , 169 

w e i g h t , 167 
b e r y l l i u m p e n t a c h l o r i d e , 419 
b r o m i d e s , 421 
c a d m i u m a l loys , 171 
caesium o x y p e n t a c h l o r i d e , 391 

p e n t a c h l o r i d e , 419 
m o n o h y c l r a t e , 419 
t e t r a h y d r a t e , 419 

s u l p h a t e , 4 6 3 
t e t r a c h l o r i d e , 419 

c a r b o n a t e s , 471 
ch lo r ides , 366 
c h r o m a t e , 206 , 2IO 
c h r o m a t e s , 306 
col loidal , 139 
c o p p e r a l loys , 170 

p e n t a f l u o r i d e , 364 
d i b r o m i d e , 421 

• c i s - d i b r o m o t e t r a m m i n o b r o m i d e , 424 
• t r a n s - d i b r o m o t e t r a m m i n o b r o m i d e , 424 
• c i s - d i b r o m o t e t r a m m i n o c h l o r i d e , 424 
c i s - d i b r o m o t e t r a m m i n o i o d i d e , 424 
d ioh lor ide , 366 
d i c h r o m a t e , 343 
di f luor ide , 361 
d i iod ide , 427 
d i o x i d e , 208 

d i h y d r a t e , 208 
h e m i h y d r a t e , 208 
h e m i t r i h y d r a t e , 208 

d i o x y d i c h l o r i d e , 391 
d i o x y di f luor ide , 364 
d r o x y p h o s p h o o h l o r o t r i b r o m i d e , 395 
e l ec t ron ic s t r u c t u r e , 169 
e r y t h r o -sa l t s , 408 

C h r o m i u m e x t r a c t i o n a s o x i d e o r c h r o m a t e , 
129 

fluorides, 361 
go ld a l loys , 171 
h e m i h e p t a s u l p h i d e , 433 
h e m i t r i o x i d e , 176 
h e m i t r i s u l p h i d e , 43O 
h e x a - a c i d s a l t s , 407 
h e x a m m i n e s , 4OO 
h e x i t a p e n t a d e c o x i d e , 210 

— d o d e c a h y d r a t e , 2IO 
H i s t o r y , 122 
h y d r a z i n e s u l p h a t e , 454 
h y d r o s o l , 139 
c i s - h y d r o x y a q u o b i s e t h y l e n e d i a m i n o d i -

i o d i d e , 427 
t r a n s - s a l t , 427 

- h y d r o x y d e c a m m i n o p e n t a b r o m i d e , 
4 2 5 

• h y d r o x y d e c a m m i n o t r i c l i l o r o d i c h l o r a u -
r a t e , 419 

• h y d r o x y l a m i n e s u l p h a t e , 454 
i s o b u t y l a l c o s o l , 139 
l e a d a l loys , 173 
l i t h i u m p e n t a c h l o r i d e , 418 
l u t e o s a l t s , 40O 
m a g n e s i u m p e n t a c h l o r i d e , 419 

- m e r c u r i c t r i t h i o c y a n a t o h e x a s u l p h o d i 
a m m i n e , 433 

- m e r c u r y a l loy , 171 
- m o l y b d a t e s , 57O 
• m o l y b d e n u m a l loys , 524 
- m o n o c h l o r i d e , 366, 367 
• h e x a h y d r a t e , 367 

t e t r a h y d r a t e , 367 
m o n o s u l p h i d e , 429 
m o n o x i d e , 174 
n i t r a t e s , 473 
o c c u r r e n c e , 121 
o c t i t a p e n t a d e c o x i d e , 207 

O x i d e , I n t e r m e d i a t e , 206 
o x i d e s , lower , 174 
o x y b r o m i d e s , 421 
oxyf luo r ides , 364 
o x y h e p t a c h l o r i d e , 391 
o x y i o d i d e s , 421 
o x y t e t r a c h l o r i d e , 391 
o x y t u n g s t a t e , 796 
p a r a t u n g s t a t e 819 
p a s s i v e , 148 
p e n t a m m i n e s , 402 
p e n t a t u n g s t a t e , 829 

p e n t a h y d r a t e , 829 
p e n t i t a d o d e c o x i d e , 2IO 

— — p e n t i t a t r i d e c o x i d e , 206, 2IO 
p e n t i t e n n e a o x i d e , 206 

— e n n e a h y d r a t e , 207 
p h o s p h a t e s , 479 
phys io log i ca l a c t i o n , 163 
p o t a s s i u m h e x a c h l o r i d e , 419 

hexa f luo r ide , 364 
o x y p e n t a c h l o r i d e , 391 
p e n t a c h l o r i d e , 418 
pen t a f luo r ide , 363 

• p h o s p h a t e , 482 
s u l p h a t e , 454, 831 
t e l l u r a t e , 97 
t e t r a c h l o r i d e , 418 

p r e p a r a t i o n , 129 
p r o p e r t i e s , c h e m i c a l , 16O 
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C h r o m i u m propert ies , physical , 142 
purpureo-salts , 403 
pyrophoric, 139 
reactions analyt ical interest , 163 
rhodo-salts , 407, 408 
rosco-salts, 401, 403 
rubidium bromide, 425 

oxypentachlor ide , 391 
pentachloride, 419 

monohydrate , 419 
sulphate , 403 
tetrachloride, 419 

sesqui oxide, 176 
sesquisulphide, 430 
silver, al loys, 171 
sodium hexachloride, 418 

> pentafluoride, 363 
phosphate , 482 
pyrophosphate , 482 
sulphate , 454 
tetrachloride, 418 

sulphates , 434 
sulphides, 429 

— sulphochrornate, 448 
sulphochromite , 433 
tanta lum al loys , 173 
telluride, 62 
tel lurite, 81 
te trammines , 404 
te tratungstate , 796 
te tr i taenneaoxide , 2IO 
tetr i taheptasulphide , 433 
tetroxides , 358 

complex , 358 

C h r o m i u m xantho-sa l t s , 403 
z inc al loys , 171 

. pentafluoride, 364 
Chromobrugnatel l i te , 473 
Chromodisulphochromic acid, 449 
Chromoferrite, 2Ol 
Chromoglaserite , 258 
Chromoheroynite , 2Ol 
Chromopicot i te , 201 
Chromosic oxide, 175 
Chromosulphochromates , 449 
Chromosulphochromic acid, 449 
Chrornotelluric acid, 97 
Chromous a m m o n i u m carbonate , 471 

fluoride, 362 
sulphate , 434 

bromide, 421 
caesium sulphate , 435 
carbonate , 471 
chloride, 366 

d ihydrate , 37O 
te trahydrate , 369 
tr ihydrate , 37O 

- thal l ium sulphate , 464 
- thal lous enneafluoride, 364 

hexachloride, 419 
- t i n al loys , 172 
- tr iammines , 406 
- tr iamminochloroxalate , 424 
- tr iamminodichloroaquochloride, 417 

tr iamminodichloroaquoiodide , 417 
- tr iamminodichloroaquonitrate , 417 
- tr iammmodichloroaquosulphate , 417 
- triamminotetroxi .de, 358 

triarnminotriaquodichloronitrate, 412 
• triarriminotriaquodihydroxyiodide, 417 
- tr iamminotr iaquotr ibromide, 417 

tr iamminotriaquotriperchlorate , 412 
• tr iantimoniododecachloride, 372 

trichloride, 371 
trifluoride, 362 
tr i iodide, 427 

enneahydrate , 427 
• tr ioxide , 211 

properties, chemical , 229 
— physical , 214 
tr ioxyphosphodichlorotr ibromide, 395 
tr ioxyphosphopentachlor ide , 395 
tr ioxytr ichloride , 395 
tr ipyridinotribromide, 423 
tr i ta te traoxide , 175 

m o n o hydrate , 175 
tr ihydrate , 175 

tr i tatetrasulphide , 4 3 3 
t u n g s t a t e , 796 
t u n g s t e n h e x a m m i n o e n n e a c h l o r i d e , 

842 
uses , 163 
va lency , 167 

d ihydrazinobromide , 421 
dihydrazinochloride, 368 
fluoride, 361 
h e x a m m i n o b r o m i d e , 421 

- hexamminodich lor ide , 368 
hexamminodi iod ide , 427 

-—- hydraz ine su lphate , 435 
hydrochloride , 368 
hydrox ide , 174 
iodide, 427 
l i th ium carbonate , 471 
m a g n e s i u m carbonate , 472 

su lphate , 435 
m e t a p h o s p h a t e , 479 
ni trate , 473 
oxide , 174 
phosphate , 479 
po tas s ium carbonate , 472 

fluoride, 362 
su lphate , 435 

rubidium sulphate , 435 
salts , 174 
s o d i u m carbonate , 471 

deeahydrate , 471 
m o n o h y d r a t e , 472 

su lphate , 435 
su lphate , 434 

heptahydra te , 434 
m o n o h y d r a t e , 434 

sulphide , 429 
sulphoaluxninate, 430 
su lphochromite , 433 
tr iamminodichlor ide , 368 
z inc su lphate , 435 

Ohrornowulfenite, 566 
Chromyl a m m o n i u m dimiochromate , 365 

bromide , 426 
chloride, 391 
chromate , 208 

— fluoride, 364 
iodide, 428 
pent i tahexach lor ide , 396 
phosphodiohloradi iodide, 395 
phosphodichloropentabromide , 395 
phosphodichlorotr i iodide , 395 
su lphate , 449 

m o n o h y d r a t e , 4 4 9 

triamminotetroxi.de


C h r o m y l s u l p h u r y 1 ch lo r ide , 469 
t r i t a d i c h l o r i d e , 396 

C i t ronge lb , 2 7 3 
C o b a l t a m m o n i u m d e c a m o l y b d a t e , 574 

c h l o r o c h r o m a t e , 399 
c h r o m i t e , 204 
d e c a t u n g s t a t e , 832 
d i c h r o rna te , 344 
d i o x y t e t r a f l u o m o l y b d a t e , 614 
d i t u n g s t a t e , 810 
h e m i t r i t e l l u r i d e t e t r a h y d r a t e , 73 
h y d r o p h o s p h a t o d i m o l y b d a t e , 67O 
p e r m o n o s u l p h o m o l y b d a t e , 654 

-—-— p h o s p h a t o d o d e c a m o l y b d a t e , 663 
—— s u l p h a t e , 831 

s u l p h o c h r o m i t e , 4 3 3 
s u l p h o m o l y b d a t e , 663 

-—— su lpho t e l l u r i t e , 114 
s u l p h o t u n g s t a t e , 859 
t e l l u r a t e , 97 
t e l lu r ide , 63 
t e l lu r i t e , 82 

m o n o h y d r a t e d , 82 
t r i t u n g s t a t e , 812 
t u n g s t e n h e x a m m i n o e n n e a e h 1 o r i d e , 

842 
Coba l t i c a m m o n i u m a q u o p e n t a m r n i n o m o-

I y b d a t e , 575 
b a r i u m d e c a m o l y b d a t e , 575 
d e c a m o l y b d a t e , 598 

— d o d e c a m o l y b d a t e , 574 
—-— a q u o n i t r i t o t e t r a r m m i n o m o l y b d a t e , 575 

a q u o p e n t a m m i n o c h r o m a t o b i s d i c h r o -
m a t e , 344 

a q u o p e n t a m m i n o d i c h r o m a t e , 344 
a q u o p e n t a m m i n o m o l y b d a t e , 575 
b a r i u m e n n e a m o l y b d a t e , 575 
b i s p r o p y l d i a m i n o ' d . i a m m i n o d i c h r o -

m a t e , 344 
— — b r o m o p e n t a m m i n o c h r o m a t e , 311 

c h l o r o a q u o t e t r a m m i n o c h r o m a t e , 311 
c h l o r o p e n t a m m i n o c h r o m a t e , 3 1 1 , 312 

—- c h l o r o p e n t a m m i n o d i c h r o m a t e , 344 
c h l o r o p e n t a m m i n o m o l y b d a t e , 575 
c h r o m a t o a q u o t r i a m m i n o d i c h r o m a t e, 

344 
c h r o m a t o p e n t a m m i n o c h l o r i d e , 312 
c h r o i n a t o p e n t a n o m i n o c h r o r n a t e , 312 
c h r o m a t o p e n t a m m i n o n i t r a t e , 312 
c h r o m a t o t e t r a m r n i n o c h r o m a t e , 312 

-—-—• c h r o m a t o t e t r a m m i n o d i c h r o m a t e , 344 
c h r o m a t o t e t r a r n m i n o n i t r a t e , 312 
d i a q u o t e t r a n a m i n o m o l y b d a t o d i m o l y b -

d a t e , 575 
d i b r o m o t e t r a m m i n o d i c h r o r n a t e , 344 
d i c h l o r o t e t r a m m i n o d i c h r o m a t e , 344 

m o n o h y d r a t e d , 344 
d i c h r o m a t o p e n t a m m i n o c h r o r n a t e , 344 
d i c h r o m a t o t e t r a m m i n o d i c h r o m a t e , 

344 
d imo ly b d a t o t e t r a m r n i n o t r imo ly b d a t e , 

575 
4 c i s - d i n i t r i t o t e t r a i n j n i n o c h r o r n a t e , 311 

t r a n s - d i n i t r i t o t e t r a m m i n o c h r o m a t e , 
311 

t r a n s - o U n i t r i t o t e t r a r n n o i n o d i c h r o n i a t e , 
344 

d i o x y d e c a a n m i n o d i c h r o m a t e , 344 
e n n e a o n m i n o d i e h r o m a t e , 344 
fluopentamminochromate, 311 
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C o b a l t i c h e x a h y d r o x y d o d e c a m m i n o m o l y b -
d a t e , 576 

h e x a m m i n o c h l o r o c h r o m a t e , 3 1 1 , 399 
_ h e x a m m i n o c h r o r n a t e , 3IO 

h e x a m m i n o d i c h r o m a t e , 344 
h e x a m m i n o h e p t a f l u o t e t r o x y d i t u n g -

s t a t e , 84O 
-—— h y d r o x y c h r o m a t o t r i a m m i n e , 312 

h y d r o x y p e n t a m m i n o m o l y b d a t e , 575 
—_— i o d o p e n t a m m i n o d i c h r o m a t e , 344 

i s o t h i o c y a n a t o p e n t a m m i n o c h r o m a t e , 
311 

m o l y b d a t e s , 574 
m o l y b d a t o n i t r i t o t e t r a m m i n o m o l y b ­

d a t e , 575 
m o l y b d a t o p e n t a m m i n o m o l y b d a t e , 575 
m o l y b d a t o t e t r a m m i n o m o l y b d a t e , 575 
m o l y b d a t o t e t r a m m i n o n i t r a t e , 575 
m o l y b d a t o t e t r a m m i n o t r i m o l y b d a t e , 

575 
n i t r a t o p e n t a m m i n o c h r o r n a t e , 311 
n i t r a t o p e n t a m m i n o d i c l i r o m a t e , 344 

• n i t r a t o p e n t a m m i n o m o l y b d a t e , 575 
—-— n i t r a t o t e t r a m m i n o m o l y b d a t e , 575 

n i t r i t o p e n t a m m i n o c h r o m a t e , 311 
i i i t r i t o p e n t a n i i r i i n o d i c h r o r n a t e , 344 

— c i s - n i t r i t o t e t r a r n i n i n o d i o h r o i n a t e , 344 
. o c t a m m i n o c h r o m a t e , 311 

d e c a h y d r a t e , 311 
t e t r a h y d r a t e , 311 

— — p e n t a m m i n o p a r a m o l y b d a t e , 587 
p l a t i n i c h e x a m m i n o c o s i t u n g s t a t e , 803 
p o t a s s i u m d e c a m o l y b d a t e , 574 , 598 

d o d e c a m o l y b d a t e , 574 
s a l t s , 602 
t e t r a t b i o c y a n a t o d i a i m n i n o c h r o r n a t e s , 

311 
—• t h i o c y a n a t o p e n t a m m i n o m o l y b d a t e , 

575 
-—-— t h i o s u l p h a t o p e n t a m m i n o c h r o m a t e , 

311 
t r i c h r o m a t o t e t r a m m i n e , 312 

C o b a l t o u s a m m o n i u m c h r o m a t e , 312 
. d i a m m i n o m o l y b d a t e , 574 

d i a m m i n o q u a t e r o c h r o m a t e , 312 
d i c h r o m a t e , 344 
d i h y d r o p h o s p h a t o h e m i p e n t a m o-

l y b d a t e , 670 
p a r a m o l y b d a t e , 587 

.— p e n t a m o l y b d a t e , 594 
p h o s p h a t o h e m i p e n t a m o l y b d a t e , 

670 
b i s e t h y l e n e d i a m i n o c l i r o m a t o , 310 
c e s i u m c h r o m a t e , 312 
c h r o m a t e , 3IO 

d i h y d r a t e , 310 
d i a m m i n o m o l y b d a t e , 574 
d i h y d r o p h o s p h a t o h e m i p e n t a m o l y b -

d a t e , 67O 
d i m o l y b d a t e , 581 

d i h y d r a t e , 581 
d i o x y c h r o m a t e , 3IO 
m e t a t u n g s t a t e , 827 
m o l y b d a t e , 574 
.——- m o n o h y d r a t e , 574 
o x y c h r o m a t e , 310 

m o n o h y d r a t e , 310 
o x y q u a t e r o c h r o m a t e , 312 
p a r a t u n g s t a t e , 820 
p h o s p h a t o h e m i p e n t a m o l y b d a t e , 669 

902 
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Cobaltoua po tas s ium chromate , 312 
oxyquaterochromate , 312 
p h o s p h a t o h e m i p e n t a m o l y b d a t e , 

67O 
sodiuna dodecamolybdate , 603 

. paramolybdate , 587 
paratungstate , 82O 

. tr imolybdate , 690 
tr imolybdate , 590 

— tungstate , 802 
dihydrate, 802 

Colloidal tel lurium disulphide, 110 
Coloradoite, 2, 51 
Columbium chromate, 306 

molybdate , 570 
Coolgardite, 2 
Copper a luminotungstate , 789 

a m m o n i u m chromate , 262 
diammiriochromate, 262 
d iamminomolybdate , 559 

. molybdate , 559 
. pentaf luodioxy tungs ta te , 839 
_ p h o s p h a t o h e m i p e n t a m o l y b d a t e , 

669 
tellurite, 79 
tungstate , 782 
tungs ten te tramminoenneachlo -

ride, 842 
calcium tungstate , 818 

• chromate , 26O 
— chromium al loys , 17O 

pentafluoride, 364 
decamminomonoxyb i schromate , 262 
diamminonaolybdate , 559 
d iamminotungs ta te , 782 
d ioxychromate , 261 
d ioxytetraf luomolybdate , 614 
di tungstate , 809 
hemiheptaminino-chromate , 261 
hemitel luride, 42 
hemitritel luride, 42 
h e x a m m i n o m e t a t u n g s t a t e , 825 
hexoxychromate , 262 
lead chromate , 304 
meta tungs ta te , 825 
molybdate , 558 
m o l y b d e n u m al loys , 522 

pentaf luomolybdate , 611 
n i tratotungstate , 862 
orthotel lurate, 92 
o x y m o l y b d a t e , 559 
paratungstate , 817 
pentitatritel luride, 43 
pentoxybischromate , 2G2 
permolybdate , 608 
permonosulphomolybdate , 653 , 

• phosphatodimolybdate , 670 
phosphatododecamolybdate , 663 
phosphatododecatungstate , 867 
phosphatoenneamolybdate , 667 
phosphatoenneatungs ta te , 871 
phosphatohemipentamolybdate , 669 
phosphatohexatungs ta te , 872 
plat inic cos i tungstate , 803 

m o l y b d a t e , 676 J 
p o t a s s i u m diamminochrornate, 263 

oxyquadr ichromate , 263 
— oxytrischrornate, 263 

p h o s p h a t o h e m i p e n t a m o l y b d a t e , 

Copper p o t a s s i u m t u n g s t e n tetrarnminoen-
neachloride, 842 

• pyrophosphato tungs ta te , 874 
sod ium dioxydichrornate, 339 

paratungstate , 818 
• sulphochromite , 432 

sulphotel lurite , 113 
su lphotungstate , 859 
tel lurate, 92 

• tel luride, 42 
tel lurite, 79 

•— tetraf luodioxytungstate , 839 
tetrarnrninocnronaate, 261 
t e t ramminomolybdate , 559 

• • t e t ramminotungs ta te , 782 
— _ tetratotriarnrninochronriate, 261 

tetritatritel luride, 43 
• t r ichromats , 351 
trixnolybdate, 689 
tr ioxychromate , 261 

• tr i tungstate , 811 
tungs ta te , 782 

d ihydrate , 782 
tungs ten al loys , 741 

Crocoise, 29O 
Crocoisite, 125, 290 
Croooite, 125, 29O 
Cupric a m m o n i u m dichromate , 337 

diclirornate, 339 
hexachromi te , 198 
h e x o x y c h r o m i t e , 198 
oxyootochromi te , 198 
sa l t s , 602 
su lphomolybdate , 652 

• t r ideeoxychromite , 198 
tr ioxychromite , 198 

Cuproscheel ite , 678, 782, 818 
Cuprosio t u n g s t a t e , 782 
C u pro tungs ta te , 782 
Cuprotungst i te , 678 
Cuprous chromite , 197, 198 

m o l y b d a t e s , 558 
tel luride, 4O 
t u n g s t a t e , 782 

Daubree i te , 125 
Uaubree l i te , 433 
Decaramine-ol -dichromic salts , 407 
l>ecamolybdates , 695 
I>iaquobisethylenediamines , 402 
IDiaquotetramido-salts , 402 
D i a q u o t e t r a m m i n e s , 402 
IMbromoaquotriamrnines, 405 
Dibromobise thy lened iamines , 405 

ois-salts, 405 
trans-salts , 405 

D ibromodiaquod iammines , 405 
Dibromodiaquopyr id ines , 405 
I>ibromotetraquo-salts , 405 
IMchloroaquotriammines, 404, 405 
13 ichlorobise thy lenedi amines , 404 

dextro-c i s sa l ts , 404 
inac t ive sa l ts , 404 
hevo-cis-salts , 404 
trans-salts , 404 

I)ieluorodiaquoo^arnrnines, 405 
I>ichlorodiaquodipyridines, 405 
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Dichloroth iocyanatotr iammine , 406 
Dichromates , 323 
Dichromic acid., 214 
D i c h r o m y 1 a m m o n i u m tetrafluochr o r n a t e , 

365 
D i d y m i i u n chromate , 287 

m e t a t u n g s t a t e , 826 
paratungstate , 819 
potass ium chromate , 287 
sod ium tungs ta te , 791 
tr ihydromolybdate , 564 
tungs ta te , 791 

Dietze i t i , 126, 27O 
Di l iydroxyd iaquodiammines , 404 
Dihydroxydiaquodipyridin.es , 404 
D ihydroxyd iaquoe thy lened iamines , 404 
D i h y d r o x y l a m i n e a m m i n o m o l y b d a t e , 552 
Dihydroxyquatore thy lened iamines , 408 
Di iodobise thylenediamines , 405 
Dimercur iammonium a m m o n i u m chromate , 

284 
chromate , 283 

D i m o l y b d a t e s , 580, 582 
Dioxa la tod iammines , 407 
IDioxalatodiaquo -salts, 407 
X>ioxalatoethylenediamines, 407 
Diperchromates , 357 
Diperchromic acid, 361 
Dipertungst ic acid, 835 
Diplat in ic a m m o n i u m tr iaconta tungs ta te , 

803 
barium tr iaconta tungs ta te , 803 
mercurous t r iaconta tungs ta te , 803 
potass ium tr iaconta tungs ta te , 803 

Di th iocyanatob i se thy lened iamines , 405 
* cis-salts , 405 

trans-salts , 405 
D i t h i o c y a n a t o t e t r a m m i n e s , 405 
Di tungs ta te s , 773, 809 
Dodecamolybdates , 582 , 599 
Dodecatungs ta te s , 773 
Domanganowol framites , 798 
Durdeni te , 2 

te trahydrate , 82 
Dyspros ium chromate , 288 

E 
E a r t h alkali-alkaline tungsten-bronzes , 751 
Eisenchrom, 201 
Elasmose , 114 
E m m o n s i t e , 2, 82 
Empress i te , 2, 44 
Enneachloroditungst io acid, 842 
Enneaohloromolybdous acid, 618 
E n n e a m o l y b d a t e s , 595 
Erb ium chromate , 288 

sod ium tungstate , 791 
E ry thro-salts , 408 

F 

Ferberite, 678, 798 
Ferric a m m o n i u m chromate , 309 

.. chromium sulphate , 463 
dodecamolybdate , 602 
dodecatungs ta te , 832 

„ paratungstate , 820 
pentadecoxysex ieschromate , 310 

Ferric a m m o n i u m sulphate , 831 
barium tungs ta te , 8Ol 
chromate , 309 
dichromate , 343 

— guanid inu im paratungs ta te , 820 
m e t a t u n g s t a t e , 827 
m o l y b d a t e , 573 
oxybisd ichromate , 343 
o x y t u n g s t a t e , 801 
permonosu lphomolybdate , 654 
phosphatododecamolybdate , 663 
phosphatoenneamolybdate , 667 
phosphatohemipentamolybdate , 669 
potass ium chromate , 3IO 

decatungs ta te , 832 
d ioxyundec ieschromate , 3IO 
dodecamolybdate , 603 
dodecatungs ta te , 832 
enneadecaoxybi schromate , 3IO 
enneaoxyquaterchromate , 310 
oxysept i e schromate , 3IO 
pentadecoxydec i e schromate , 310 
pentoxydec ieschromate , 3IO 
tr ioxynovieschrornate , 3IO 
— decahydrate , 3IO 

hexahydra te , 3IO 
tr ioxysexieschrornate , 3IO 
t u n g s t a t e , 801 

pyr id ine chromate , 310 
s o d i u m oxyquinquieschromate , 310 
su lphomolybdate , 682 
sulphotel lurite , 114 
su lphotungsta te , 859 
tel lurate, 97 
tel luride, 63 
tel lurite, 82 
t r ioxy tungs ta te , 801 

Ferr imolybdi te , 573 
Ferr i tungstate , 8Ol 
Ferri tungst i te , 678 
Ferromanganowolframites , 798 
Ferrotel lurite , 97 
Ferrous chromate , 309 

chromite , 2Ol 
d i tungs ta te , 8IO 
m e t a t u n g s t a t e , 827 
m o l y b d a t e , 573 
oxychromi te , 202 
paratungstate , 82O 
permonosu lphomolybdate , 654 
sulphochromite , 433 
su lphomolybdate , 653 
sulphotel lurite , 114 
su lphotungs ta te , 859 
tel lurate , 87 
tel luride, 63 
tel lurite, 82 
t e tramolybdi te , 488 
tungs ta te , 798, 8Ol 

tr ihydrate , 8Ol 
Ferro wolframites , 798 
Ferrum arsenico mineral isatum, 673 

calciforme, 673 
Ferryl chromate , 309 
Fluochromic acid, 365 
Fluodichromates , 365 
F luod ioxytungs ta te s , 838 
F luopentammines , 403 
Fluotel lurites , 98 
Fluotr ichromates .366 

Dihydroxydiaquodipyridin.es
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G 

Gadol in ium chromate, 288 
paratungstate , 819 
potass ium chromatea, 288 
so din ITi tungs ta te , 791 

Gall ium molybdate , 563 
Gelbbleiery, 566 
Gelberz, 1, 2 
Giallo di bariti, 273 

stronziana, 271 
Gold a m m o n i u m a m m i n o p h o s p h a t o m o-

lybdate , 671 
sodium, pyrophosphatohernihena-

molybdate , 671 
chromate, 267 
chromium al loys , 171 
ditelluride, 48 
hemitelluride, 48 
lead sulphote l lurant imonite , 114 
molybdate , 56O 
m o l y b d e n u m al loys , 522 
monotel luride, 49 
ore, grey, 1 

whi te , 1 
permonosulphomolybdate , 653 
si lver monotel luride, 49 

telluride, 96 
te l lurobismuthite , 62 

sod ium a m m i n o p h o s p h a t o m o l y b d a t e , 
671 

su lphomolybdate , 652 
su lphotungstate , 859 
tel lurate, 93 

Goldfieldite, 2 
Goldschmidt i te , 2, 47 
Graugolderz blatterige, 1 
Green hexahydrate , 422 
Gris lamelleux, 1 
Griinlingite, 2, 6O 
Guanidine disulphatochrorniate, 454 

parasulphomolybdate , 651 
su lphomolybdate , 651 
su lphovanadatomolybdate , 652 

Guanidin ium ferric paratungstate , 82O 
salt , 667 
thor idecamolybdate , 598 

Guigriet's green, 188 

H 
Henry i t e , 2 
Heptach loromolybdous acid, 618 
H e p t a d e c a m o l y b d o u s acid, 618 
Heptahydrododecamolybdate s , 582 
H e p t a h y d r o d o d e c a t u n g s t a t e s , 773 
H e p t a m o l y b d a t e s , 591 
Hercyn i t e , 199 
Hess i t e , 2, 4 4 
Hexa-ant ipyr ino-sa l t s 
Hexacarbamides , 401 
H e x a c e t a t o d i h y d r o x y t r i a m m i n e s , 408 
H e x a c e t a t o d m y d r o x y t r i p y r i d i n e s , 408 
Hexach lorochromic acid, 386 
Hexaformatod ihydroxy- sa l t s , 409 
H e x a h y d r o d o d e c a m o l y b d a t e s , 582 
H e x a h y d r o d o d e c a t u n g s t a t e s , 773 
H e x a h y d r o h e x a m o l y b d a t e s , 582 
H e x a h y d r o h e x a t u n g s t a t e s , 7 7 3 
H e x a b y d r o x y d o d e c a m m i n e s , 409 

Hexahydroxysex i e se thy l ened iamines , 409 
H e x a m m i n e s , 400 
H e x a m o l y b d a t e s , 582, 591 .; ,, 
Hexapropionatohydroxyf luoro -salts,. 409 , 
Hexaquo-aal t s , 402 
Hexate l lurous acid, 77 
H e x a t u n g s t a t e s , 773 
H e x a u r e a salts , 401 
Htibnerite , 678, 798 
H y d r a z i n e chromium sulphate , 454 

chromous su lphate , 435 
sulphate , 831 

H y d r a z i n i u m disulphatochrorniate, 454 
H y d r o b r o m o m o l y b d o u s acids , 635 
H y d r o g e n chloride, 368 

tel luride, 36 
Hydrosulphochromoufl acid, 431 
Hydrosu lphote trachromous acid, 432 
H y d r o tel lurites, 77 
H y d r o x y a q u o b i s e t h y lenediamines , 402 

cis -salts, 403 
trans-salts , 403 

H y d r o x y a q u o p e n t a m r a i n e s , 402 
H y d r o x y d e c a m m i n e s , 407 
H y d r o x y d i a q u o t r i a m m i n e e , 4 0 3 
H y d r o x y lam ine a m m o n i u m paramolybdate , 

552 
tungs ta te , 773 

chromic c h l o r o p e n t a q u o c h l o r o s u l -
phate , 468 

ch loropentaquosulpha t o h y d r o-
su lphate , 648 

chromium su lphate , 454 
disulphatochrorniate , 454 
hydrochlor ide , 831 
m o l y b d a t e , 552 # 
p a r a m o l y b d a t e , 584 
p o t a s s i u m paramolybdate , 552 
tr i tungstate , 8IO 

H y d r o x y p e n t a m r a i n e s , 402 
H y d r o x y t r i a q u o d i a m m i n e s , 403 
Hydroxytr iaquodipyr id ines , 403 
Hypote l lur i tes , 71 

I 
I l semanni te , 488» 530 , 658 
I n d i u m chromate , 285 

d ichromate , 342 
-—-—- m o l y b d a t e , 563 

tel luride, 54 
t u n g s t a t e , 789 

I o d o a q u o t e t r a m m i n e s , 404 
I o d o p e n t a m m i n e s , 404 
Iodote l lur i tes , 1OO 
Iron-chrome, 201 
I so tungs t i c acid, 764 

J 
J a u n e de baryte , 273 

. s tront iane , 271 
z inc, 278 

Jordis i te , 4 8 8 
Jordis te , 040 
Jose i te , 2 
Joee i te , 6O 
Jossa i te , 125 
Josso i te , 8 0 4 
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K 

Klalgoorl i te , 2 , 53 
K a l l o e h r o m , 29O 
K o e c h l i n i t e , 570 
K r e n n e r i t e , 2, 46 

L 

L a n t h a n o u e a m m o n i u m m o l y b d a t e , 587 
L a n t h a n u m a m m o n i u m h e x a c h r o m a t e , 287 

t u n g s t a t e , 79O 
b a r i u m t u n g s t a t e , 791 
c h r o m a t e , 286 

— o c t o h y d r a t e , 286 
m o n o h y d r a t e , 287 

m e t a t u n g s t a t e , 826 
m o l y b d a t e , 564 

— p a r a t u n g s t a t e , 819 
. p o t a s s i u m h e p t a c h r o m a t e , 287 

_ _ t e t r a c h r o m a t e , 287 
s i lver t u n g s t a t e , 791 
s o d i u m m o l y b d a t e s , 564 

- ____ t u n g s t a t e , 79O 
s u l p h a t e , 831 

— t r i h y d r o m o l y b d a t e , 564 
t u n g s t a t e , 790 

L a p i d e s s t a n n i f e r i s p a t h a c e i , 673 
L a p i s p l u m b a r i u s , 484 

p o n d e r o s u s , 674 
L a q u e m i n e r a l e , 290 
L a x m a n n i t e , 125 
L e a d a l u m i n i u m o x y d o d e c a m o l y b d a t e , 600 

a m m o n i u m c h r o m a t e , 304* 
p h o s p h a t o p e n t a d e c a m o l y b d a t e , 

671 
b a r i u m c h r o m a t e s , 304 
c a l c i u m c h r o m a t e s , 304 

_ m o l y b d a t e , 5GG9 569 
p h o s p h a t o m o l y b d a t e , 671 

c a r b o n a t o c h r o m a t e , 4 7 3 
c h r o m a t e , 290 

bas i c , 301 
_ col lo ida l , 293 

c h r o m i o x y d o d e c a m o l y b d a t e , 602 
c h r o m i t e , 2 0 1 

— c h r o m i u m a l l oys , 173 
c o p p e r c h r o m a t e , 304 
d i c h l o r o c h r o m a t e , 399 

- - d i c h r o m a t e , 342 
d i h y d r a t e , 342 

- — d i h y d r o x y c h r o m a t e , 303 
d i o x y c h r o m a t e , 302 
d i o x y d i s u l p h o t u n g s t a t e , 861 

—r—- d i t u n g s t a t e , 810 
go ld s u l p h o t e l l u r a n t i m o n i t e , 114 
h e m i t r i t e l l u r i d e , 58 

t e t r a h y d r a t e , 58 
h y d r o t e l l u r a t e , 96 
l i t h i u m c h r o m a t e , 304 
m e t a t u n g s t a t e , 827 

p e n t a h y d r a t e , 827 
m o l y b d a t e , 5 6 6 

(col loidal) , 567 
m o l y b d e n u m a l loys , 523 
m o n o t e l l u r i d e , 56 
n i t r a t e , 831 
r d t r a t o m e t a t u n g s t a t e , 827, 862 
n i t r a t o t e l l u r a t e , 120 

L e a d o x y b i s c h r o m a t e , 303 
o x y c h r o m a t e , 302 

— o x y m o l y b d a t e , 568 
o x y m o l y b d a t o c h l o r o a r s e n a t e , 568 

. o x y t u n g s t a t e , 794 
— — p a r a t u n g s t a t e , 819 

d e c a h y d r a t e , 819 
—— - p e n t a m o l y b d a t e , 594 
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. t u n g s t a t e , 779 

1 : 3 - t u n g s t a t e , 779 
— s t a n n i c t u n g s t a t e , 792 
— s u l p h o m o i y b d a t e , 651 
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tr i tungstate , 811 
tungstate , 788 
uranyl chromate, 308 

Mercury chromium alloy, 171 
monochromide , 172 
monotel luride, 62 
trich.rom.ide, 172 

Metachromic acid, 24O 
Metachromites , 196 
Metachromous acid, 196 
Metallkalk, 122 
Metallurn problemat icum, 1 
Meta luteotungst ic acid, 770 
Metamolybdic acid, 545 
Metatel luric acid, 83, 87, 88 
Metatungstates , 773, 821 
Metatungst ic acid, 764, 768 
Methy lamine t e t rahydroxy lami n o t e t r a 

m o l y b d a t e , 592 
Meymaci te , 764 
Micaceous iron ore, 485 
Minera blue, 745 

p lumbi rubra, 122, 290 
Mineral lac, 29O 
Mitchell i te , 2Ol 
Mock lead, 673 
Molybdsenum tritura ccerulescente, 484 
Molybdan, 485 
Molybdandichlorid, 619 
Molybdanglanz , 485 

edler, 114 
Molybdanocker, 535 
Molybdansi lber, 60 
Molybdantetrachlorid, 624 
Molybdany l chloride, 627 
Molybdates , higher, 599 
— hyperacid, 605 

— normal, 551 
Molybdena membranacea nitens , 484 

t ex tura granulata, 484 
micacea, 484 

Molybdenated lead ore, 566 
Molybdeni te , 485, 488, 64O 
Molybdenum, 484, 485 

alcoholotetrachlorodinitrate , 659 
al loys, 524 
aluminide, 523 
a luminium al loys , 523 
amalgams, 523 
a m m o n i u m a m m i n o p e n t a c h l o r i d e 

622 
chloride, 629 

_ dioxytetrachloride, 632 
enneafiuoride, 610 

. hemipentox ide , 532 
—, heptachloride, 621 

hexachloride, 621 
oxypentabromide , 637 
pentabromide , 635 
pentachloride, 621 
tetrachlorotetrabromide, 640 
tetrachlorotetraiodide, 64O 
tetradecachloride, 623 
tetrafluoride, 609 

, tr ioxytetradecafluoride, 611 
tungs ta te , 796 

a tomic disruption, 521 
< number , 521 w 

_ we ight , 52O 

f Molybdenum, bar ium hemipentox ide , 532 
I blue (natural) , 530 

—- bromides , 634 
— c a d m i u m al loys , 523 

caesium dioxytetrachloride , 632 
— d i o x y trichloride, 632 

hexachloride, 622 
pentabromide , 635 

. . pentachloride, 622 
ca lc ium oxyte trabromide , 638 
carbonate , 659 
carbonates , 659 
chlorides, 616 
chromate , 307 

—-— c h r o m i u m al loys , 624 
colloidal, 497 
copper a l loys , 532 

pentaf luomolybdate , 611 
— — dialuminide , 523 

. d ibromide, 634 
dichloride, 616 
dichlorotetrabromide, 639 

. d ichromate , 343 
d inuotetrabromide , 639 
d ihydroxyte trabromido , 635 

d ihydrate , 635 
____ . oo tohydrate , 635 
— dihydroxytetrachior i do, 633 

oc tohydrate , 633 
di iodide, 639 
dimercuride, 523 

— — dioxide, 526 
——— hemiheptadecahydrate , 528 

______ m o n o h y d r a t e , 528 
tr ihydrate , 528 

-•— - d i o x y dibromide , 638 
——• d i o x y dichloride, 631 
— — dioxydif luoride, 612 
—-— d ioxysu lphate , 658 

d i o x y sulphide , 654 
— diphosphotetradecachlor ide , 632 

disulphate , 657 
disulphide, 64O 
ditel luride, 63 
duct i le , 497 
electronic structure, 521 
onneachloroctosulphide, 656 
enneamercuride , 523 
ex trac t ion , 492 
fluochloride, 639 
fluorides, 609 
go ld a l loys , 522 
hel ides m i x e d , 639 

—-—- hemipentox ide , 531 
hemitr ihydrate , 531 

— tr ihydrate , 531 
—~—• hemitrimercuride, 523 

hemitr iox ide , 525 
henctitrisulphide, 640 
hepta luminide , 523 
h e p t a m o l y b d a t e , 571 
hexachloride , 626 
hexanuor ide , 6IO 
his tory , 4 8 4 
hydride , 612 
hydroxypentach lor ide , 618 

—.— hydroxjrtetrabromide, 636 
hydroxyte trachlorobromide , 640 
ioosi taluminide, 62B 

r- intermetal l ic c o m p o u n d s , 624 

trich.rom.ide


I N D E X 895 

M o l y b d e m i m iodides , 639 
isobutylalcosol , 497 
lead a l loys , 523 
l i th ium dioxydibromide , 638 

oxyte trabromide , 638 
— m a g n e s i u m al loys , 523 

moIybdate , 571 
monox ide , 525 
nitrate , 659 
ni trates , 659 
nitrogen, tetrasulphopentachloride , 625 
occurrence, 4=86 
oxides , • 
oxybromides , 634 
oxycblor ides , 627 
oxydihydroxydich lor ide , 633 
oxynuor ides , 61O 
o x y h y d r o x y d i b r o m i d e , 636 
oxyhydroxytr ich lor ide , 633 
oxytetraehlor ide , 632 , 634 

. oxytetrafluoride, 611 
oxytrif luoride, 611 
pentachloride, 624 
pentaflubride, 610 
pentasulphide , 647 

— — hemitr i su lpbohydrate , 647 
tr ihydrate , 647 

pent i ta te tradecaox ide , 532 
hexahydra te , 532 

pentoxyoctocblor ide , 632 
— - persulphates , 658 

phosphates , 659 
phosphorus decacbloride, 625 
phosphory l octochloride, 625 
p o t a s s i u m dichloride, 628 

dioxytetrachlor ide , 632 
—_—. dioxytricbloride, 632 
— enneafluoride, 6IO 

hexabromide , 635 
hexachloride , 621 

d ihydrate , 622 
——• pentabromide , 635 

__ _— pentachloride , 622 
tetrachlorotetrabromide, 640 

__ tetrachlorotetraiodide, 64O 
—_—. ___ tetrafluoride, 61O 

tr ioxy tetradecafLuoride, 611 
preparat ion of meta l , 494 
properties , chemical , 512 

physical , 499 
pyr id in ium oxypentabromide , 631 

—. oxyte trabromide , 638 
quinol in ium oxypentabromide , 637 

oxyte trabromide , 638 
react ions of analyt ica l interest , 516 
rubidium dioxytetrachloride , 632 

dioxytricbloride, 632 
hexachloride , 622 
pentabromide , 635 
pentachloride, 622 

. sesquioxide , 525 
si lver a l loys , 522 
sod ium al loys , 522 

hemipentox ide , 532 
tetrafluoride, 6IO 

sulphates , 656 
sulphide, 641 

colloidal, 641 
sulphides , 64O 
t a n t a l u m al loys , 524 

M o l y b d e n u m tetrabromide , 635 
te trabromochromate , 307 
tetrabromodi iodide , 64O 

—-—- tetrachloride, 623 
tetrachlorodiaquodichloride, 618 

• tetrachlorodibromide, 639 
hexahydrate , 639 
tr ihydrate , 639 

— tetrachlorodiiodide, 64O 
hexahydrate , 640 

—— tr ihydrate , 64O 
tetrachlorodinitrate , 659 
tetrafluoride, 6IO 
te trahydroxide , 528 

colloidal, 528 
tetraiodide , 639 

—-— totraluminide , 523 
——. tetrasulphide , 648 

te tr i ta luminide , 523 
t e t r o x y h y d r o x y chloride, 631 
t h a l l i u m a l loys , 523 
tha l lous oxypenta f luomolybdate , 611 
t i n a l loys , 523 
t i t a n i u m - t u n g s t e n al loy?, 744 
tr ibromide , 635 
trichloride, 619 
trifluoride, 609 
tr ihydroxide , 525 

colloidal , 525 
—_— tr ihydroxy tri bromide, 638 

t r imolybdate , 571 
tr iox ide , 535 

——_ tr ioxybishydrochlor ide , 633 
tr ioxyheptachlor ide , 632 
tr ioxyhexachlor ide , 632 
tri o x y su lphate , 657 

. t r ioxyte trabromide , 638 
-——• tri o x y tetrachloride, 633 

t r i o x y tetrafluoride, 611 
tr isulphate , 658 

-——- trisulphide, 647 
tr i ta luminide , 523 

-——- tr i toctox ide , 529 
colloidal, 53O 

tungs ta te , 796 
uses , 518 

-——- v a l en cy , 520 
v a n a d i u m al loys , 524 
z inc a l loys , 623 

oxypenta f luomolybdate , 611 
Molybdeny l a m m o n i u m pentabromide , 637 

. pentachloride , 629 
bromide, 636 
csBsium pentabromide , 637 

— — d i h y d r o x y dichloride, 633 
hydroxytr ichloride , 633 
m a g n e s i u m pentabromide , 638 

——- m o l y b d a t e , 571 
paramolybdate , 571 

— — phosphate , 659 
p o t a s s i u m pentabromide , 637 

pentachloride , 63O 
tetrabromide, 038 

—_— pyridine pentachloride, 631 
• rubid ium pentabromide , 637 

pentachloride , 630 
sulphate , 658 
tr ibromide, 637 
trichloride, 629 
t r i m e t h y l a m m o n i u m tetrachloride, 631 



8 9 6 I N D E X 

MoIybdic acid, 643 
colloidal, 5 4 3 , 545 
monohydrate , 545 

a-, 545 
0-, 545 

soluble, 545 
a lums, 572 

— bromide, 635 
chloride, 619 
hydroxide, 526 

• metaphosphate , 669 
ochre, 488, 535 
oxide, 525 

— — sodium pyrophosphate , 671 
sulphate , 656 
sulphide, 640 

Molybdin, 535 
Molybdite , 488 , 535 
Molybdosic a m m o n i u m sulphate , 657 

phosphate , 671 
potass ium sulphate , 657 
sulphate , 657 

Molybdous amminobromide , 635 
a m m o n i u m heptachloride, 619 

octochloride, 618 
bromide, 634 
chloride, 616 
diamminochloride, 617 

hemienneahydrate , 617 
hexahydrate , 617 
monohydrate , 617 
tr ihydrate , 617 

diaquotetrachlorodihydroxide, 618 
diaquotetrachloroxide, 618 
hydroxide , 525 
iodide, 639 
oxide , 525 
potass ium heptachloride, 619 

octochloride, 618 
——- tetrabromosulphate , 658 
Molybdyldibromide, 637 
Monochroraates, 24O 
Monomolybdates , 551 
Monoperchromates , 357 
Monoperchromic acid, 361 
Monopertungst ic acid, 833 
Monotungstates , 773 
Montanite , 2 , 97 
Mullerin, 45 
Miillerite, 2 
Muthmanni te , 2, 49 

2ST 

Nagrakererz, 114 
N a g y a g e r Erz, 1 

"—-» silber, 45 
N a g y a g i t e , I9 2, 5, 114 
N e o d y m i u m a m m o n i u m molybdate , 687 

barium tungs ta te , 791 
chromate , 287 

octohydrate , 287 
molybdate , 564 
potass ium chromate, 267 
tungs ta te , 791 

Nicke l a m m o n i u m chromate , 313 
diamminocHromate, 313^ 
dihydrophosphat o h e m i p e n t a -

molybdate , 67O 
dihydroxyquaterchrornate, 313 
phosphatohemipentam© Jy bd a t e, 

67O 
caesium chromate , 313 
chlorochromate, 399 
chromate, 313 
chromite, 204 
decatungstate , 832 
dichromate, 344 
dioxytetraf luomolybdate , 614 
ditelluride, 64 
di tungstate , 8IO 
hemitritelluride, 64 
hexamminochromate , 313 
hexamminotungs ta te , 802 
hydrophosphatodimolybdate . 670 
metatungs ta te , 827 
monotel luride, 64 

te trahydrate , 64 

H a p h t h l y a m i n e hydrochloride, 831 
3tfeoinolybdenum, 4S5 
H«otungoten, 674 

nitrate 831 
oxychromate , 313 
permonosulphomolybdate , 654 
phosphatododecamolybdate , 663 
phosphatoenneamolybdate , 667 
phosphatohemipentamolybdate , 67O 
potass ium 

chromate , 313 
dihydrate , 313 
dihydrophospha t o h e m i p e n t a -

molybdate , 670 
d imolybdatotetratungetate , 796 
hexahydrate , 313 
phosphatohemipentamolybd a t e , 

67O 
rubidium, chromate , 313 
sulphochromite, 433 
su lphomolybdate , 653 
sulphotellurite, 114 
sulphotungstate , 859 
tel lurate, 97 
tellurite, 82 

monohydrated , 82 
te tradecamolybdate , 603 
tetrafluodioxy tungstate , 84O 
tr i tungstate , 812 
tungstate , 802 

hexahydrate , 802 
trihydrate, 802 

ISTickelic a m m o n i u m tr idecamolybdate , 602 
tungstate , 802 

barium tungstate , 802 
Nickelous a m m o n i u m decamolybdate , 598 

d iamminomolybdate , 576 
enneamolybdate , 697 
heni tr icontamolybdate , 604 
hexactecamolybdate, 603, 604 

. te tratr icontamolybdate , 604 
d iamminomolybdate , 575 
hexaoiaminornolybdate, 675 
molybdate , 575 

pentahydrate , 575 
paratungstate , 820 
potass ium hexadecamolybdate , 604 
sod ium hexamolybdate , 5 9 4 
tr imolybdate , 690 

Nihi l , 484 
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N i t r i t o p e n t a m m i n . e s , 4 0 3 
N i t r o g e n m o l y b d e n u m t e t r a s u l p b o p e n t a -

c h l o r i d e , 6 2 5 
m o n o t e l l u r i d e , 5 8 
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N o b i l i t e , 1 1 4 
N o r a m i n e r a p l u m b i , 29O 

O 

O a t r e m e r j a u n e , 2 7 3 
O c h r e m a t i t e , 4 8 8 
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O r u e t i t e , 2 , 6O 
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m o n o t e l l u r i d e , 6 5 
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5 9 7 
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P e r t u n g s t a t e s , 8 3 3 
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P b o e n i c i t e , 1 2 5 , 3 0 3 
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Phosphatohexatungs t i c acid, 862, 872 
Phosphatomolybd ic acids, 659, 67O 
Phosphatomolybdos ic acid, 659 
Phosphatotr i tungst ic acid, 862, 873 
P h o s p h a t e tungs tic acids, 862 
Phosphomolybdio acids, 659 
Phosphorus m o l y b d e n u m decachloride, 625 
Phosphoryl m o l y b d e n u m octochloride, 625 
Phosphotungst ie acids, 862, 863 
Picot i te , 199, 2Ol 
Picrochromite, 199 
Pi lasonite , 2 
Pi lsenite , 6O 
PIatinic barium molybdato , 576 

chromatobisethylsxxlphide, 314 
cobaltic hexamminocos i tungs ta te , 803 
copper cos i tungstate , 803 

m o l y b d a t e , 576 
dichlorotetramminochromate , 313 
dichlorotetramminodichromate , 345 
d i h y d r o x y d i a m i d o h e x a m m i n o d i c h r o -

m a t e , 345 
-—— dihy d r o x y s u l p h a t o h e x a m m i n o c h r o -

matod ichromate , 467 
dinitratotetrarnjcnixiochrorriate, 313 
dinitratotetramminodichroiTiate, 345 
diriitritotetraxtiiiiitiodichroriiate, 345 
h y d r o x y ace ta to te tra m m i n o d i c h r o -

m a t e , 345 
h y d r o x y c h l o r o t e t r a m m m o c h r o m a t e, 

314 
hydroxych loro te tramminodichromate , 

365 
hydroxysu lphato te tramminochromate , 

314 
h y d r o x y s u l p h a t o t e t r a m m i n o d i c h r o -

m a t e , 345, 467 
— raercurous cos i tungs ta te , 803 

phosphatododecatungs ta te , 867 
potass ium m o l y b d a t e , 576 
silver cos i tungstate , 803 

molybdate , 576 

P o t a s s i u m a lumin ium decamolybdate , 598 
chromate , 257 
chromium sulphate , 463 
dodecamolybdate , 599 
m a n g a n o u s permangani tomolyb-

date , 573 
permangan i tomolybdate , 573 
tel lurate, 96 

ant imoni to tungs ta te , 817 
arsenatote l lurate , 96 
arseni totungstate , 817 
azido, 368 
bar ium chromate , 273 

. chromidodecamolybdate , 602 
phosphatohenatungs ta te , 868 
tr ichromate , 351 

trans -b i schromatote tramminocoba 11 i-
ate , 311 

b i smu th chromate , 305 
hydroxydichrornate , 343 

sodium cos i tungstate , 803 
decatungstates , 802 
heptatungs ta te , 803 
molybdate , 576 

.—. tr iacontatungstate , 803 
sulphatotetrapyridinochromate , 314 
sulphatotetrapyridi i iodicl iromate, 345 
thal lous cositungstate , 803 

P la t inous tetramminochromato, 313 
te tramminodichromate , 344 

P l a t i n u m ditelluride, 64 
mercuric molybdates , 576 
mercurous molybdate , 576 
mo lybdate , 576 
monotel luride, 64 
permonosulphomolybdate , 654 
phosphatomolybdate , 671 
su lphomolybdate , 653 
su lpho tel lurite, 114 
su lphotungs ta te , 859 
thal lous m o l y b d a t e , 576 

P l o m b chromate , 2 9 0 
jaune , 566 
rouge, 122, 290 

P l u m b i c chromate , 293 
d ichromate , 342 

P l u m b u m scriptorum, 484 
— s p a t o s u m flavorubrum, 566 

tungs ta te , 795 
b i smuthy l d ichromate , 343 
bromide, 368 
bromochrornate, 426 
c a d m i u m chromates , 281 

d ichromate , 341 
t u n g s t e n t e tramminoenneach lo -

ride, 842 
calc ium chromate , 269 

d ihydrate , 269 
m o n o h y d r a t e , 269 
p h o s p h a t o h e m i p e n t a m o l y bd a t e , 

669 
qu inquemonochromate , 270 

hemiheptahydra te , 27O 
. s ex imonochromate , 27O 

su lphatochromates , 269 
c l i lorochromate, 397 
chromate , 249 

—.—. te trahydrate , 249 
chromatosu lphate , 450 
chromic carbonate , 4 7 3 

h y d r o x y c h r o m a t e , 210 
.—.—. p y r o p h o s p h a t e , 482 

— —— chromidodecamolybdate , OOl 
— chromihexasu lphate , 465 

— c h r o m i o x y d o d e c a m o l y b d a t e s , 6Ol 
— — chromipentasu lphate , 465 

chromipyrophosphate , 481 
chromitetrasulphate , 4 6 4 

te trahydrate , 464 
— — cl iromitr isulphatochromate , 465 

chromitr i su lphatodichromate , 465 
chromitr isulphatotr ic l iromate , 465 
chromium hexachloride , 419 

—— hexafluorido, 364 
o x y p e n tachloride, 391 

.... pentachlor ide , 418 
_ _ pentafluoride, 363 
—„ p h o s p h a t e , 482 

su lphate , 454 , 831 
te l lurate , 97 

- tetrachloride, 418 
— — chromochromate , 2IO 
— — chromote l lurate , 97 

chromoua carbonate , 472 
fluoride, 362 
su lphate , 4 3 5 

cobalt ic d e c a m o l y b d a t e , 574 , 598 
d o d e c a m o l y b d a t e , 574 
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P o t a s s i u m oobaltous chromate , 312 
d ihydxophosphatohemipenta m o-

lybdate , 67O 
oxyquaterochromate , 312 

—— phosphatohemipentarnolybd a fce, 
670 

• • copper d iamminochromate , 263 
oxyquadrichr ornate, 263 

— . oxytrischrornate, 263 
— phosphatohemipentarnolybd a t e , 

669 
tungs ten te tramminoenneachlo-

ride, 842 
• decamolybdate , 598 

enneahydrate , 598 
•—• pentadecabydrate , 598 

dichromate , 328 
d i d y m i u m chromate , 287 

— — difluotellurate, 108 
_ d i h y d x o p h o s p h a t o h e m i p e n t a m o l y b -

date , 668 
—-— dihydrophosphatomolybdate , 670 

d imolybdate , 581 
d imolybdatote tratungstate , 796 

— d imolybdi tomolybdate , 593 
- dinitratotel lurate, 119 

dioxydif luochromate, 365 
d ioxydisu lphomolybdate , 654 
dioxydisulpho tungs ta te , 86O 
d ioxyte tramolybdate , 613 

——. dioxytrif luoinolybdate, 613 
diperchromate, 357 
d ipermolybdate , 607 

—•— diplatinio tr iacontatungstate , 803 
-— - disulphatochromiate , 454 

d i tungstate , 809 
— dihydrate , 809 
— tr ihydrate , 809 

ferric chromate , 309, 310 
decatungstate , 832 

. d ioxyundecieechromate , 310 
——- —•—- dodecamolybdate , 603 

dodecatungstate , 832 
enneadecaoxybischromate , 310 
onneaoxyquaterchromate , 3IO 
oxysept ieschromate , 3IO 

• pentadecoxydec ieschromate , 310 
pentoxydec ieschromate , 310 
tr ioxynovieschromate , 310 

hexahydrate , 3IO 
decahydrate , 3IO 

tr ioxysexieschromate , 310 
— tungstate , 801 

fluochromate, 365 
fluoride, 368 
gadol inium chromatos , 288 
liemitritellurido, 41 

. heptahydrododecamolybdate , 596 
hoptoxyennoasulphotetramol y b d a t e , 

655 
. l iexabromotel lurite , 104 

hexachlorotel lurite , 102 
hexaiodotel lurite , 106 
hexatel lurite , 79 
hexatungs ta te , 829 

*—•—- hydrodiphosphatote l lurate , 120 
heptadecahydrate , 120 
te trahydrate , 120 

P o t a s s i u m hydropyrote l lurate , 91 
hydropyrotel lurite , 79 
hydrotel lurate , 91 
bydrotetroxytr i su lphodi m o l y b d a t e , 

655 
h y d r o x y l a m i u e paramolybdate , 552 
hydroxy laminopentahydromolybda t e, 

552 
byperdi tungstate , 836 
hypertungstate , 836 
h y p o m o l y b d a t o m o l y b d a t e , 604 
h y p o m o l y b d i t o p e n t a m o l y b d a t e , 593 
iodide, 368 

— iodochromate , 429 
—•—• l a n t h a n u m heptachroraate , 287 

tetrachrornate, 287 

hydropermonosulphomolybdate , 670 
bydrophosphatod imolybdate , 670 

load cnromate , 304 
• d ioxychromate , 304 
m o l y b d a t e , 569 

l i t l i ium cnromate , 257 
—, m o l y b d a t e ,558 

sulpha toe hr ornate, 244 
——. tungs ta te , 781 

m a g n e s i u m cnromate , 276 
. d ihydrate , 276 

hexahydrate , 276 
• d isulphatochromate , 465 

——. m o l y b d a t e , 562 
partungstate , 818 
tungs ta te , 788 

m a n g a n i c dodecamolybdate , 602 
—- molybdate , 572 

tr idecamolybdato , 602 
— — m a n g a n o u s bischromate , 309 

paratungstate , 82O 
permangani tomolybdate , 573 
phosphatohemipentamoly bd a t e, 

669 
mercuric chromate , 284 

phosphatohenatungs ta te , 868 
• mercurous chromate , 282 
—-— metachromite , 197 

m e t a t u n g s t a t e , 824 
—-—- octohydrate , 824 
- • • pen tahydra te , 824 

mo lybdate , 55G 
- ——• tetr i tatr ihydrate , 556 

— molybdatodecatungs ta te , 796 
molybdatopenta tungs ta te , 796 

— — molybdatosu lphate , 658 
inolybdatotetraturigstate , 796 

—. J nolybdatotrisulphato, 658 
nio lybdatotr i tungstate , 596 

— m o l y b d e n u m diehloride, 628 
___ dioxytetrachloride, 632 
_ dioxytrichloride, 632 
— enneanuoride, 61O 

hexabromide , 635 
hexachloride, 621 

dihydrate , 622 
pentabromide, 635 
pentachloride, 622 
tetrachlorotetrabromide, 640 
tetrachlorotetraiodide, 64O 
tetrafluoride, 610 
trioxytetradecafluoride, 611 

molybdeny l pentabromide , 637 
pentachloride, 63O 
tetrabromide, 638 

molybdos ic su lphate , 657 
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Potassium molybdous heptachloride, 619 

octochloride, 618 
rnonopermolybdate, 607 
neodymuim chromate, 287 
nickel chromate, 313 

dihydrate, 313 
hexahydrate, 313 

dihydrophosphat ohomipenta-
molybdate, 670 

dimolybdatotetratungstate, 796 
phosphatohemipentamolybd ate, 

670 
nickelous hexadecamolybdate, 604 

•—• nitratosulphotungstate, 862 
nitritodichromate, 476 
nitritotrichromate, 476 
octomolybdate, 696 

— . — octotungstate, 830 
orthochromite, 197 

- orthosulphodimolybdate, 652 
oxalatotriamminochroniate, 409 

_—. oxypentachlorotungstito, 849 
oxypentafl uomolybdate, 611, 612 

. oxytetrabromide, 638 
—, oxytrisulphotungstate, 860 

pararaolybdate, 585 
parasulphomolybdato, 652 

'—~— l>aratungstate, 816 
decahydrate, 816 

— henahydrate, 816 
• tetradecahydrate, 816 
— . — pentaflu.otellu.rite, 98 

pentamolybdate, 593 
-——- pentatungstate, 

pent oxydifluoperrnolyb date, 615 
— — percobaltic enneamolybdate, 597 

pordecatungstate, 836 
-— perdichromate, 359 

perdisulphomolybdate, 654 
__ permanganitomolybdate, 572, 573 

-—-— permanganous octomolybdate, 597 
permolybdate, 607 

— permonosulphomolybdate, 653 
pornickelic enneamolybdate, 597 
pertrimolybdate, 608 
phosphatocto tungstate, 87'2 
phosphatodecamolybdate, 665 
phosphatodecatungstate, 870 
phosphatodichrornate, 482 
phosphatododecamolybdate, 663 

„ phosphatododecatungstate, 867 
__ hemibeptahydrate, 867 

,—_ —-— hem.itridecah.ydrate, 867 
—- phosphatoenneamolybdate, 666 

phosphatoenneatungstate, 871 
phosphatohemihenacosi tungstate, 869 

•— — phosphatohemiheptadecamol y b d a t e, 
667 

phosphatoherniheptadeca t u n g s t a t e , 
872 

-—— phosphatohenamolybdate, 664 
— — phosphatohenatungstate, 868 

phosphatotetrachromate, 482 
-—— phosphatotritungstate, 874 

platinic molybdate, 576 
• praseodymium chromate, 287 
• pyrophosphatotungstate, 874 
•— pyrotellurite, 79 

rhodic dodecamolybdate, 603, 604 
samarium chromate, 287 

Potassium silver cbromidodecamolybdate, 
601 

sodium chromate, 258 
manganous permanganitomolyb­

date, 573 
— — molybdate, 558 

phosphatoctotungstate, 872 
phosphatohemipentamolybdate, 

667 
phosphatotungstate, 873 
2 : 1-tungstate, 782 

strontium chromate, 271 
—— sulphatotellurite, 118 

sulphide, 368 
sulphite, 368 
sulphochromite, 432 
sulphodichromite, 432 
sulphodimolybdate, 651 
sulphoditungstate, 859 
sulphomolybdate, 651 
sulphotellurate, 115 
sulphotellurite, 113 
sulphotetraehromite, 432 

— — sulp ho tungstate, 859 
. . . . . ._ tellurate, 90 

dihydrate, 91 
pentahydrate, 90 

_ . telluride, 40 
_..„,_ tellurite, 78 

trihydrate, 79 
— tetradecatungstato, 832 

tetrafluodioxytungstate, 839 
tetrafluotrioxypertungstate, 840 

_ tetrahydrophosphatohemipeiitamolyb-
date, 668 

tetrahydroxylaminotetra mo 1 y b d a t e, 
592 

— — tetramolybdate, 592 
- tetramolybdatoditungstate, 796 

tetratellurate, 92 
— tetratellurite, 79 
._ thallic chromate, 286 

— — thallous chromate, 286 
titanidodecamolybdate, 600 
trichromate, 350 
trifhiodioxytungstate, 839 

— trihydrophosphatohemipen tamolyb-
date, 668 

trimolybdate, 589 
trimolybdatoditungstate, 796 
trimolybdatotritungstato, 796 

enneahydrate, 796 — trihydrate, 796 
trimolybdenum dioxyheptachloride, 

632 
trioxysulphotungstate, 861 
trioxytetrafluopermolybdate, 615 
triperchromates, 356 

— — trisulphatochromiate, 464 
trisulphatodichromate, 449 
trisulphomolybdate, 652 
tritellurate, 92 

— - — tritungstate, 811 
tungstate, 779 

— •• monohydrate, 780 
pentahydrate, 78O 

tungsten bronzes, 751 
enneachloride, 841 
hydroxylpentachloride, 843, 848 
tetrafluoride, 837 

pentaflu.otellu.rite
hem.itridecah.ydr
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P o t a s s i u m u r a n i u m t u n g s t a t e , 7 9 7 
u r a n y l c h r o m a t e , 3 0 8 
y t t r i u m c h r o m a t e , 2 8 8 

— z i n c c h r o m a t e s , 2 7 9 
— — - c h r o m a t o d i c h r o m a t o , 3 4 1 

p a r a t x i n g s t a t e , 8 1 9 
— t r i o x y b i s c h r o m a t e , 2 7 9 

z i r c o n i d o d e c a m o l y b d a t e , 6 O l 
- —- z i r c o n i u m t u n g s t a t e s , 7 9 2 
P o w e l l i t e , 4 8 8 , 5 6 0 , 7 6 8 , 7 8 3 
I ' r s B s e o d y m i u m a m m o n i u m t u n g s t a t e , 7 9 1 
——- b a r i u m t u n g s t a t e , 7 9 1 
— s i l v e r t u n g s t a t e , 7 9 1 

t u n g s t a t e , 7 9 1 
P r a s e o d y m i u m a m m o n i u m rnolybdate, 5 8 7 
— c h r o m a t e , 2 8 7 

d e c a l i y d r a t e , 2 8 7 
. . . . __ o c t o h y d r a t o , 2 8 7 
i n o l y b d a t e , 5 6 5 

. p o t a s s i u m c h r o m a t e , 2 8 7 
P u r p l e r e d , 2 8 3 
P y r i d i n e f e r r i c c h r o m a t e , 3 I O 

. m o l y b d e n y l p e n t a c h l o r i d o , 6 3 1 
P y r i d i n i u m m o l y b d e n u m o x y p e n t a b r o r n i d o , 

6 3 7 
o x y t e t r a b r o m i d e , 6 3 8 

t o t r a b r o m o t u n g s t i t o , 8 5 4 
t e t r a c h l o r o h y d r o x y c h r o m a t e , 3 9 1 

P y r o p h o s p h a t o t u x i g s t a t e s , 8 7 4 
P y r o t o l l u r i c a c i d , 8 9 
P y r o t e l l u r i t e , 7 8 
P y r o t e l l u r o u s a c i d , 7 7 
P y r o t u n g s t i c a c i d , 7 6 2 

Q 

Q u i n i d i n e m a g n e s i u m c h r o m a t e , 2 7 6 
Q u i n o l i n i u m m o l y b d e n u m o x y p e n t a b r o -

m i d e , 6 3 7 
o x y t e t r a b r o m i d e , 6 3 8 

t e t r a c h l o r o h y d r o x y c h r o m a t e , 3 9 1 

l i a d i u m c h r o m a t e , 2 7 2 , 2 7 4 
K a s p i t e , 6 7 8 , 7 9 2 
I i e d m g s t o n i t e , 1 2 5 
! R e i n e c k e ' s s a l t , 4 0 6 
H e i n i t e , 6 7 8 , 6 9 8 
l i h o d i c a m m o n i u m d o d e c a m o l y b d a t e , 6 0 3 , 

6 0 4 
p o t a s s i u m d o d e c a m o l y b d a t e , 6 0 3 , 6 0 4 

H i c a r d i t e , 2 
R i c h a r d i t e , 4 2 
R o t h o s B l e i e r z , 29O 
! R o u g e flambe, 1 7 7 
R u b i d i u m a r s e n a t o t e l l u r a t e , 9 6 

c h r o m a t e , 2 5 8 
c h r o m i u m b r o m i d e , 4 2 5 

m o n o h y d r a t e , 4 1 9 
. o x y p e n t a c h l o r i d e , 3 9 1 

p e n t a c h l o r i d e , 4 1 9 
s u l p h a t e , 4 6 3 
t e t r a c h l o r i d e , 4 1 9 

c h r o m o u s s u l p h a t e , 4 3 5 
d i c h r o m a t e , 3 3 8 
d m u o t e l l u r a t e , 1 0 8 
d i m o l y b d a t e , 5 8 1 

! R u b i d i u m d i o x y t r i f l u o m o l y b d a t e , 6 1 3 
d i s u l p h a t o c h r o m i a t e , 4 6 3 
h e n a m o l y b d a t e , 5 9 8 

- — - h e x a b r o m o t e l l u r i t e , 1 0 4 
l i e x a c h l o r o t e l l u r i t e , 1 0 2 

- h e x a i o d o t e l l u r i t e , 1 0 6 
h y d r o p a r a m o l y b d a t e , 5 8 6 

. h y d r o p e n t a b r o m i d e , 1()4 
h y d r o p h o s p h a t o t e l l u r a t e , 121 

- h y d r o s u l p h a t o h y d r o t e l l u r a t e , 1 1 8 
-- l i y d r o t e l l u r a t e , 9 2 

m a g n e s i u m c h r o m a t e , 2 7 7 
— m a n g a n i c t r i d e c a m o l y b d a t e , 6 0 2 

m e t a t u n g s t a t e , 8 2 4 
r n o l y b d a t e , 55S 
m o l y b d e n u m d i o x y t e t r a c h l o r i d e , 6 3 2 

d i o x y t r i c h l o r i d e , 6 3 2 
h e x a c h l o r i d o , 6 2 2 

—_ p e n t a b r o m i d e , 6 3 5 
p e n t a c h l o r i d e , 6 2 2 

m o l y b d e n y l p e n t a b r o m i d e , 6 3 7 
p e n t a c h l o r i d e , 63O 

n i c k e l c h r o m a t e , 3 1 3 
o c t o m o l y b d a t e , 5 9 6 
o e t o t u n g s t a t o , 83O 
o x y p e n t a c h l o r o t u n g s t i t e , 8 4 9 
p a r a m o l y b d a t o , 5 8 6 
p a r a t u n g s t a t e , 8 1 7 
p e n t a b r o m o t u n g s t i t e , 8 5 4 

. p o n t a t u n g s t a t e , 8 2 9 
p e r d e c a m o l y b d a t e , 6 0 9 
p e r p a r a m o l y b d a t e , 6 0 8 

- p e r p a r a t u n g s t a t e , 8 3 6 
p e r t e t r a m o l y b d a t e , 6 0 9 

- —— p e r t e t r a t u n g s t a t e , 8 3 6 
-••- -- — p e r t r i m o l y b d a t e , 6 0 9 

p h o s p h a t o d e c a m o l y b d a t e , 6 6 5 
p h o s p h a t o e n n e a m o l y b d a t e , 6 6 7 
p h o s p h a t o h e m i p e n t a m o l y b d a t e , 6 6 9 

— p h o s p h a t o h e n a m o l y b d a t e , 6 6 4 
p j i o s p h a t o h e x i t a d o c a m o l y b d a t o , 671 
p h o s p h a t o t e t r i t a e n n e a m o l y b d a t e , 6 7 0 

— — - t e l l u r a t e , 9 2 
.... t e t r a m o l y b d a t e , 5 9 3 

h e m i h y d r a t e , 5 9 3 
• h e m i p e n t a h y d r a t e , 5 9 3 

- • - t e t r a h y d r a t e , 5 9 3 
t r i c h r o m a t e , 3 5 1 

. t r i d e c a m o l y b d a t e , 5 9 8 
t r i r n o l y b d a t e , 5 8 9 

.__. _ — h o m i t r i d e c a h y d r a t o , 5 8 9 
m o n o h y d r a t e , 5 8 9 
t r i h y d r a t e , 5 8 9 

t r i o x y t e t r a f l u o p e r m o l y b d a t e , 6 1 5 
t u n g s t e n e n n e a c h l o r i d e , 8 4 2 

r u t h e n i u m d i t e l l u r i d e , 6 4 
m o n o t e l l u r i d e , 6 5 

S 

S a m a r i u m a m m o n i u m m o l j ^ b d e n u m , 5 8 7 
c h r o m a t e , 2 8 7 

—___ . j* e n n e a h y d r a t e , 2 8 7 
o c t o h y d r a t e , 2 8 7 

m e t a t u n g s t a t e , 8 2 0 
rnolybdate, 565 
p o t a s s i u m c h r o m a t e , 2 8 7 
s o d i u m rnolybdate, 5(J5 

t u n g s t a t e , 7 9 1 
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S a m a r i u m tungstate , 791 
Seheelbleispath, 792 
Soheelerz, 674 
Scheelin ealeaire, 674 

ferrugin6, 673 
Scheelite, 674, 678, 783 
Scheelit ine, 792 
Schoelium, 674 
Sohoolochor, 753 
School spath, 674 
Schriftellur, 1 
Schriftorz, J9 47 
Sehrifttellur, 47 
Siderchrom, 2O.I 
Silborphyllinglanz, 114 
Si l icomolybdates , 565 
Silicon molybdates , 565 
Si l ieotungstates , 791 
Silver a luminium d ioxymolybdate , 6OO 

oxydodecamolybdato , 6OO 
a m m o n i u m aluminotungstato , 789 

_ chromate, 2(J7 
phosphatohomiheptatungstate , 

873 
barium metatungs ta te , 826 

phosphatoclodeeatungstate , 867 
phosphatohenatungstate , 808 

eerie dodecamolybdate , 6OO 
_ chromate, 263 

colloidal, 264 
- ~ chromidodecamolybdate , 601 
——- chromium alloys, 171 

- diarnminomolybdate, 559 
- dichromate, 340 
— dimolybdato , 581 
_ dioxytel lurate, 93 

— fluochromato, 36-5 
gold monotel luride, 49 

telluride, 46 
. tol lurobismuthite, 62 

liemitelluride, 45 
lioptitatetratellurido, 44 
hydrotel lurate, 93 
lanthanum tungstato , 791 

- manganic dodecamolybdate , 602 
metatungstate , 825 

. molybdate , 559 
mo lybdenum al loys, 522 
monotel luride, 44 

- nitratotel lurate, 119 
orthotellurate, 93 
oxyditel lurate , 93 

—_ tri hydra to, 93 
paratungstate , 818 

—. octocosihydrate , 818 
_ octohydrate , 818 

pentamolybdate , 594 
perditungstate , 835 
permolybdate , 608 

• permQnosulphomolybdate, 653 
phosphatodecamolybdate , 665 
phosphatodecatungstate , 867, 870 
phosphatododeeamolybdate , 663 
phosphatoenneatungstate , 871 
p l iosphatohemiheptadecamoly b d a t e, 

667 
<— p h o s p h a t o h e m i h e p t a t u n g s t a t e , 872, 

873 
—-—- phosphatohemipentarnoly bdate , 669 
•- ;'•.•• phosphatohenarnolybdate , 664 

Si lver phosphatohoxatungs ta te , 872 
plat inic cos i tungstate , 803 

! mo lybdate , 576 
potass ium chromidodecamoly b d a t e , 

601 
prasseodymium tungs ta te , 791 
pyrotel lurite , 8O 
subchromato, 263 

— submolybdate , 559 
subtungstate , 782 

—• sulphochromite , 432 
_ su lphomoly bdate , 652 

sulphotel lurite, 113 
sulphotel lurobismuthite , 62 

——• su lphotungstate , 859 
tel lurate, 92 

dihydrate , 93 
telluride, 5 
tellurite, 79 
te traf luodioxytungstate , 839 

— totrahydrorthotel lurate , 93 
tetramminochrornate , 266 

— — te tramminotungs ta te , 783 
t e tramolybdate , 593 

— tetratel lurate , 93 
tetritatel luride, 44 
thor idodecamoly bdate , 6Ol 
tungs ta te , 783 
uranyl chromate , 308 

Sodium, 78 
a luminium dodecamolybdate , 599 

— — a m m o n i u m chromate , 249 
—• decatungstate , 831 

—_— 3 . 1-decatungstate , 831 
• gold pyrophosphatohemihenamo-

Iybdate, 671 
hexadecatungs ta te , 832 
manganese pyrophosphatotung-

s ta te , 874 
manganese tr idecamolybdate , 602 
X : 3 -metatungs ta te , 824 
oc to tungs ta te , 830 

- — 1 : 3-paratungstate , 816 
— — — — 3 : 2-paratungstate , 816 

— 4 : 1-paratungstate , 816 
heptahydrate , 816 

— pentahydrate , 816 
tr idecahydrate , 816 

— 4 : 2 -pentadecatungstate , 832 
— 3 : 2 -pentadecatungstate , 832 

— _—_ phosphatoherniheptadecarnol y b-
date , 667 

—___ phosphatomolybdate , 663 
— pyrophosphato tungs ta te , 874 
——- arsenatotel lurate , 96 

barium paratungstate , 818 
• phosphatododeeatungs ta te , 867 

e is -bischromatoeobalt iate , 311 
trans - b i schromatotetramminocobal t i -

ate , 311 
c a d m i u m paratungs ta te , 819 

- ca lc ium paratungstate , 818 
eerie dodecamolybdate , 600 

— eeridecaraolybdate, 598 
— cerous tungs ta te , 790 

chlorochromate , 397 
chlorotetraquodichloride, 418 
chromate* 244 

decSahydrate, 246 
d ihydrate , 244 
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Sodium clirornate hexahydrate, 245 
tetraliyd.ra.te, 245 

• chromatosulphate, 45O 
chromic hexamminopyrojihosphate, 

482 
chromidodecamolybdate, 601 

• chrorriipyrophosphate, 481 
— • octohydrate, 481 
••• pentahydrate, 481 

- cliromitetrasulphate, 465 
c hroirii um hexachloride, 418 

pentafluoride, 363 
phosphate, 482 
pyrophosphate, 482 

—, —. sulphate, 454 
tetrachloride, 418 

chromotellurate, 97 
— • — chromous carbonate, 471 

. . decahydrate, 471 
monohydrate, 472 

sulphate, 435 
— cobaltous dodecamolybdate, 603 

paramolybdate, 587 
— paratungstate, 82O 

triroolybdate, 59O 
— copper chromate, 263 

. dioxydichromate, 339 
.—. paratungstate, 818 

- — dccamolybdate, 598 
dodecahydrate, 598 

__ lienacosihydrate, 598 
liexahydrate, 598 

decatungstate, 830 
. dichr ornate, 325 
didymium. tungstate, 791 

— difluotellurate, 109 
dihydrophosphatohemip entamolyb-

date, 669 
dihydrortho tell urate, 89 
dihydrothoridodecamolybdate, 601 
dimolybdate, 581 

monohydrate, 581 dimolybditotetramolybdate, 593 
dioxytetrafluoinolybdate, 613 
dipermolybdate, 607 
dipertungstate, 835 

— - disulphatochromiate, 454 * 
ditelluride, 41 
ditungstate, 809 

___ . dodecahydrate, 809 
_ hexahydrate, 809 
-—- divanadatopentatellurite, 81 

divanadatotetratellurite, 81 
divanadatotritellurite, 81 
docositungstate, 832 
dodecamolybdate, 699 
erbium tungstate, 791 

1 ferric oxyquinquieschromate, 3IO 
fluotellurite, 98 
gadolinium tungstate, 791 
gold amminophosphatomolybdate, 671 
hemitritellunde, 41 
heptatungstate, 830 
hexadecamolybdate, 603 
hexatelluride, 41 
hexatellurite, 78 
hexatungstate, 829 
hexavanadatotellurite, 81 
hydrophosphatododecatungstate, 866 
hydropyrotellurate, 9O 

Sodium hydropyrotellurite, 78 
hydrotellurate, 90 
hy drotetroxytrisulphodi m o lybdate , 

655 
hydroxylamine paramolybdate, 552 
hypomolybdatomolybdate, 604 
liypomolybditopentamolybdate, 593 
hypomolybditotetramolybdate, 593 
iodotellurite, 106 

— lanthanum molybdatos, 564 
tungstate, 790 

—— ~ lead chromate, 304 
dioxybischrornate, 304 

.— paratungstate, 819 
—_— lithium molybdate, 556 

tungstate, 779 
1 : 3-tungstate, 779 

__ magnesium chromate, 276 
trihydrate, 276 

paratungstate, 818 
manganese pyrophosphatotungstate, 

874 
- manganous molybdate, 572 

paratungstate, 820 
„ permanganitomolybdate, 573 

pyrophosphatomolybdate, 671 
— metachromite, 197 

— - — metatungstate, 822 
trihydrate, 823 

molybdate, 553 
decahydrate, 554 
dihydrate, 554 

molybdatometaphosphat e, 659 
molybdenum alloys, 522 

hemipentoxide, 532 
tetrafluoride, 6IO 

molybdic pyrophosphate, 671 
monoperditungstate, 834 
riickelous hexamolybdate, 594 
octomolybdate, 595 

heptadecahydrate, 595 
octotungstate, 830 

dodecahydrate, 83O 
orthochromito, 197 
paramolybdate, 585 

icosihydrate, 585 
- - — paratungstate, 814 

honicosihydrate, 816 
hexadecahydrate, 816 
octocosihydrate, 814 
pentacosihydrate, 816 

pent a tungstate, 828 
perdichrornate, 359 
perditungstate, 835 
permanganic tungstate, 797 

• permolybdate, 607 
permonosulphomolybdate, 653 
phosphatodecamolybdate, 663, 065 
phosphatodecatungstate, 869 
phosphatododecatungstate, 866 

enneahydrate, 866 
phosphatododecatungstatomolybdate, 

867 
phosphatoenneamolybdate, 666 
phosphatoenneatungstate, 871 
phosphatohemiheptadecamol y b d a t e, 

667 
phosphatohemiheptatungstate, 873 
phosphatohenatungstate, 868 
phosphatoliexatungstate, 872 

918 
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S o d i u m j j h o s p h a t o t e l l u r a t e , 1 2 0 
, p h o s p h a t o t r i t u n g s t a t e , 8 7 3 

p h o s p h a t o t u n g s t a t e , 8 7 3 
p l a t i n i c c o s i t u n g s t a t e , 8 0 3 

___ d e c a t u n g s t a t e s , 8 0 2 
_ h e p t a t u n g s t a t e , 8 0 3 

— m o l y b d a t e , 5 7 0 
_ _ _ t r i a c o n t a t u n g s t a t e , 8 0 3 

p o t a s s i u m c h r o m a t o , 2 5 8 
_ m a n g a n o u s p e r m a n g a n i t o m o l y b -

d a t e , 5 7 2 
— m o l y b d a t e , 5 5 8 

p h o s p h a t o c t o t u n g s t a t e , 8 7 2 
— p h o s p h a t o h o m i p e n t a m o l y b d a t e , 

6 6 7 
-- p h o s p h a t o t u n g s t a t e , 8 7 3 
_____ 2 : 1 - t u n g s t a t e , 7 8 2 

p y r o p h o s p h a t o d o d e o a m o l y b d a t e , 6 7 1 
s a m a r i u m m o l y b d a t e , 5 6 5 

- t u n g s t a t e , 7 9 1 
s t r o n t i u m p a r a t u n g s t a t e , 8 1 8 
s u l p h o c h r o m i t e , 4 3 2 
s u l p h o d i m o l y b d a t o , 6 5 1 
s u l p h o m o l y b d a t e , 6 5 1 

- s u l p h o t e l l u r a t e , 1 1 5 
_ s u l p h o t e l l u r i t e , 1 1 3 

s u l p h o t u n g s t a t e , 8 5 8 
- — t e l l u r a t e , 8 9 

t e l l t i r ide , 4O 
t e l l u r i t e , 7 8 

—-— h e m i e n n e a h y d r a t e , 7 8 
p e n t a l i y d r a t e , 7 8 

_ t e l l u r i t o v a n a d a t e , 8 1 
• t e t r a c h r o m a t e , 3 5 2 
. l e t r a f l u o d i o x y t u n g s t a t e , 8 3 9 

t e t r a h y d r o r t h o t e l l u r a t e , 8 9 
_.,.. — _ d e c a h y d r a t e , 9 0 

_ d i b y d r a t e , 8 9 
t e t r a h y d r a t e , 9O 

t e t r a h y d r o x y l a m i n o t e t r a n i o l y b d a t e , 
5 9 2 

t e t r a m o l y b d a t e , 5 9 2 
. .——_ h e r n i h e n a h y d r a t e , 5 9 2 

. h e x a h y d r a t e , 5 9 2 
o c t o m o l y b d a t e , 5 9 2 

-— t e t r a t e l l u r a t e , 9 0 
t e t r a t e l l u r i d e , 4 1 
t e t r a t e l l u r i t e , 7 8 

— t e t r a t u n g s t a t e , 8 2 2 
t e t r a v a n a d a t o d e c a t e l l u r i t e , 81 
t e t r a v a n a d a t o h e x a t e l l u x i t e , 81 

. d i b y d r a t e , 81 
__ t r i b y d r a t e , 8 1 

t e t r a v a n a d a t o p e n t a t e l l u r i t e , 8 1 
. t e t r i t a t r i t e l l u r i d e , 4 1 

— t b o r i d o d e c a m o l y b d a t e s , 6 0 1 
t h o r i u m t u n g s t a t e , 7 9 2 

— — t r i c h r o m a t e , 3 5 0 
t r i m o l y b d a t e , 5 8 8 

e n n e a b y d r a t e , 5 8 8 
b e m i d o d e c a t r i b y d r a t e , 5 8 8 
h e n a h y d r a t e , 5 8 8 
h e p t a h y d r a t e , 5 8 8 
t e t r a h y d r a t e , 5 8 8 

t r i o x y s u l p h o m o l y b d a t e , 6 5 5 
t r i p e r c h r o m a t e s , 3 5 6 
t r i s u l p h a t o c h r o m i a t e , 4 6 4 
t r i s u l p h o m o l y b d a t e , 6 5 1 

- — — t r i t a d i t e l l u r i d e , 4 0 
t r i t a h e p t a t e l l u r i d e , 4 0 

S o d i u m t r i t e l l u r i t e , 7 8 
t r i t u n g s t a t e , 8IO 
t u n g s t a t e , 7 7 4 

d i h y d r a t e , 7 7 4 
t u n g s t a t o m e t a p h o s p h a t e , 8 6 2 
t u n g s t e n b r o n z e s , 7 5 1 
u r a n i u m t u n g s t a t e , 7 9 7 
u r a n y l c h r o m a t e , 3 0 8 
y t t e r b i u m t u n g s t a t e , 7 9 1 
y t t r i u m t u n g s t a t e , 7 9 1 
z i n c p a r a t u n g s t a t e , 8 1 9 

S p e e u l i t e , 4 8 
S p i n e l , 1 9 9 
S t a n n i c a m m o n i u m p h o s p h a t o h e n a t u n g -

s t a t e , 8 6 8 
-— p h o s p h a t o h e x i t e t r a d e c a m o l y b -

d a t e , 67O 
c h r o m a t e , 2 9 0 

— l i t h i u m t u n g s t a t e , 7 9 2 
m o l y b d a t e , 5 6 6 

-- p e r m o n o s u l p h o m o l y b d a t o , 6 5 3 
s u l p h o m o l y b d a t e , (S52 
s u l p h o t e l l u r i t e , 1 1 4 
s u l p h o t u n g s t a t e , 8 5 9 
t e l l u r i d e , 5Q 

— — t u n g s t a t e , 7 9 2 
S t a n n i d o d e c a m o l y b d i c a c i d , 6Ol 
S t a n n o u s c h r o m a t e , 2 9 0 

p e r m o n o s u l p h o m o l y b d a t e , 6 5 3 
s u l p h o c h r o m i t e , 4 3 3 
s u l p h o m o l y b d a t e , 6 5 2 
s x i l p h o t e l l u r i t e , 1 1 4 
s u l p h o t u n g s t a t e , 8 5 9 

_ t e l l u r i d e , 55 
t u n g s t a t e , 7 9 2 

S t a n n u m s p a t h o s u m , 6 7 3 
S t i c h t i t e , 4 7 3 
S t o l z i t e , 6 7 8 , 7 9 2 
S t r o n t i a n y e l l o w , 2 7 1 
S t r o n t i u m a m m o n i u m c h r o m a t e , 2 7 1 

b a r i u m c h r o m a t e , 2 7 4 
b i s m u t h t u n g s t a t e , 7 9 5 

— — c h l o r o c h r o m a t e , 3 9 8 
c h r o m a t e , 2 7 0 

— - — c h r o m a t o s u l p h a t e , 4 5 0 
d e c a t u n g s t a t e , 8 3 2 
d i c h r o m a t e , 3 4 1 

_ d i t u n g s t a t e , 8 IO 
t r i b y d r a t e , 8 1 0 

l e a d c h r o m a t e s , 3 0 4 
- — m e t a t u n g s t a t e , 8 2 5 

m o l y b d a t e , 56O 
o c t o m o l y b d a t e , 5 9 6 

-—-— p a r a m o l y b d a t e , 5 8 6 
p a r a t u n g s t a t e , 8 1 8 
p e r d i t u n g s t a t e , 8 3 5 
p o t a s s i u m c h r o m a t e , 2 7 1 
s o d i u m p a r a t u n g s t a t e , 8 1 8 
s u l p h o m o l y b d a t e , 6 5 2 

— — s u l p h o t e l l u r i t e , 1 1 3 
s u l p h o t r i m o l y b d a t e , 6 5 2 
s u l p h o t u n g s t a t e , 8 5 9 
t e l l u r a t e , 9 3 
t e l l u r i d e * 6 0 
t e l l u r i t e , 8 0 

— — t r i c h r o m a t © , 3 5 1 
t r i m o l y b d a t e , 5 8 9 
t r i t u n g s t a t e , 8 1 1 
t u n g s t a t e , 7 8 6 

S t u t z i t e , 2 , 4 4 
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S u l p h a t o m o l y b d i c a c i d , 6 5 7 
S u l p h a t o p e n t a q u o - s a l t s , 4 0 4 
S u l p h o c h r o m i t e s , 4 3 1 
S u l p h o m o l y b d a t e s , 6 6 0 
S u l p h o m o l y b d a t o v a n a d a t e s , 6 5 2 
S u l p h o t e l l u r a t e s , 1 1 4 
S u l p h o t e l l u r i c a c i d , 1 1 4 
S u l p h o t e l l u r i t e s , 1 1 3 
S u l p h o t e l l u r o u s a c i d , H O 
S u l p h o t r i m o l y b d a t e s , 6 5 4 
S u l p h o t u n g s t a t e s , 8 5 7 
S u l p h o v a n a d a t o m o l y b d a t e s , 6 5 2 
S u l p h o x y t e l l u r i c a c i d , 1 1 0 , 111 
S u l p h u r y l c h r o m y l c l i l o r i d e , 4 6 9 
S y l v a n e , 1 

— g r a p h i q u e , 1 
S y l v a n i t e , 1, 2 , 4 7 

T 

T a l a p i t e , 2 
T a n t a l u m c h r o m i u m a l l o y s , 1 7 3 
- — — m o l y b d a t e , 57O 

m o l y b d e n u m a l l o y s , 5 2 4 
T a p a l p i t e , 6 2 
T a r a p a c a i t e , 1 2 5 
T a r a j m c i t e , 2 4 9 
T e l l u r a t e s , 2 , 8 8 
T e l l u r g o l d k i l b e r , 4 9 
T e l l u r g o l d v e r b i n d u n g , 4 6 
T e l l u r i c a c i d , 8 3 

d i b y d r a t o , 8 3 
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T e l l u r o n i u m s a l t s , 3 2 
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T e l l u r o t h i o n a t e s , 9 7 
T e l l u r o t h i o s u l p h u r i c a c i d , 1 1 8 
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o x y h y d r o x y n i t r a t e , 1 1 9 
o x y s u l p h a t o , 117 
t e l l u r i t e , 8 8 

T e r b i u m o h r o m a t e , 2 8 8 
T e t r a c h l o r o c h r o m i c a c i d , 3 8 6 
T e t r a e h r o m a t e s , 3 5 1 
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t u n g s t a t e , 7 8 9 
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m o l y b d a t e , 5 6 3 
m o l y b d e n u m o x y p e i i t a f l u o m o l y b d a t e , 

6 1 1 
, p a r a m o l y b d a t e , 5 8 7 

p a r a t u n g s t a t e , 8 1 9 
. p e r m o l y b d a t e , 6 0 8 
- - p h o s p h a t o d e c a i n o l y b d a t e , 6(\Z> 

p h o s p h a t o h o x a t u n g s t a t e , 8 7 3 
p l a t i n i c c o s i t u n g s t a t e , 8 0 3 
p l a t i n u m m o l y b d a t e , 5 7 6 
p o t a s s i u m c h r o m a t e , 2 8 6 
t e l l u r a t e , 9 6 
t e t r a f l u o d i o x y t u n g s t a t e , 84O 
t r i c h r o m a t e , 3 5 1 

• t r i f l u o d i o x y t u n g s t a t o , 84O 
t u n g s t a t e , 7 8 9 

— t u n g s t e n e n n e a c h l o r i d e , 8 4 2 
T h i o c y a n a t o p e n t a m m i n e s , 4 0 4 
T h o r i d o d e c a m o l y b d a t e s , 6 O l 
T h o r i u m c h r o m a t e , 2 8 9 

m o n o h y d r a t e , 2 8 9 
o c t o h y d r a t o , 2 8 9 
t r i h y d r a t e , 2 8 9 

c h r o m a t o b i s c h r o m a t e , 29O 
d i h y d r o x y c h r o m a t e , 2 8 9 
m o l y b d a t e , 5 6 5 
s o d i u m t u n g s t a t e , 7 9 2 
t e l l u r a t e , 9 6 
t e l l u r i t e , 8 1 
t u n g s t a t e , 7 9 2 

——• t u n g s t e n b r o n z e s , 7 5 2 
T h o r o t u n g s t i t e , 7 5 3 
T i n c h r o m i u m a l l o y s , 1 7 2 

d i t e l l u r i d e , 5 6 
m o l y b d e n u m a l l o y s , 5 2 3 
m o n o t e l l u r i d e , 5 5 

T i t a n i d o d e c a m o l y b d a t e s , 6 0 0 
T i t a n i d o d e c a m o l y b d i c a c i d , 6OO 
T i t a n i u m a m m o n i u m c h r o m a t e , 2 8 8 
-—— m o l y b d a t e , 5 6 5 

m o l y b d e n u m - t u n g s t e n a l l o y s , 7 4 4 
p e n t o x y c h r o m a t e , 2 8 8 
t e l l u r i d e , &5 
t e t r o x y c h r o m a f c e , 2 8 8 

— t r i o x y c h r o m a t e , 2 8 8 
— t u n g s t a t e s , 7 9 1 

T r i a m m i n o d i c h l o r o a q u o - s a l t s , 4 1 6 
T r i a q u o t r i a m m i n e s , 4 0 2 
T r i a q u o t r i b r o m i d e s , 4 0 6 
T r i c h l o r o a q u o d i p y r i d i n e , 4 0 6 
T r i c h l o r o t r i a n u n i n e , 4 0 6 
T r i c h l o r o t r i a q u o t r i c l i l o r i d e s , 4 0 6 
T r i c h l o r o t r i p y r i d i n e , 4 0 6 
T r i c h l o r o t r i t h i o u r e a , 4 0 6 
•—-—• h e m i h y d r a t e , 4 0 6 
T r i c h r o m a t e s , 3 4 9 
T r i h y d r o x y a q u o d i a m m i i i e s , 4 0 6 

• t e t r a h y d r a t e , 4 0 6 
T r i h y d r o x y a q u o d i p y r i d i n e s , 4 0 6 

h e x a h y d r a t e , 4 0 6 
T r i h y d r o x y a q u o h e x a m m i n e s , 4 0 8 , 4 0 9 
T r i m e t a t e l l u r i c a c i d , 8 8 
T r i m e t h y l a m m o n i u m m o l y b d e n y l t e t r a ­

c h l o r i d e , 6 3 1 
T r i m o l y b d a t e s , 5 8 0 , 5 8 2 
T r i m o l y b d e n u m c a e s i u m d i o x y h e p t a c h l o -

r i d e , 6 3 2 
p o t a s s i u m d i o x y h e p t a c h l o r i d e , 6 3 2 

T r i o x a l a t o - s a l t s , 4 0 2 
T r i p e r c h r o m a t e s , 3 5 6 
T r i p e r c h r o m i e a c i d , 3 6 1 
T r i s e t h y l a l c o h o l t r i c h l o r i d e , 4 0 6 
T r i s e t h y l e n e d i a m i n e s , 4 0 1 
T r i s p r o p y l e n e d i a m i n e s , 4 0 1 
T r i t h i o c y a n a t o a q u o d i a m m i n e s , 4 0 6 
T r i t h i o c y a n a t o t r i a m m i n e , 4 0 6 
T r i t u n g s t a t e s , 7 7 3 , 8 0 9 
T u n g s t a t e s , h i g h e r , 8 2 8 

n o r m a l , 7 7 3 
T u n g s t e n , 6 7 3 , 6 7 4 
•— a l k a l i - a l k a l i n e e a r t h - b r o n z e s , 7 5 1 

a l l o y s , 7 4 1 
• a l u m i n i u m a l l o y s , 7 4 2 

a m a l g a m , 7 4 2 
— — a m m o n i u m c a d m i u m t e t r a m m i n o -

e n n e a c h l o r i d e , 8 4 2 
c o p p e r t e t r a m m i n o e n n e a c h l o -

r i d e , 8 4 2 
t e t r a f l u o r i d e , 8 3 7 

— a n a l y t i c a l r e a c t i o n s , 7 3 4 
— - — a n t i m o n y a l l o y s , 7 4 3 

a t o m i c d i s r u p t i o n , 7 4 0 
—___ n u m b e r , 7 3 9 

s t r u c t u r e , 7 3 9 
. w e i g h t , 7 3 8 

b e r y l l i u m a l l o y s , 7 4 1 
b i s m u t h a l l o y s , 7 4 3 
b r o m i d e s , 8 5 3 
b r o n z e s , 7 5 0 

-—— c s e s i u m e n n e a c h l o r i d e , 8 4 2 
c a l c i u m a l l o y s , 7 4 2 
c a r b o n a t e , 8 6 1 
c a r b o n a t e s , 8 6 1 
c h l o r i d e s , 8 4 0 

• c h r o m a t e s , 3 0 7 
c h r o m i u m a l l o y s , 7 4 3 

h e x a r n r n i n o e n n e a c h l o r i d e , 8 4 2 
c o b a l t h e x a r n r n i n o e n n e a c h l o r i d e , 8 4 2 
c o l l o i d a l , 6 9 6 
c o p p e r a l l o y s , 7 4 1 
d i b r a m i d e , 8 5 3 
d i c h l o r i d e , 84O 
d i c h r o m a t e , 3 4 3 
d i i o d i d e , 8 5 5 
d i o x i d e , 7 4 7 

d i h y d r a t e * 7 4 8 



T u n g s t e n d ioxydibromide , 855 
dioxydichloride, 851 
dioxydifluoride, 838 

— — dioxydisu lphotungstates , 86O 
disulphide, 85G 
ditelluride, 63 
ducti le , 695 
extract ion, 682 
fluorides, 837 
gold al loys , 741 

• l iemiamminoxytetraf luoride, 838 
heinipentoxide, 747 
hemitr imolybdide , 743 

— hemitrioxide, 745 
hexabromide, 854 
hexachloride, 844 
hexachloroenneasulj>hide, 859 

— — hexaftuoride, 
hexaiodide , 855 

—-— intermetall ic compounds , 741 
iodides, S5H 

— - isobutylalcosol , 690 
——- isotopes , 739 

- lead al loys , 743 
- l i th ium bronzes, 75 1 

magnes ium al loys , 742 
— — merciiry al loys , 742 -

— molybdate s , 571 
•—-— m o l y b d e n u m al loys , 743 

t i tan ium al loys , 744 
molybdide , 743 
monoxide , 745 
nitrates , 861 
nitrogen tetrachlorotetrasulphide, 843 
nomenclature , 842 
occurrence, 675 
ochre, 678 
octochloroheptasulphide, 860 
oxide , 753 

— — oxides , intermediate , 745 
lower, 745 

oxybromides , 853 
——- oxychlorides , 848 

oxyfluorides, 837 
. oxy iodides , 855 

oxysulphides , 860 
. oxytetrabromido, 854 

oxytetrachloride , 849 
oxytetrafluoride, 837 
oxytrichloride, 848 
oxytr i su lphotungstates , 86O 

• pentabromide , 853 
pentachloride, 843 
pent i taenneaoxide , 745 

• pent i taoctox ide , 746 
pent i tate tradecoxide , 746 

• phosphates , 862 
phosphoenneachloride, 844 
potass imidamide , 854 
potass ium bronzes, 751 

cadjrxium te tramminoenneachlo-
ride, 842 

_ copper tetranominoenneachloride, 
842 

enneachloride, 841 
. . hydroxylpentachlor ide , 848 

hydroxypentachlor ide , 843 
tetrafluoride, 837 

preparation, 689 
properties , chemical , 729 
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T u n g s t e n proper t i e s , physical , 699 
• rubidium enneachloride, 842 

si lver al loys, 741 
sod ium bronzes, 751 
sulphate , 861 

— sulphates , 86O 
- sulphatotr ioxide , 861 

• sulphides , 856 
— — t a n t a l u m al loys , 744 

tetrachloride, 843 
-——- tetrahydroxide , 748 

tetraiodide, 856 
——— tetr i tahonoxide , 746 
_— tetri tatrioxide, 745 

thal lous enneachloride, 842 
thor ium al loys , 743 

bronzes , 752 
t in al loys , 743 

— trichloride, 841 
trichloroonnoabroniide, 854 

--— trichlorotribromide, 854 
trifluoride, 837 

. tr ioxide , 753 
d ihydrate , 762 

_ l iomihydrate , 762 
— hydrates , 762 

• monohydrate , 762 
tr ioxyphosphopei i tachlorido, 758 
tr ioxysulphotungstates , 8 OO 
trisulphide, 857 

colloidal, 858 
tritaoctoxiclo, 746 
tungs ta te s , 796 
unicrystals , 696 

_ uses , 735 
va lency , 738 

— zinc a l loys , 742 
Tungsteno, 676 
Tungs ten i te , 678, 856 
Tungst ic acid, 762 

colloidal, 765 
ye l low, 762 

chromite , 2Ol 
• ochre, 753 
Tungst i te , 678, 753 
Tungs tous chloride, 840 

U 

Ultramarine yel low, 273 
U r a n i u m a m m o n i u m tungs ta te , 797 

chromite , 2Ol 
dichromate , 343 
molybdate , 571 

trihydrate, 571 
potass ium tungstate , 797 
sod ium tungs ta te , 797 
tr i tungstate , 811 
tungstate , 797 

dihydrate , 797 
Uranous molybdate , 571 
Urany l a m m o n i u m 

— chrornate, 308 
hexahydrate , 308 
trihydrate, 308 

b i smuth chromate, 308 
chromate, 307 

henahydrate , 307 
trihydrate, 307 
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U r a n y l l e a d c h r o m a t e , 3OS 
— m e r c u r o u s c h r o m a t e , 308 

m o l y b d a t e , 571 
— n i t r a t e , 831 

o c t o m o l y b d a t e , 597 
o x y b i s c h r o m a t e , 307 
o x y c h r o m a t e , 308 

— — param.olybd.ate , 587 
p e r m o n o s u l p h o n i o l y b d a t e , 053 
p o t a s s i u m c h r o m a t e , 308 
s i lver c h r o m a t e , 308 

-~ — s o d i u m c h r o m a t e , 308 
s u l p h o m o l y b d a t e , 652 
t e l l u r a t e , 97 
t e l lu r i t e , 82 

-—-— t r i t u n g s t a t e , 812 
— t u n g s t a t e , 797 

V 

V a n a d a t o t u n g s t a t e s , 795 
V a n a d i u m c h r o m a t e s , 306 
— m o l y b d a t o , 570 

m o l y b d e n u m al loys , 524 
p l i o s p h a t o m o l y b d a t e s , 663 

V a n a d y l s u l p h o t u n g s t a t e , 859 
V a u q u e l i n i t e , 125 
V e s b i u m , 489 
Viole t h e x a h y d r a t e , 422 
V o n d i e s t i t e , 2, 62 

W 

Wasse rb le iocke r , 535 
W a t e r , 368 
W e h r l i t e , 2, 60 
Weissgolderz , 1 
— p r i sma t i sohe , 1 
Woiss i te , 40, 4 3 
W h i t e t e l l u r i um, 2 
AVoIf, 673 
W o l f a r t , 673 
W o l f e r a m , 673 
Wolffer t , 673 
Wolfish, 673 
W o l f o r t , 673 
W o l f r a m , 673, 674, 798 

b l u e , 745 
W o l f r a m i n e , 753 
W o l f r a m i n u m , 742 
W o l f r a m i t e , 678, 798 
W o l f r a m i u m , 674 
Wolframoclcer , 753 
Wol f r ig , 673 
W o o l f r a m , 673 
W u l f e n i t e , 488 , 566 

Y 

Y e l l o w u l t r a m a r i n e , 278 
Y t t e r b i u m c h r o m a t e , 288 

m e t a t u n g s t a t e , 826 
— o x y m o l y b d a t e , 665 

o x y t u n g s t a t e , 791 
• p a r a m o l y b d a t e , 587 

— p a r a t u n g s t a t e , 819 
— — »odium t u n g s t a t o , 791 

Y t t e r b i u m t u n g s t a t e , 791 
Y t t r i u m c h r o m a t e , 288 

— m o l y b d a t e , 565 
p a r a t u n g s t a t e , 819 
p o t a s s i u m c h r o m a t e , 288 
s o d i u m t u n g s t a t e , 791 
s u l p h o m o l y b d a t e , 652 
s u l p h o t u n g s t a t e , 859 

— t e l l u r a t e , 96 
— t e l l u r i t e , 81 

Z 

Zinc a l u m i n o t u n g s t a t e , 789 
a m m i n o c h r o r n a t e , 277 
— m o n o h y d r a t e , 277 
a m m o n i u m c h r o m a t e , 279 

d i a m m i n o b i s c h r o m a t e , 28O 
p a r a m o l y b d a t e , 586 

— p a r a t u n g s t a t e , 819 
t r i a m m i n o s e x i c l i r o m a t e , 28O 

c h l o r o c h r o m a t e , 399 
c h r o m a t e , 277 

m o n o h y d r a t e , 277 
c h r o m e , 278 
c h r o m i t e , 2OO 
c h r o m i u m a l loys , 171 

pen t a f luo r ide , 364 
c h r o m o u s s u l p h a t e , 435 
d e c a m m i n o c h r o m a t e , 278 
d i a m m i n o m o l y b d a t e , 562 
d i c h r o m a t e , 341 
d i o x y c h r o m a t e , 279 
d i o x y t e t r a f i u o m o l y b d a t e , 614 
di t u n g s t a t e , 8IO 
d o c o s i t u n g s t a t e , 833 
d o d e c a t u n g s t a t e , 832 
h y p o m o l y b d a t e , 529 
l ead c h r o m a t e , 304 
m e t a t u n g s t a t e , 826 

o c t o h y d r a t e , 826 
m o l y b d a t e , 562 

_ m o n o h y d r a t e , 562 
m o l y b d e n u m a l loys , 523 

_. oxypen ta fTuorno lybda te , 611 
o c t o m o l y b d a t e , 597 

— — o x y b i s c h r o m a t e , 279 
o x y c h r o m a t e , 279 
_ _ _ h e m i t r i h y d r a t e , 279 

m o n o h y d r a t e , 279 
o x y d e c a c h r o m i t e , 20O 
o x y d i c h r o m i t e , 20O 

— o x y t e t r a c h r o m i t e , 200 
o x y t r i s u l p h o t u n g s t a t e , 86O 
p a r a m o l y b d a t e , 586 
p a r a t u n g s t a t e , 819 
p e n t a t u n g s t a t e , 829 

— - p e n t o x y h e x a o h x o m i t e , 20O 
p e r d i c h r o m a t e , 359 
p e r m o n o s u l p h o m o l y b d a t e , 653 
p h o s p h a t o h e x a t u n g s t a t e , 873 
p o t a s s i u m c h r o m a t e , 277 

c h r o m a t o d i c h r o m a t e , 341 
_ _ ... p a r a t u n g s t a t e , 819 

t r i o x y b i s c h r o m a t e , 279 
s o d i u m p a r a t u n g s t a t e , 819 
s u l p h a t e , 831 
s u l p h o m o l y b d a t e , 652 
s u l p h o t e l l u r i t e , 113 

param.olybd.ate


I N D E X 909 

Zinc su lphotungstate , 857 
tel Iurate, 94 
telluride, 5O 
tellurite, 80 
tetrafluodioxy tungstate , 839 

— te tramminochromate , 278 
pentahydrate , 278 

__ __.„ tr ihydrate , 278 
tetramminotungBtate , 788 

dihydrate , 788 
te tramolybdate , 593 

• thor idodecamolybdate , 6Ol 
trichrorxiate, 351 
tr imolybdate , 590 

. tr ioxychromate , 279 
pental iydrate , 279 

__ tr ihydrate , 279 
tri tungstate , 811 
tungstate , 788 

Zinc t u n g s t a t e hydrate , 788 
yel low, 278 

Zinkgelb, 278 
Zirconidodecamolybdates , €>01 
Zirconium a m m o n i u m tungstate , 791 

chromate , 288 
decahydroxychromate , 289 
hexacos ioxypentachromate , 289 
hexahydroxychromate , 289 
molybdate , 565 
oc tohydroxychromate , 289 
oxycnloride , 831 
oxyc l i loromolybdate , 565 

— — potass ium tungs ta te , 792 
tel lurate, 96 
tel lurite 81 
tungs ta te , 791 

Ziroonyl te tra l iydroxycl iromate , 288 
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